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ABSTRACT

Shortrotationcoppice(SRC)is a promising alternative to forestry. Within Nova Scotia
and across Canadahe biomass industry is heavily focused on forestry products for
biomass energgeneration buis significantly underdeveloped with regards to agricultural
biomass; specifically, SRQvillow. Research has indicated that from a growing
perspectivethere are few barrierswith a suitable climate to support production in a
numberof provinces including Nova Scotia, however, uptake has been limited. This
research investigates the policy and funding landscape that would suppow/iERC
production in Novécotia and develops a model; allowing potential produocezsaluate

whether there is both potential production capacity and financial viability.

This research demonstrated that, while there is biomass policy across Canada, pushing
forward biomass as an energy source, there is significant variation across the provinces and
only minor mention is made of agricultural biomass (SRilow) as a potentiafuel

source. This is reflected in the lack of funding opportunities available for agricultural
biomass, translating into a significant lack of SRilow production both at a commercial

and at a research leveSpatial analysis was conducted to assesproductioncapacity

of short rotation coppice willown Nova Scotia, finding capacity in the Northern areas. To
assess the economic viability of SRC willow,emonomionodelwas developed and used
onDal housi e Univer si t yobdetemihg the wvabilityt af thanh Camp
producing their own SRC willowfor energy generation The analysis found that
production and use would only be viable whieng landrentalcostswere availableand

high SRC willowyields could beachieved
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CHAPTER 1 INTRODUCTON

Canadians utilize a wide range of differemergy sources for electrical generation, from
traditional fossil fuels, to various renewable energy sources wattalainstalled capacity,

of 145Gigawatts(GW) as of 20171], producing 639 &rawatt hourgTWh) in 2017 of

which, 18.9% came from renewable energy souf2¢s Of the renewable energy sources,

it is estimated that 1.4% comm®iin biomass resoues, with 201 &eeingseventybiomass

power stations with a total installed capacity ®4 GW throughout the country, producing

an estimated 8.GWh of electricity[2]. Projections from the National Energy Board
estimate that by 2040, biomass energy generation will grow to 3.8 GW, representing 5%
of energy generating capacity in Canada up from 3% in @Z)14rhisincreasas expected

to occur in B.C., Ontario, Quebec and Alberta through the conversion direaapower
stations to biomassBiomass feedstocks commonly used for electrical generation include
forestry, forestry residue, lafill gas, spent pulping liquor and municipal solid waste.
Across Canada 4.6% of households use wood as their primary or secondary energy source,
with it being estimated that ove? TWhof energy derived from wood is consumed by the
residential sector perear. In the industrial sector it is estimated that from biomass, over
111 TWhof energy is consumed per year, being predominantly derived from industrial
wood waste products, with the pulp and paper industry being the largest consumer with

over a half othe biomass energy being used by this indy&iry



Energy from biomass, whether for heating, electrical generation or for use in combined
heat and power (CHP) systems, is | argely co
that has the benefit of being a renewable and secure national energy resource. Traditionally
biomass has been derived from forestry resources and is still widdlglosally, however

in the last 20 year agricultural biomass, while it cannot compete on the scale of forestry
biomass, does offer some benefits including using inactive land, development of new

business, improved local economies, and the reductigreehhouse gas (GH@®missions

[4].

According to the literature, predominantly Europghare needs to be; 1) suitable growing
conditions; characterized by the right soil type and quality on land that has low incidences
of stoniness and ro fields with a suitable gradient and adequate solar radiation,
temperatures and rainfall, 2) available land that is acceptabkhdéot rotation coppice
(SRC) production; typically marginal land, 3) an available, easily accessible market, 4)
access to@propriate harvesting and planting equipment, 5) economic viability which may
involve the use of subsidies, and; 6) supporting policy and political will for BRGwv

production and utilization.

Even within EuropalespiteSRCwillow being evaluated from an economic perspective
for the last 2830 years, the market has still not fully developed due to the aforementioned
issues. The production of SR@llow is relatively well known within Europe and there

are a limited number of plaritans in North America, however there is a distinct lack of



knowledge of SRCwillow production and supporting mechanisms for SRillow

production within the Canadian Maritime region and specifically Nova Scotia.

Whether for farmers, landowners, intdroa external investorg;onsidering involvement

in developing or participating in a biomass industhere is a clear need to-dsk the

whole biomass supply chain process before interested parties may be willing to investing
capital in the productionrautilization of biomass feedstocks. One area that needs to be
confronted is the lack of data within the province that will aid in identifying potential
provincial crop yields and production locations and the need to provide a clear framework
for investordecision making. Before investors are liable to invest in the province, there
must be confidence inr@turn oninvestment, which can be indicated by running supply,
logistic and economic models on the desired supply chain or using decision support
modek; defined as information systems that provide guidance in decis&ing
activities. M economic model should be able to compile and generate useful and
meaningful information and offer viable options or outcomes through the analysis of raw

data and viallowing the user interaction to evaluate different courses of action.

The primary focus of this research is to examine the potent&RGwillow as a biomass

feed stock, classifying it as o6agricultura
current economic and production conditions. SRKilow is a fastgrowing energy crop,

suitable for direct combustion that is currently in production predominantly within the
European Union, with som&mallscaleproduction in North America and a number of

trials within Canada. SR@illow, under the right economic and production conditions has
3



the potential to contribute towards a sustainable biomass economy, improve regional
energy security, while contributing toward an overall renewable energy stratediyeand

reduction of GHG emissions.



CHAPTER 2 OBJECTIVES

SRCwillow is a promising biomass feedstock, grown and utilized in parts of Europe as an
energy feedstock for electricity generation. Within Europe, where there is significant
unrealized potential for SRC, studies have shown from both an economic and spatial
perspetive thatthe adoption of SRWillow in a wider context needs to have multiple

complex factors align for success to be realised.

To determine the potential for production, there needs to be a clear understanding of the
current production landscape antat the potential challenges and drivers for production

are. Seeing potential for production based upon the production landscape and the demand
for a product, producers and users need to identify whether there is land capacity within
their region for prduction and importantly whether it is economically viable to produce
and/or use SR@illow for energy generation. This research aims to fill existing gaps and
advance knowledge in the evaluation of SR{bw as a viable contribution to the biomass

energymix in Nova Scotia through:

1. A review of biomass policies and their influence on biomass produwiitim
Nova Scotia
a. ldentification and review of biomass policy and supportdeveloping
agricultural biomass marketgthin Canada and internationally
b. Identification of inding opportunities used to promote biomass and SRC

willow production.



c. ldentification of the production methodologies and technological

components required f&@RCwillow production.

2. Evaluation of SR@villow production and utilization within Nova Scotia through:

a. Evaluation of thdand capacity for potential production addtermining
whetherNova Scotia can/should support the production and utilization of
SRCwillow based upon available land.

b. An analysis of the economics of SRd@llow production in Nova Scotia,
based upon known production techniques and operating usiats a case
study usi ng Dal housi e Uni v er shiomagsd s Ag

combinedheatandpower system



CHAPTER 3 LITERATURE REVIEW

This literature review aims to provide background knowledge of the two major factors this
research is focused on that influence SRilow developmentthe economics and the
availability of suitable land for production. This literature review providevigaw of the
different economic evaluation methodologies used and their conclusions and a review of
the different spatial models used for evaluating SR{©Ow potential in a given regn and

their results. Chapterdontains a detailed review, incorpongt literature of the different
biomass policies used both internatibyy@and within Canadand Chapter ocuses on
reviewing the technological requirements for SRlow production incorporating a

literature review.

3.1 Biomass Definition

Biomas is defined as any organic matter present within an ecosystem, comprising of both
living and dead animal and plant material. Biomass as considered in modern society
references material that can be utilized as a feedstock for the production of pratiots ra
from furniture to construction material, as a fibrous material for the manufacturing of pulp
and paper, as a cellulosic material for the production of biofuels and as a modern direct

fuel sourcd5].

As an energy/fuel source, biomass occupies both a traditional role for the purposes of

cooking and the generation of heat in either efi@me or basic stove heating systems or
7



as an increasinglymportant fuel source in the electrical eneggnerating sector and in
combined heat and power systefBf. Current estimates state that approximagely
billion people in predominantly developing nations are still utilizing solid biomass (wood,
charcoal, agricultural residues) for the traditional purposes of cooking and for traditional

heating methods in the horf@.

In contrast to developing countries, biomass in developed countries is considered a
sustainable and alternative source of energy compared to that of fossjiFfudls a fuel

source it is utilized by the homeowner as a domestic heating system fuel source and as a
feedstock that forms part of a sustainable energy mix system for either electrical
generation, derived heat (heat generated from electrical generation), direct heat and
transport fuel productiof8]. The purpose of pursuing biomass as an energy source and
the development of a bioeconomy is largely a part obying three objectives; the
reduction of GHG emissions, the pursuit of energy security within a given regions and to

develop a sustainable system of energy generation and the sustainable growth of society

[9].

3.2 Biomass Energy Generation

Total energy supplin 2014wasidentified as 573 EJ (159,167 TWh), with a final energy
consumption of 360 EJ (100,000 TW&YP] [11], of this bioenergy accounted for 59.2 EJ
of Supply and 50.5 EJ of consumptio Breaking total consumption down, 1.47 EJ is

attributed to electrical consumption, 0.77 EJ for derived heat, 45.1 EJ fromldiegcind
8



3.09 EJ from transport, making bioenergy thed largest renewable source for total

energy consumption.

Globally there is a continual increase in demand for biomass energy, with electrical
generation fronbiomassrovided directly from forstry, agricultural and charcolahving
increased from 95.2ZWh in 1990 to 184.3Wh in 2016, with this accounting forIPo of

global renewable energy generatj@@]. The Wold Bioenergy Association attributed all
biofuels of generating 493 TWh of electrical generation, equating to 23%obél

electrical energy generation.

Within the European Union the production of total energy from renewable sources for 2016
saw production reach 8.83 EJ with biomass in the forms of wood (both forestsh@md
rotation energycrop9 and other solid biofuels account for 44.7% of renewablergy
generation (heaglectricity,and transport). According to the International Enéxggncy,

the share of renewable energy for heat consumption in both space heating and water heating

and for industrial processes was 9% in 2015 with it expectesetdo 11% by 202[13].

Datafrom 2015 identified 23.4% of wood fuel within Canada being utilized for electricity,
26.6% of wood fuel being used within the Residential sector and 50% of wood fuel being
used within the industrial sector; the primary use of wood ifughe residential and
industrial sectors is for heat productifi¥]. Electricalenergy from biomass facilities
currently accounts f@,198MW of installed capacityTable 3.1) generating 1.2% in 2005

to 2% in 2017 of Can adld]@asltwe hundeed anceeigktywya r i ¢ a |
9



facilities using biomass for heat productidd]. British Columbiais the leader in terms
of utilizing biomasdor both electrical generation and heat production, with then dominant

source of biomass being derived from forestry resolicgs

Table0.1: 2017 Canadiabiomassenergygeneration byprovince [9].

Province MW - Electric MW - Thermal
Alberta 460 1,454
British Columbia 1,423 55,677
Manitoba 23 276
New Brunswick 118 683
Newfoundland and Labradag 18 120
Nova Scotia 91 109
Ontario 625 1,727
Prince Edward Island 1 15
Quebec 379 1,242
Saskatchewan 63 174
Canada (Total) 3,198 12,872

Of biomassused in Canada for electrical generation, forestry accdontthe largest
feedstock. The use of forestry biomass within Canada has expanded from the traditional
uses; solid wood products (composites, logs, saaod and squared timber) and pulp and
paper to modern uses of electrical generation and the production of biomaterials
(biocomposites and lignin and ligablended materials) and biochemicals (resins and

thermoplastics)16].
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3.3 Canadian Biomass Fuel Sources

Evaluatingbiomasduel sourcesised in Canadahe majority of systems utilize wood chips
or pellets, with no indication that SRC or agricultural residues are being utditredst
75% of systems are using wood chips exclusively, with 13% utilizing wood chips and saw

dust and sawmill byroducts.

According to analysis by Stephenal.[17], the choice of feedstock is highly véia and
geographically specific withi€anada. Biomass systems on PEI currentlywessdchips
exclusively, compared to New Brunswick usivgod pellets, Bitish Columbiautilizing
secondary wood products, Quebec has been using chipped forestry harvest residues,
thinnings, and pulpwoqgdvhen aailable and the Territories have been using imported

wood pellet from Alberta and BC.

Reviewng the availability of forestryesiduesvithin Eastern Canadthere is estimated to

be between Billion and 49million tonnes per year of forestry residy&8], with 1,145

tonnes peyearof forestry residuesvailable for utilization in thévaritime regions.Data

from 2006 suggested 21,229,0WDT of sawmill residues being available throughout
Canada, however according to Krigstinth Nova Scotia having potentially 340,427 ODT
(2011) and New Brunswick having 233,497 ODT (2010) suggesting significant available
biomass feedstock%9]. However Krigstiret al.[18] highlight due to the recent turndown

in the forestry sector there has been a number of sawmill closures throughout Canada and

in particular the maritime region, with ontiyventy currently remaining. Despite the drop
11



in sawmills there is still available sawmill residues, however annual quantities are not

available.

Figure3.1 demonstrates the spread of heat producing biomass systems throughout Canada,

with concentrations of systems focuse@ritish Columbia, AlbertaDntario,and Quebec.
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Figure3.1: Dispersal obiomass for heat production across Canada [15]

Regarding consumption of all biomass feedstocks, there are cunim@iy-three projects

within the Maritimes region utilizing wood pelletsighty-one utilizing wood chips and
forty-five utilizing a blend of wood chips and sawdust, of the other systems there are a mix
of feedstock including whole logs, construcin wastes and hogié¢l (Figure3.2) [20].

The projects in question are systems producing heat, electricity or are combined heat and

power systems.
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The proliferation of biomass systems within Canadhthe maritime regions (Figure3p

is predicated on available feedstocks and there keipglicy drive by thdederal and

provincial governments and available funding to push forward a biomass 486hda

3.4

Economic Viability of SRC ~ Willow

The economic viability of SR@illow is determined through several factors: establishment

and management, yield potential, market prices of 3RIGw against alternative fuel

sources and the availability of subssl
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There have been a number of studies focused on evaluating the economicsvafl@RC
predominantly within the European Unifi6, 17, 18, 19, ,20, 21]. Faash and Patenaude

(2012) evaluated the economic viability of SRMllow production in Germany,
highlighting that despite SR®@illow having significant potential of contributing woody

bi omass to Europeds ener gy mikl Thehevaluatedr e mai r
five key variables that influence SR®@illow economic viability: SRGwillow yields,

woodchip market prices, available subsidies, cost level and opportunity costs (those being

alternative annual cropfJ1].

Based on novepproach to yield forecasting Faash and Patenaude (2012) assiited a
suitability rankingindexd based upon temperature, soil water table data, rainfall and soil
guality and used that as a basis to determine how an average yield of a giveill8RC

variety would perform; this was model was based upon known yields and site specific data
from trial plots[21]. Woodchip market prices were used as a potential indicator for
prospetive SRCwillow chip sale prices. Cost levels relate to plantation establishment and
management costs and assume readily available and accessible planting and harvesting
equipment, values were derived fréourteenliterature sources, providing minimumd
maximum thresholds. Subsidies focused 30% establishment costs and subsidies made per
hectare of cultivated. Evaluation was madetmeedifferent subsidy scenarios. Finally

opportunity cost analysis costs were made against conventional2tpps

In their evaluation, Faash and Patenaude (2012) found that under the existing conditions at

the time, 1) it is still more profitable for producers to grow traditional agricultuogiscr
15



2) that there are significant barriers to SRilow development including limited practical
experience, 3) a distinct lack of production and economic data, 4) uncertainty about
economic variables, and; 5) the variable efigiv of SRCwillow producton with high

initial capital costs and late amortization results in SRw being seen as a high risk

investmen{21].

Conclusions on how to make SRMllow more viable focused on the need for more
effective subsidies as their research demonstrated that even under the most favourable
subsidies (30% establishment cost afd@0/ha payment) it was insufficient economically
compared to that of traditional crgpoduction systems. The research also identified that

the lack of alignment with regards to agricultural and forestry policy, regulations and
legislation was providing a substantial barrier due to lack of administrative costs and

supressing economies afade[21].

Schweier and Becker (2013) evaluated the economic viability of @R@&rof marginal

land in Germany, using experimental plantations. The research focused on evaluating the
economics of the establishmananagemenharvestingtransportation supply chaimsd
focused on specific planting and harvesting equiprigtjt The research concluded that

the production of SR@oplaron marginal land is not profitable where the yield is less than

11 ODT/hakearand themarket price is less than $1QOT or less than $13@DT where

the yield is 70D T/ha/yea [22]. They further concluded that even aauing for subsidies

under the Common Agricultural Program, subsidies of >$400 would be needed to be
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financially comparable to growing other agricultural or horticultural products on marginal

land[22].

To achieve this, the auttostate that there needs to be a political will to push SRC
production on marginal land unless the market price for woody biomass products
significantly increass. The authors also state that economic viability can possibly be
achieved where there are decentralized biomass energy systems and short transportation
distances from field to end user, which would also as a side effect have a positive impact

on local €eonomieqd22].

Pereiraet al. (2016) evaluated the potential for SRGplar production for bioenergy in
Southen Portugal[25]. The research aimed to evaluate the financial viability of SRC
poplarproduction from the perspective of farmers and two specific biomass power plants
in the region of Alente, Portugal. The research aimed to evaluate the potential for SRC
poplarto cover 10% of the two power plants needs giving a biomass requirement of
522,4740DTl/year[25]. The study found that based on different potential yeldie
scenarios (10, 15 and BIDT/halyeay, the scenarios were not financially viable with there
being a need for subsidies become economically viable The research stated that
establishment costs were one of the biggest barriers, however propased tell as
establishment subsidies there could be potential for carbon allowances linked to the power
pl ants and used to offset some production

emission targetg25].
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Kasmioui andCeulemans (2013) undertook and financial analysis of SRC production in
Belgium evaluating a number of different production parameters from an establishment
managemenharvestingtransportation supply chain, having variability in equipment for
planting andcharvesting. The research found that at the specific time (2@012) SRC
willow production was not financially viable in Belgium other than in very specific
circumstances, finding that only under specific high yields, a high sale price (or the
availablity of reasonable financial subsidies), effective management and even then it may
still be more financially advantageous to produce corn or other annual agricultural crops

[26].

Inhibitors to adoption were found to be: 1) an established market, 2) evidence of potential
profitability, and 3) availability of equipment for planting and harvesting being within
reasonable distance. The researchers found that there was potential for markets bu
fully established, the production of traditional agricultural crops was still proféable,

and the researchers found that the widespread availability of equipment within a reasonable
distance was not currently achievable. Other risks to thedialviability of SRCwillow
production relate to; 1) disease and pest risks, where any infestation may tip the
profitability margin due to the need for pesticide application, apahcreased distance to

the enduser, where more than & and deliverycosts are absorbed by the farmer can

impact profit margin$26].

Kasmioui and Ceulemans (2013) conclude that the key solutions to farmers investing in

SRC willow production include incentising power plant operators to offer loteym
18



supply contract and the wider availability of appropriate, effective and accessible subsidies

[26].

Buchholz and Volk (2013) evaluated thefiability of SRCwillow grown inthe state of

New York, USA, in relation to the accessibility of various incentives programs. Within
NY State, establishment grants of 75% were made available in addition to annual payments
(for biomass production) and n@aus low-cost startup loans were availablR7]. The
research concluded that establishment grants were critical to the financial viability of
production, and the use of loan interest loans were beneficiptouction systems
however annual payments had little impact on the probability of a plantation. A further
incentive of match payment was evaluated which applied to production on marginal land,

where $500DT of delivered,material was made to the producer

The research concluded that having incentives and subsidies available was the key driver
in ensuring profitability of SR@illow plantations and their removal would inhibit further
production to financial noriability. Similar to other research, Blaholz and Volk (2013)

highlight the challenges faced by the large investments required for establi§hRjent

Similar research conducted by Feil and Musshoffi@0evaluated investments in SRC
under uncertain circumstances from a value chain perspd@®je The researchers
considered the main value chain to SRC production to be biomass heating systems, with
the economics of production being positively influenced by understandirngplaeity of

nearby biomass heating systems. The researchers here are suggesting, like others that
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proximity to the enelser is key to success but to combat reluctance of production in
relation to the uncertainties of production, supply contracts neleel ito placg28]. Fell

and Musshoff (2018) similarly reach similar conclusions to Spiegedl. (2018) that
pricing floor are liable to be ineffective and establishment and production subsidies are

important in achieving a positive economic C3j.

A study by Stolarsket al. (2015) took a novelgproach of evaluating the economics of
severdifferent varieties of SR@illow grown in Poland without the use of subsidies. The
study found that by utilizing naturally high yielding varieties with a high energy content
on productive land can reduce the expenditure on fertilizers and being able to harvest on a
threeyear rotation. However,the research found that the main driver for a positive
economic case is the impact of biomass price, with a higher market price resulting in higher
income per hectare, especially for those high yielding variety. The study also concluded
that transportation distance to the final ender was critical, with distances 025km

being preferable and anything over than @0 being unviable fosix out of theeight

varieties evaluatef23].

A later study by Stolarslat al. (2017) evaluated the impact of different soil amendments
on biomass vyield for several different biomass species includingv8R@ . The study
found that the pplication of soil amendments can have a positive impact on biomass
provided the correct biomass species and variety is selected; finding thatviB&(C
responds best to amendments (compared to black lotus and pfjai\s with previous

research by Stolarslat al, they conclude that even wibil amendmentgmanures,
20



composts, biosolidsthe impact ofkale price and transportation distance to the end user
has the greatest impact on profitabi[#]. Howe\er out of theeightamendments applied,

the application of lignin or mineral fertilizers still resulted in revenue at a travel distance
of 200 km, suggesting that the application of certain soil amendments can contribute

towards revenup24].

Hauk, Knobe and Wittkopf (2014) undertook an evaluation of available academic literature
focused on the economic evdioa of SRCwillow for biomass energy production finding
thirty-sevendifferent economic studies (combinimgllow, polar, black lotus,eucalyptus

and daniella) going back to 198f9]. Of the studiestwentythree were based on
European studiesenwithin the US andneeach for Canada (a study paplai), Chile,

Benin and Belarus. Of the previous studies reviewed 4@%w conclusions of SRC
willow being economically viabl 19% unviable and 38% provided mixed results,
however in drawing these conclusions there is a wide variance in how these results and

conclusions have been drayz9].

Hauk, Knobe and Wittkopf2014)concluded that there was significant variatior dol a

wide range of different underlying assumptions which has a direct impact on the financial
conclusions drawn by the researchers. The research drew congthsibtihe variability

in underlying assumptions is as a result of there being a lacklafateaon the costs and
benefits associated with SR@llow production globally and there being a wide range of
methodologies used to evaluate the economics and what production system is used. These

wide variations in both economic and production systesates an issue of making it
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difficult to compare system to system and to provide an overall picture of the viability of
SRCwillow as a crop suitable for energy production. This study finally concluded with a
proposal for future researchers to use stanzkddhomenclature and to use standardized

or similar economic evaluation methd@9].

3.5 Modelling of SRC Willow Production

There are several researalbpcationsthat have evaluated the economic potential of SRC
willow production in various locations, predominantly Eur¢p®, 26, 27, 28, 29]. The

key purpose behind these papers is to identify whether the production oVB&4C is
economical from the perspective of a given regiotoontry. The move towards assessing
the viability of SRC in these research papers, is the need to contribute t@mardy
security and to contribute towards moving away from fossil fuels by using agricultural

lands.

Ericssonet al. (2006) in evaluating Poland, where agricultural crop productivity was
assessed to be lower due to traditional farming methods (rechegthnisation) and had
generally | ow soil guality, suggested that

coal based energy generation, SRilow could potentially be a viable optidB0].

To assess the value of SR@low Ericssonet al. (2006) used a model that assessed the
Annual Gross Margins of production using a discount rate of 6% over a tivemtyear

life-span, the methodology used a cereal production model (although not detailed),
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switching out items, e.g.thresher for darvester, to allow for analysis. As an analysis,
they compared SR@illow production against the production of wheat and barley and
looked at the price of woodchips, finding that only a high price for wooddbgus to
profitability [30]. Additionally, they found that there would be a negative impact to a farm
currently growing cereal crops if they aimed to switch or partially switch to BiRGwv
production due to the high establishmepdts associated with SRC willow and the loss of
revenue associated with reduced cereal produ¢3@h Ericsson et al (2006) found that

the for farmers to adopt SRAIlow as a production crop, it has to be at least as profitable
ascereal production, but that it is unlikely to be adopted by Polish farmers, unless suitable
subsidies are provided to offset the loss in revenue before first harvest which would at the

earliest occur in year fo(i80].

Styleset al. (2007)performed an economic analysis of energy crops in Ireland comparing
miscanthusand SRC willow production takingreet presentvalue(NPV), a method used

to value all future cash flows over the life of an investnmamd projectdiscounted to the
presentusing adiscount rate of 5%26, 30]. The purpose of conducting the analysis was

as a result othe introduction of the Irish Government implementing a planting and
maintenance subsidies program, designed to boost the production of energy crops in
Ireland, the study and aimed to determine the economic outlook of botlwHB& and
miscanthug31]. Styleset al.(2007) discuss the variable used and used a range of values

based on literature frofBuropean plantation$1].
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Styleset al. (2007) concluded that there were high establishment costs for both systems,
finding thatmiscanthugproduction is more expensive than SRillow productions, due

to annual harvesting costs compared to every three yearSRiflwillow, and having a
shorter lifespan. However, they state that on a dry matter basis, due to generally higher
yields inmiscanthugompared to SR@illow they are comparable. Further indicated that
with SRCwillow, chipping and drying incurs high@osts than chipping and using the

chips wet, suggesting that the drying processes is a critical fag{or

Stjepanet al. (2017) performed and economic analysis SRC production in igi€mand

used NPV andhternal rate of returnliRR), theexpected compound annual rate of return
that will be earned on a project or investmi@&t], to assess the viability of SRC using a
discount rate of 7% and varying between 5% and 10% for sensitivity an using the
production values for atga plantation area, extrapolating t6d0ha with a potential yield

of 42,000 tonnes per harvest cy¢B2]. Stjepanet al. (2017) found that the with than
increasing discount rate applied the NPV declined, however they determined that over the
course of the plantation the NPV d¢de $4,328,00CAD with a discount rate of 5%,
dropping to $219,000 with discount rate of 10%. Their conclusion was that for energy
generators seeking to use SRC willow, there is potential, however there needs to a
comprehensive financial analysis ahere has to be sufficient dippnt capital available

to establish an SRC Plantatif82].

Schiberna, Borovics and Benke (2021) evaluatedetomomics of SRC plantation in

Hungary, focusing omoplar, they similarly took anet presentvalue g@proach but also
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included a mean annual net income (MANI) and looked at the variation between a high,
medium and low yield, yields were based an experimental plantation in the northern region
of Hungary and obtained through personal communication, théingamethods were
based upon literature sourd88]. Schibernaet al (2021) found that to achieve a break
even point, there had to be at leasD@T/halyear, however with the inclusion of 75%
establishment grants the breaken point can be 5 to@DT/hal/year, however there were
currently no subsidies available for SRC production, thezdfair view was that SRC

production will be limited in Hungar|d3].

Fuerteset al. (2021) conducted an economic overview of SRC production in the
Mediterranean ragn, with economic analysis based on the use of Net Present Value.
Fuerteset al.(2021) found that the biggest impacts on profitability and thus viability related

to land rental costs where it could range from $0 to $800/ha and the cost associated with
irrigation due to the dry climate found in Mediterranean regions. The based their analysis
on a cut and chip system, finding that the NPV after twelve years could range between
$1,500 and $1350/ha and will predominantly influenced the woodchip price and

achieving acceptable yielfi34].

A large proportion of the economic evaluation research papers reviewed either cite the need
for improved subsidies for SRC production due to make SRC financially viable. In a study
by MolaYudego and Pelkonen (2008), they evaluated fomeight hundred and ninety

one SRC willow plantations between the 19861996 period within SwedenTheir

conclusion was that during this period where there were significant subsidies available,
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SRC production thrived; however from 1996, when thbsklies were reduced (in
conjunction with new CAP regulations), the expansion of SRIw plantations ended

[37].

Research conducted by Spiegehl. (2018) found that SRC adoption amongst farmers i
limited due to the high establishmeharvestand removal of SRC. The study aimed to
evaluate different policy options for increasing the financial viability of SRC through, 1)

the implementation a guaranteed price, 2) a price floor (minimum pricid)),
establishment subsidieand 4) ecological focusareas (This is an EU specific program
similar to setaside programs. In this instan&@o of a farmeis land should be turned over
foro6rmel | dingd which can include SR&€QYJseof The
guaranteed pricing and minimum pricing would be ineffective in increasing the uptake of
SRC production, however the use of effective subsidiesearadogical focus areasould

act as drivers to increase product|3A].

Review of available economic literature on the production of SRKDOw clearly
demonstrates that for successful production, notwithstanding acglolitill for SRC
production, there needs to,lg effective selection of high yieldingillow varieties, 2)
production on suitable land or the application of effective soil amendments or use of
fertilizers to achieve suitable yield3) short transporteitn distances from plantation to
enduser, 4) biomass prices that are comparable or better than other agricultural or
horticultural crops, and 5) available and effective subsidies for establishment costs and

general subsidies for biomass production. Séveradies also state that the financial
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success of SR@illow plantations is often sitspecific and can be linked to the proximity

of plantations to the endker.

The common theme through all these papers focuses on how to makeilBRC(or

poplar) financially viable and is set in areas where there is, or was, limited to no production
of SRC, withal of these economic evaluation studies are based on a single year
establishment method followed by a twehto to twentyfour-year lifespan oflte SRC

willow plantation therefore do not take a staggered approach toMR®@ plantations.

Basing production on a single year establishment, regardless of planting area, while
providing a very useful analysis of how a plantation performs and theiassbcosts,

does not account for the need to provide a biomass facility withoyegear biomass
feedstock. These other models have also taken the approach of basing their analysis on
total combined area to be prepared (e.g. plowing) and planted wibhalutting whether
different fields require different levels of preparation. Using a total combined area is highly
suitable when considering the planting process as there is a requirement to have the willow
cuttings planted as quickly as possible, to mise labour costs or refrigeration costs as

the SRGwillow cuttings are required to be chilled prior to planting to ensure viability. The
other challenged faced by all studies is that there is still a lack of data to verify the results,
this is an area wdre future work should be conducted and will be particularly important in

the future for Nova Scotia.
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3.6 Spatial Analysis of SRC  Willow Production

Spatial analysis refers to the use of geographical data relating to factors affecting
production of a iyen crop this often includes: soil type, soil quality, water table, slope and
elevation and other factors including rainfall and temperature. Based upon sample data
sets of known crop yields on known field parameters, spatial analysis aims to extgpolati
this to a largearea,giving a theoretical overall yield for a region. Suitable and accurate
spatial data is vital to achieving a good model as is having enough crop production data for
the specific area being evaluated, where this is not availalslenécessary to use good

secondary data from the literature to approximate potential yields for a given area.

Typically, spatial analyseaim to determine, theoretically, how much of a given crop could

be produced on selected land or under various scenarios, these exercises are not necessarily
aimed at determining the economic viability of production or evaluating the logistical
aspects gproduction buaim more to demasirate what could be achiev&patial analysis

is a useful tool for policy and decision makers as they provide useful insight into what may

or may not be possible for any given item or system that requires land usglanfing

purposes

Aylott et al. (2008) aimed to evaluate the spatial supply and potential for various SRC
poplarandwillow varieties within the UK. The study used data gathered fasty-nine
trial sites throughout the UK and aimed to extrapolate tblel ylata to determine yield

productivity and potential energy production potential across the UK. In the evaluation,
28



the study undertook detailed soil samples offaily-nine sites and compared these to
various national soil datasets for the [89]. Temperature and rainfallereevaluated at

each of theforty-nine sites and biomass yield was determinédsing these datasets in
conjunction within soil, temperature and rainfall datasets, an empirical model was
developed to create yield maps. ®hely considered all available land with some minor
exceptions and aimed to identify the best areas for prasuasing a hotspot analysis.
Using all available land and not factoring in other crop production systems, based upon the
three highest yieldingultivars of SRCwillow grown at the timedultivars including;
Trichobel, Jorunn and Q83) it was estimated th@ UK could produce 12.Gnillion

ODTl/year planted on 1\ ha

In a similar study to Aylotet al, Bauenet al.(2010) utilized yield models faniscanthus

and SRCpoplarandwillow and used GIS data including Agricultutahd classification
(ALC) datasets which categorise agricultural land into five grades of suitability for crop
production:grade 1 relating to excellent agricultural land and grade 5 being poor for
agricultural production. The ALC takes in to account the level of yield expected, the
consistence of yields yean-year, the cost associated with obtaining (harvesting the crop)
and the flexibility of the land to produce a range of different crops. Beiu@in(2010)
utilized the datasets from Aylogt al. (2008) and Richteet al. (2008) and the ALC data

to create unique parcels of land and to refine the model for identifying the production

potential for bioenergy across England and Wpl8§
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Bauenet al. (2010) focused on selecting the highest yielding crop for any given parcel of
identified land, the results identified the potential of iflion ODT/year in biomass
production, withSRCwillow as being suitable for 53.7% ohld evaluated. With regards

to the use of models success; it builds upon previous work conducted by other researchers,
however the authors state that there are uncertainties within the model due to data gaps in
areas including real drop production data armte upto-date climate data to better reflect
potential yielé [40]. The authors conclude that while there could be significant land
availability, for SRCwillow, poplar or miscanthus to be widely adopted within the UK
there needs to be a stronger economic case, political drive, financial incentives and

significantly more research into productigi®].

Kajbaet al.(2010) aimed to evaluate the potential for short rotation coppice production in
Croatia using a spatial model accounting for characteristics of soil type, soil quality,
stoniness, slope letlgand elevation, to determine potential yields and land suitability, in
addition the model further took in to account current agricultural land utilizgtign The
research identified the potentialrf61,200ha of forestry land that could be utilized for
SRC production and 617,00@of agricultural land, producing a theoretical 470, 200 and
7,404,0000DT/year, however by removing protected sites from the assessment and
removing areas where productig not technically viable, theoretical production was
reduce to a 430,00@DT/year from forestry land and 2,827,8@DT/year from

agricultural land41].
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Kajba et al. (2010) conclude that while there is a considerable theoretical potential for
producing energy crops, the small amount of SRC produced in Croatia is not likely to
change without thevailability of subsidies and incentives, effective and sustained political
support and a change from current biomass policy, the lack of knowledge about SRC and

production methods and a distinct lack of cooperation between different stakeptildlers

Fiorese and Guariso (2010), based in the EfRibbanagna region of Italy, developed a

spatial model using spatial datasets focusedLptand suitability with the parameters of

soil quality, slope, elevativand soil texture and excluding land that would be considered

to be impractical for production (field size),|ahd availability; taking in to account current

land use with the aim of not utilizing land that is currently used for arable cropping and
pastr e due to Italyés close | ink teconomigr i cul t

consequenceg?2].

The parameters set for land unsuitability for SRC produatidndedaltitude over 750n,
field slopes of 20% or greatexil containing a high level of stoniness, limited upper soll
layer and precipitation below 700m peryear. Factoring in land suitability Fiorese and
Guariso (2010) identified 970,10 suitable for production, however factoring in land
availability, this is reduced to a potential area of 11 }3€uitable for SRC production on

marginal land (plus an ddional 18,30Chafor sorghum on setside land}42].

Fiorese and Guariso @20) concluded that while it would be possible for farmers to

produce SRC on marginal land within the region given the available market price (at the
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time this $10&onng, the payback was approximatdturteenyears, however this could

be reduced téenyears[42]. Fiorese and Guariso (2010) further state that if incentives
were &ailable for both energy conversion technology (biomass to energy) and for biomass
production, might be effective, however given the different administrative bodies for
subsidies being different and the typical timeframéwaf years for a typical natiohand
regional government, this seems like an unlikely scenario. The authors cite this as one of
the key reasons for a lack of SRC production within the region. In addition, within the
region there is an lack of biomassenergy systems; reducing the nket need for SRC
biomasd42]. In reference to the model used, Fiorese andri€@u§2010), identify it as a
useful model for policy makers and decision makers, citing the importance of incorporating

land availability within the model to provide more likely and viable-veatld resultg42].

Taking a similar approach to Fiorese and Guariso (2010), Abolina, Volk and Lazdina
(2014) evaluated SRC production in Latvia using a model based on land availability and
land suitability[43]. Of the2,352,159 ha of agricultural land in Latvia, the model identified
261,71 ha of agrictural land suitable for SRC production based on having available
parcels of land that are greater thana? are within km of a suitable road network and
considering only marginal land. The model did not account for yields, however based upon
SRC growthtrials in Latvia, it is estimated that yields of between 7 an®@Dd/ha/year

could be produced; giving a theoretical total yield of 1,584,856 to 2,260080year

[43].
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As with other studies, Abolina, Volk and Lazdina (2014) state that while this is a theoretical
estimate, therera a number of factors that will impact the viability of SRC production in
Latvia, 1) technical and infrastructure capacity, 2) market availability for SRC, 3)
production knowledge, and; 4) the ability or willingness of potential producers to view

SRC as aiable crop.

Other studies recognise that there is a need to evaluate SRC viability in relation to potential
biomass endiser location, where an identified easer, in the form of biomags-energy

power generating facilities, would make SRC produrctimre viable due the likelihood of
long-term supply contracts. Voeds al.(2013) undertook hotspot analysis focused on the
Campine region of Belgium (focus on contaminated SRI©w) focused on determining

optimum production areas abased on tranggiort distance to thenduset

Reviewing theresearch results for spatial analysisere is a common approach to
evaluation; the use of land suitability factors ranging from soil type and quality, elevation
and field slope or gradient, stoniness, wategilability (in ground and rainfall), minimum

field sizing appropriate for production and in later stufBés 35]; add in land availability;
focusing on marginal land. By focusing on marginal land, this reduces the conflict of using
highly productive agricultural land better used for crop production and incentivises the use
of land that may otherwise remain-used. As with the review of the economics of SRC
willow, a number of authors put forward conclusions that while there is potentially
available land in all of the countries reviewed there are significant barriers present;

critically economic barriers through laof effective subsidies or adequate market prices
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to make SRC viable for potential growarsdthere being a lack of strong political will for

SRC production.
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CHAPTER 4 METHODOLOGY

4.1 Policy Review Methodology

Part of thechallenge facing the biomass industry is in ensuring adequate and sustained
supply of biomass, which requires the uptake from farmers and/busagesses. To
understand potential production barrjesisreview of barriers and challenges facing the

producton or agricultural energy crops, with a focus on (SR{llpw was undertaken.

Utilizing database search functions, key search terms were input based upon defined
par ameter s: Afenergy cropso, Abi omass energ
database provided a numerical value of results based on the search parameters. Based upon
the number of results, additional filtering was applied to narrow the search results and
remove articles with materials not deemed to be as relevant. Relevant arédlesse that

are specifically focused on barriers or challenges.
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Advanced Search Function

v

a TS=(Biomass*Barriers®)
Search Parameters ki = 481
Biomass Energy 'L
.|  TS=(Biomass* Policy* Barriers®)
Energy Crops [t =30
Biomass ‘L
«  TS=(Agricultural Biomass* Policy* Barriers®)
Barriers it =5
Challenges ‘I'
| TS=(Agricultural Biomass® Policy* Barriers® Not Biogas)
L =4

v

| Review of Articles I

Do arficles provide insight in to barriers?

v

| Suitable Articles I

=3

Figure4.1: Policy barriers review methodology.

Articles were reviewed to identify production barriers to agricultural biomass with a focus
on SRCwillow. A secondreview was conducted to identify the activities and initiatives

in eachprovince within Canada to identify their status in relation tazatiion of biomass,

with a focus on agricultural biomass for energy generation. This stage assessed several
criteria, including what levels if any of education, funding, research and development
progress or opportunities were available in each provindd, avifocus towards SRC
willow. The purpose of this was to provide an overview of best practices, particularly
initiatives and activities, to identify where success is being achieved, determine relevance

and how/if any of these practices or processes dmiichplemented in Nova Scotia.

36



4.2 Land Capacity and Economic Evaluation Methodology

In determining the economic viability of SR@oduction, there needs to be a clear
understanding of the reasoning behind exploring SRGw production and utilizatio,
the most commoreasongor productionarefor selfuseor to sell toan existing or planned

energy generating facility

Regardless of the reasoning behind exploring SRIGw production there needs to be a
clear understanding of the various production factors involved inV@R&v production

and informatiommustbe available on whether there is available land for produ&ioatial
information forms a key part in the economianalysis through the requirement of
identifying biomass production catchment zones, identification of facility or site locations,
evaluation of field conditions and evaluation of financial costs in relation to field to facility

transportation costs.

To determine the potential effective production capacity of SR©w in Nova Scotia,
there needs to be an understanding ofateslability of agricultural land for production
andpotential yields based upon select field characteristics. Having idemiiése factors,
production of SR@villow for biomass will be influence by the location of potential energy
generating facilitiesHaving determinewhetherthere is sufficient land and whether there
aresufficient yield estimates, an economic analysistniwesconducted to determine the

financial viability.
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4.3 Biomass Decision Model

Biomassuserscan be defined as those who use, or intend to use, biomass, for the purposes
of producing electricity, heat or combined heat and power (CHP). Users origdaisets

can range from dedicated energy producers to existing businesses with electrical and heat
demands (processing facilities, farms, municipal buildings, colleges and universities, local
businessgs Biomasauserswill have a number of clear objeetis they will wish taneet
however,some objectives may be more important than the others, Zahbeovides the

key objectives and decision variables for a biomass user.

Table0.1: User objectives for SR@illow.

User Objectives and Decision Metrics
Objective Decision Variables
Obtain available 1 Can SROiomass be produced within a specified rang
biomass
Reduce Expenditure § Is productioneconomically viable
on Biomass 1 Is SRC willow production and utilization more/les
Feedstock economical than traditional biomass fuel sources

The decision pathways and considerations that need tortséderedorior to evaluating

the economic attrasteness is presented ifgEre 42.

38



Initial Data
Location
Land Availability
Financial Details
Fagcility Information

Biomass User

[

Current
Facility

Initial Data
Location
Land Availability
Facility
Information

Information
Review

Biomass

Proceed to Current
Facility Node to
Evaluate Ag-

Basic

Process

Economic
Analysis

Process
Economic
Evaluation

Process
Economic
Evaluation

Production
Options

Detail

Options

Economie
Viability

Information
Bank Data

Initial Data
Size/Capacity
Feedstock Process ]
Process Is the Location Options Spatial Fuel Mixture
Transport Known Location Analysis
Infrastructure Financial Data Set Ratio
Process Location Identified
Avallability [ Options Location Process Range
of Land p Calculated Selector Set Range
I ¥ Range
[ Evaluation of
Process Determine Local
. : Process
Available Grid Location A?r:ig:ﬁis Spatial Biomass
Capacity y Calculated Analysis available
Information Range within range
Bank Data
Data Requirements
Saocial met Fi ial
j nancia
Licenca Ranking Based " System [ Yes ] [ No
Upon Set Data
Priorities/Criteria

Production
Options

PROCESS
RESULTS

Economic
Economic Lease and
Viability ‘ Contract ‘ Produce
Process Process
d Spatial
Env::g;;nc?mal Analysis

Figure4.2: Decision pathways/considerations for a biomass user
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Figure4.3: Biomassproducer/user pathwayodel: stepone

Step one of the pathway defines the key consideration in determining iW8R®@ is

viable based upowhetherthe location of the existing or proposed biomass system is
suitable. Having a suitable biomass system, the system operating requireradntsbee
determined (Figuret.3). Based upon system requirement and operational constraints
(financial, maximum sourcing distance and land leasing options) and a financial analysis
to determinewhether SRC willow is economically viable for the biomass ®ys.
Alternatively, the location can be defined as a central location for production, followed by

land availability analysis and financial analysis for production only.
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Figure4.4: Biomasssystem andand availabilityanalysis model.
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Figure 4.4 displays the information needed to identify the requirements of the biomass
system and identifies the estimated biomass consumption of the system. This is used in
determiningwhetherthere is adequate land available based upoardistrestrictions and

estimated production based on land type and land class.

Table0.2: Spatialinformationrequirements.

Data Type Data Use
Location 1 Identifieslocation of user/producer
Land Availability 1 Identifieshectares available
Land Types 1 Rotational land and inactive land
1 Field-to-field proximity
Land Suitability o Landclass
o Soilclass
0 Stoniness
o Watertable
o Slope
Provincial Map {1 For placement dfocation
1 Tofindlocation
RoadNetworks 1 For determiningoadtransportatiorcosts
1 Field toroadproximity
Potential Yields {1 Estimatedyields based upokandsuitability
1 Estimated yields based upon known varietal yields
1 To allow forlandrequirements
Grid Capacity and | 1 Identify location for biomass system
Locations

Table4.2 provides the key information required for to determine potential land capacity

and potential yields at a given location.
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Figure4.5: Distanceanalysigspatialanalysis.

Figure4.5provides a diagram of the steps taken after an analysis of distance has occurred
and what parameter have to be met to ensureVR®v production levels are acceptable
before an economic analysis. Based upon the requirements of the biomass system and
achieving a theoretical estimate of potential yields within the distance restrictions an
economic analysis can be conducted. Figdrésp 4.12provides diagrams of each sub

model of SRGwillow production costs and considerations.
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Figure4.7: Cropestablishmensub-model.
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Figure4.11: Harvestingsubmodel

46



Field Information

Field Evaluation

Storage
Location

Jv Labour Costs

Transportation
Costs

Equipment and
Operation Costs

End User
Location

Figure4.12: Transportatiorsubmodel

4.4 Model Variables for  Site Specific Economic Analysis

The financial decision model comprises of severalmmobels, refletng the biomass
supply chain, each of the satodels is concerned with a differing aspect of the production

supply chainThe section below providexamples of formula used to calculate costs.

Field area

This part of the model allows for the input of individual fields, and the application of a
buffer zone area not to be planted), this can either be defined as set areas or it can be as a
percentage of the field. Fields typically always have a buffer zbaesize of buffer zone

will be different for each field, but will always be included, these can be areas where

machinery needs to turn, it can belsatk from field boundaries, from water courses, or a

a7



particular part of a field may not be planted duslépes or other land features that would

prohibit planting.
Y YO EO
YO O fp O
@) @) O @) O
Or;
@) O
Where:

Thiarea = total planted aregha)
Trpra = Total individual field area less buffer zo(re)
Fpra = Individual field aregha)

Fprbz = Individual field buzzer zonéxb)

Land preparation per field

This part of the model allows for the input of variable relating to the land preparation of
SRCwillow. Land preparation is broken down into each field, it is applied to each field

and not to the overall O6pl ant i Thgéllownsfora t o
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multi-year planting procedures, where associated costs or practices may vary. Not all fields
will be required to have all the activities conducted. Bringing in inactive land or land that
has not been used in a year or two will requigererpreparation, i.e. subsoiling, than land

that has been in continuous production. There may be a need to apply a soil amendment
during the land preparation phase, this could involve the application of composts or animal
manures to increase the nutrieatue of the soil or improve the soil condition. Each of

the procedures (e.g. plowing) is calculated upon based upon field area, operating time, and

costs associated with labour, fuel and rate of procedure.

Where:
LPc = Land preparationost ($)
LP: = Crop removal if necessary
LPr = Herbicide application
LPs = Subsoiling
LPp = Plowing
LPq = Discing
LP; = Tilling
Napp= Nutrient Application
LPpcc = Planting cover crop

LPrec T Removal of cover crop
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Example ofplowing

00 YO zOwzd  "0z°0z b z°YO

Where:
LPp = Land preparation plowin()
TFpra = Total individual field area less the buffer zone (ha)
FW; = Farm worker hourly pay rate ($)
Pr= Plow rate (ha/hr)
r = Fuel consumption rate (L/hr)

Fc = Fuel cost ($/L)
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Example ofherbicide:

00 “YOz20nz002'0202°02°0

Where:
LPr = Land preparation herbicide application ($/field area)
TFpra = Total individual field area less buffer zone (ha)
LPnr = Land Preparation herbicide application rate (ha/hr)
FW: = Farm worker hourly pay rate
Hq = Herbicide quantity (kg/ha)
Hc = Herbicide @st ($)

r = Fuel consumption rate (L/hr)

Fc = Fuel cost ($/L)

Planting cost

The planting process is not on a per field basis but for the total planted area. This is to
minimize time associated with refrigeration of SRC willow cuttings and the ngadrb
the cuttings as soon as possible. Planting will occur in years two, three and four. This is

for one year of planting.

<
c

A
C-
c:
c2
cA
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Where:
TP = Total Planting Costs ($)
Pm = Planting material, SRC willow equipment c¢®}
Psc= Tractor with planter cost ($)
PL. = Planting labour cost ($)

Padd = Additional costs as a percentage of the total

Tractor planter costs

C2
Q
B
®

Where:
Psc = Tractor with planter cost ($)
Fr = Planting Fuetonsumption rate (L/hr)

Fc = Planting Fuel cost ($/L)

Planting labour

There will be a different rate applied to the farm worker who will be driving the tractor and

directing the operation. Labourers will typically be paid a lower rate and will likely be on

a shoriterm contract involving in the planting only process.

00 ©20 zY 2z '00z0mz"Y
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Where:
PLc = Planting labour costs
Lnw = Number of labourers for planters
Lnr = Labour Hourly Rate
FW: = Farm worker hourly pay rate

FW, = Farm Worker Number

Time Planting

Where:

Tptime = Total planting time

Prate = Planting rate

Tpiarea = Total planted area
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Planting Material

The planting material encompasses the number of cuttings required per hectare and

refrigeration storage of the cuttings.

Planting material andprocess

Where:
Pm = Planting material, processing and equipment cost
Pc= planting cuttings ($)
Pq = Planting density (number)
Pret = Refrigeration truck cost
Prett = Additional time for refrigeration trucksbove planting time.
Tptime = Total planting time
Pqt= Additional days to have the refrigeration truck
Prefiud = Refrigeration fuel cost (I/hr)

Tpiarea= Total planted area
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Harvesting Costs

Harvesting is a function of labour costs, timelpectare to harvest and time not harvesting.

Harvest time

Where:
Htime = Harvest time
Hr = Harvest raté known rate of the harvester (ha/hr)
Hnn = Percentage time not harvesting (maintenance, end of row turning)

Tpiarea = Total planted area

Harvest Labour Costs

Harvest labour costs includes workers, machinery costs and fuel costs. At minimum there

will be two farm workers, one driving the harvester and one driving a tractor with wagon

(two to ensureontinuous harvesting).

‘A 0'06z 0620 0 z0 0 20

0 20 z'0 20
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Where
HL. = Harvesting labour cost
Huac = Harvester (number)
Hwag = Harvest wagorinumber)
FW: = Farm worker hourly pay rate ($/hr)
HFW, = Harvest Farm Worker Number (number)
Htime - Harvest time
Huaciuel = Harvester fuel consumption rate (I/hr)
Huactr = Harvester fuel cost ($/1)
Hwaguei= Harvester wagon fuel consumption rate (l/hr)

Hwagtr = Harvester wagon fuel cost ($/1)

44.1 Model Outputs

The model output comprises of key financial information common with economic models
and used in the methodologies used by those from the litefa8,der, 19, 21, 24] as being

the most useful foeconomic evaluation; IRR, NPV, and graphical representations of cash
flows and cumulative cash flows. Thealysis further provides a cost comparison against

other biomass feedstocks.
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The model providefve financial scenarios:

Realistic casethis uses average costs and revenue projections.
+59% case: Assumes a 5% reduction in costs and a 5% increase in revenues.
+10% case: Assumes a 10% reduction in costs and a 10% increase in revenues.

-5% case: Assumes a 5% increase in costs and a 5% denremassues.

= =/ =4 4

-10% case: Assumes a 10% increase in costs and a 10% decrease in revenues.

Internal rate ofreturn
Internalrate ofreturn (RR) is a forecast of what the predicted rate of growth is for a given
project and what expected to generate. In this model it identifies the expected financial

growth of SRGwillow production over &wenty-four-yearperiod.

OYYOlOow B — 6 TKN

Where:
Ct = Net cash inflow during the period%)
Co = Total initial investment cos($)
r = The discount ratéo)

t = The number of time periodgear)
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Net presentvalue

Net Present ValueNPV) is a method used to determine therent value of all future cash
flows generated by a given project and includes the initial capital investment. It is used to
determine which projects are liable to return the greatest padfén comparing several
options

00w ————27) 1 EDIEAAOCOI AT O

Where:
‘(x Discount rate or required return

0= Number of time periods.

58



4.5 Methodology for Land Capacity Analysis

The most common method of, as found in the literaf8@e 31, 32, 33, 34, 35, 36,
determining the potential for SRC production and estirgédtmeoretical yields is through

the use of land suitability and land availability data sets and ascribing potential crop yields
to each parcel of land based on a defined rating system in relation to land suitability
characteristics. One of the reasons thase models are used is due to the type of available
data which is predominantly soil surveys (often historical) and land use data obtained
through either dedicated surveys, regional or national agricultural programs that track land
use or through lartolding data. Yield data, where it is used, is often derived from trial
plots and in some cases commercial data; where commercial or trial plot data is not used,

researchers are inclined to use data from literature that is most relevant to their locale.

451 Data Sources Used for  Land Capacity Analysis

The following data sources were used to deterniama& capacity, availability and

suitability of land and to determine the potential availability of biomass at a given location.
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452 Agricu ltural Land Identification Program

The ALIP program was designed to categoriz

use function Long-term land use that would indicate crops such as blueberries or
raspberriesyineyardsor apple orchardsptationd land that would indicate crops such as
corn, wheat, vegetables; support land that would indicate processing facilities or farm
equipment dealershipsind; inactive land that indicates that it is not currently being
utilized. The ALIP project was firstngdertaken in 1997 and has been periodically updated

since. Figuret.13provides the breakdown of agricultural land use within the province.

While the ALIPdatasets being used as a reference point for the developmetesision
making tool, thisdataseis dated, therefore an #p-date expansive dataset would show
the potential risks and rewards in investing in either the production or utilization of
agricultual biomass with greater certainty. The provineeddo develop an updated land
inventory as the previous 1997 agricultural land inventory project (ALIP) (FigW®

may not reflect current land availability including location of land within the poayiland

parcel sizes and current agricultural land usage.
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Figure4.13: Agriculturallandusein Nova Scotia

4.5.3 Canadian Land Inventory

The Canadiahandinventory (CLI) dataset covers illion km? of Canada and provides
an assessment of land quality (capability) of agricultural, foresiiglife, and recreational
land. The data was collected between 1960 and early 19&@ige the data is old,
according to the Canadian Soil Information Sery#4 the data is still valid and is used

in many Canadian jurisdictions for planningposes.

The CLI has categorized the land into seven classes and thirteen subclasses, the Classes
have been derived from several different factors including capability of mineral soll, type
of soils management of land, improvements needed and limitaiidrazards. Tablé.3

shows the seven different classes in the CLI dataset used in the project.
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Table0.3: Landcapability classes

Land glzzzb”'ty Terminology
1 No significantlimitationsfor crops
2 Moderatdimitationsfor crops
3 Moderatelyseverelimitationsfor crops
4 Severdimitationsfor crops
5 \Very severelimitationsfor crops
6 Perenniaforagecropsonly
7 No capacityfor crops

454 Detailed Soil Survey

Produced byAgriculture and AgrFood Canada detailed soil surveys (DSS) for each
province have been conducted sineesion3de 197
being in 2010 (mi nor (4p].dThetdetailedfsurveys lodk R0 6 s s
significant number of different soil factors including, slopes, stoniness, water tables soil

types and drainageData used is presented in Tablleéto 46.
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Table0.4: Detailed soil surveyslope classification

Slope (Degrees) Terminology

0.33.0 Nearlylevel tovery gentleslopes
3.05.0 Gentleslopes
5.08.5 Moderateslopes

8.516.5 Strongslopes

16.524.0 Very strongslopes
24.0> Extreme tovery steepslopes

-9 Unknown

Table0.5: Detailed soil surveywatertableclassification.

Water Table |Terminology
YB \Watertablealways present
YG Watertablepresentduring growing season
YN Watertablepresentduring non-growing season
YU Watertablepresentduring unspecifiedperiod
NO \Watertablenot present

Not applicable
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Table0.6: Detailed soil surveydrainage andtonines<classifications.

Drainage | Terminology Stoniness | Terminology
VR Very rapidly drained 0 Non stony (<0.01%)
R Rapidlydrained 1 Slightly stony (0.001-
0.1%)
W Well drained 2 Moderatelystony (0.1-
3%)
MW Moderatelywell 3 Very stony (3- 15%)
drained
I Imperfectlydrained 4 Exceedinglystony (15-
50%)
P Poorlydrained 5 Excessivelystony (>50%)
VP Very poorly drained - Not applicable
- Not applicable
455 Nova Scotia County Boundaries

The Nova Scotia County Boundaries data provides the shape of Nova Scotia and marks the

boundaries for each County within the Province.

456 Biomass Facilities Location

The biomass facilities locationdable 47) were determined based upon thegwsed
address for each facility, the coordinates for each locateeidentified and a new point

layer was created displaying each site.

Basic information was obtained for each of the five bionfasgities: location and
generating capacity. The quantitgrfnes/year) of SRC biomass required for each facility

was determined based upon the total MWh of electricity produced per yearssuamed
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Capacity Factor (80%) and the known energy content of 86w pertonne (13.2

GJtonne).

Table0.7: Proposed Biomass Facilities.

Generating Capacity | Estimated Tonnes
Name Capacity (MW) | Factor | MWh/Yr GIT Required
Bedford 11 0.8 77,088 | 27,5314 | 20,857
Devebpment
Bowater 3 0.8 21,024 | 75,086 5688
Development
Kentville 6 0.8 42,048 15,0171 11,377
Development
Minas Basin 10 0.8 70,080 25,0286 | 18,961
Development
Sydney 6 0.8 42,048 15,0171 | 11,377
Development
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The following steps (Figuré.14) were taken with the data sets to determine land capacity

and to determine availability of biomass to a given location.

Select inactive land from ALIP layer using SQL
_ N7 _
Creat joins between detailed soil survey and coresponding database tables and CLI and
corresponding database tables
Use intersect with inactive ALIP polygons on soil characteristics and land classification laygrs
\Z
Convert new polygons of land features to raster
Reclassify each raster layer selected attribute on to a scale’qelg. slope) or create a new field
and assign a value of7lfor each selected attribute (e.g. drainage)
\Z
Perform weighted overlay Aanalysis using raster layers creating a new Ryigbility
\Z
Assign yield values based upon weighted overlay classification to suitability layer
\Z
Convert suitability raster layer to polygon (labelled land suitability)

\Z

Perform table operations for calculating polygon areas (hectares) on land suitability layer
A4

Perform hotspot analysis
\Z
Create buffer zones for each biomass facility at 25 km, 40 km, 50 km and 60 km
A4
Select polygons within each buffer zone
\Z
Using statistics determine tonnage produced within each buffer zone
A4
Produce relevant maps

Figure4.14: Geographical Information Systemogesssteps for determing land

capacity
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457 Land Capacity Base Model
Themodelbelow (Figure4.15 was produced/run with added fields featertable anddrainage to allow foreclassification to

OocCcur.

Figure4.15. Spatial analysis for land capacity analysis model



4.5.8 Weighted Analysis

To identify field suitability, weighted overly was performed. Weighted overlay is a useful tool to
solve spatiamulticriteria problems including site selecti¢®9, 40]. Weighted overlay functions
through assigning values &ach of the different attributés eachlayer using a common scale.

This analysis used a7l scale with 7 being the most preferaatel 1 being the least. Table3

showsthe reclassification used.

Table0.8: Reclassification of Lan@apability Class.

Class

Land Capability

Terminology

Reclassified
Value

No Significant Limitationgor Crops

Moderate Limitationgor Crops

Moderately Severe Limitatiorfer Crops

Severe Limitationgor Crops

Very Severe Limitationsor Crops

Perennial Forage Crops Only

Nl WIN]EF

No Capacityfor Crops

Rlw|lhhlOO| NN

Having assigned values to each attribute in easterlayer, eachayer is assigned a weighted
values (with the total weighting summing 200 This then allows certain attributes to be
considered to have a higher impact than another layer, with the output being the result of the

weighted calculation. The output is similarly on a scale-6f With 7 being the most preferable.

Figure4.16shows thelifferent layers and how each layer was weighd&i41].
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Land Capability Class Slope Aspect Stoniness
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Figure4.16: Land suitabilityanalysisusing weightedoverlay methodology.

459 Hotspot Analysis

The purpose of thieotspotanalysis(Figure4.17)is to identify statistically significant areas where

close proximity occurs between polygons with high values. In this taséotspot analysis
identified fields with high suitability values (values 3 and 2) that are in close proximityeto on
another. Considering Figurel.17 below, looking at the top left of the image a number of the
polygons are red, and looking at the centre of the image the polygons are largely pale green or
yellow. This indicates that the top left has fields with higher suitgphiéiting and in close
proximity to one another than those in the centre of the image that are more dispersed and have a

lover suitability rating.
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Pictou County HotSpot Analysis Example

. . Legend
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Figure4.17: Hotspot Analysis of Pictou County

This data and data from the otlweuntiesweretaken and used to rank the different provinces in
terms of highest number of suitable sites that are within distance to one another and the quantity

of biomass availableThis data ipresented in Chapter 7

Biomass Facility Catchment Zones

To determindiomasdacility catchmentones buffers were created at 25, 40, 50 and®0) each
of the buffersandthe total tonnes per catchment zone were identified usirigybesttributetable
field statistics tinctionuntil the required amount of biomafes each facility was identifie{38,

41, 42]. This data is presented in Chapter 7
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CHAPTER 5 POLICY REVIEW AND DEVELOPMENT

The use of biomass for energy generation is consistently considered to be an important part of
formulating a welrounded renewable energy mix, with the majority of developed countries
havingdeveloped energyolicies[38, 39, 40, 41]. Many international biomass policies state their
intention of using biomass and in several instances setting out defined targets for biomass
production for direct energy generation utilizimgéistocks from both the forestry and agricultural
sectors. Globally, Europe has been consistently leading in the development of biomass policies
and setting targets for production. The United States has a range of differing biomass policies at
both the Eederal and State levels. Similarly, Canada has some biomass policies that focus on
energy generation from biomass, howevbese policiesareregarded as lagging behind other

developed countrigg6, 47, 48, 49].

5.1 The Purpose of Policy and its Applicability to Biomass and the

Bioeconomy

SRCwillow, an agricultural energy crop, and its production and utilization, is a small segment of
the larger biomass industry or theweconomy. To understand how to push SRC willow as an
energy crop for direct combustiowe need to understand what drivers influence the use of
biomass, what limiting factors there are that influence biomass usage and what type of policies or
mechanismsare being used to harness the potential of biomass energy and /or support a
bioeconomy. The bioeconomy refers to the economic and sustainable use of biological resources,

ranging from forestry products, agricultural and aquaculture products to orgatecsivaams, in
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a range of processes including energy generation, biofuel production, biochemicals or bioproducts,
the traditional uses of thproducts,forestry for pulp and paper or lumber, agriculture and

aguaculture for food production or the simple agement of organic waste streams.

Policy divers, defined as broadims set out by governments and organisations aedtlze
motivational factors that encourage change, develop new industdegaelopnew processg$8].
There are a range of different drivehat can, and do, push forwabibmass production and

utilization. The major drivers for the wider use of biomass can be attributed to:

GHG emissions and theenvironment: Greenhouse gas emissions reduction is a key driver in
developing the bioeconomy dmenewable energy. Both aim to reduce/aneliminate the need
for fossil fuels; with biochemical and bioproducts replacing fossil fuel derived chemical products

and renewable energy replacing energy production from fossil[&lS2, 53].

Stephen and WoeBohm (2016) argue that biomass is a 4GMG source of energy dncan
replace or can be emombusted, in the interim, with coal fired power stations, highlighting ten of
Canadabobs -firedrpowersplantsahatacould accommodate blended fuel (coal and wood
pellets) [62]. They further highlight, while recognizing that biomass in not carbon neutral,
provided biomass is continuously grown (trees replanted, SRC plantations maintained).that CO

will be sequestered, and hence patrtially offsetting emissions.

Pereira and Costa (20)Lsimilarly highlight the role biomass, includin@S has in cecombustion

systems as a way to reduce GHG emissions, however, highlight that due to the wide variability in
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biomass and environmental and climate conditions have on yield and combustioioureliag

difficult to accurately predict the scale of those reduct[d@s52, 53, 55].

The New Zealand Bioenergy Association (2018) assessed the use of wood fuel fa peates
purposes, replacing coal as the fuel so{dg Under a scenario, which included the Government
setting specific GHG emission targets for their heat market including; food and meat processing
plants, manufacturing, hospitals and correctional facilities, they estimate that a reduction of 1.3
Mt/year of CO2 eq emissions can be achigfé&d, while Jastadbt al.(2021) assessed the role of
woody biomass for the reduction of GHG emissions in the European Energy sector finding it a
option to contributedwardsreduéng GHG emissions anceducing thecosts for power and heat
production[61]. hornley et al. (2015), conducted a life cycle analysis of several bioenergy
systems, finding that overall rige-scale energy systems offer the best pathway to achieving GHG

emission reductions per unit of energy genergaétl

Contributing towards energy security. biomass energy generation, where biomass is sourced in
courtry can contribute towards providing sustainable and renewable energy, all of which seek to

reduce reliance on fossil fudh).

Thran and Pfeifferd017) state that biomass has an important role in the transition of energy
systems, from fossil fuel based to renewable, biomass energy systems, provide a local or regional
source of energy, negating or reducing the need for fossil fuels, while maintdiaifigxibility

and controllability of consistent energy generation compared to wind and solar[6jver
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Beilski et al. (2021) evaluated the importance of agriculture in creating energy security in Poland
finding that within Poland agricultural crops (including dedicated energy crops) are significantly
underutilized, with approximately 180,000 ha of inactive land which cqdditively impact

energy security, through supply of agricultural material for biogas prodyéfi¢pn

Developing a robust bioeconomybiomass is a vital feedstock, as part of a bioeconomy, whether
forestry products, agricultural and aquaculture products, or organic waste streams. Energy crops,
such as SR@villow can be one of those feedstocks available for use by thmdstry or fo

energy generatiofl9, 61, 62].

In reviewing biomass and biomalsased energy supply and demand for a growing bioeconomy,
Poppet al. (2021) found that over 50 countries have developed bioeconomy policies. Within
Europe, 59% of biomass is used for feed and food products, followed by bioenergy (21%) and
biomaterials (20%)70]. However due to the still heavy reliance on fossil fygislicy is now
geared towards energy production, predominantly biofuels antdasied chemicals (materials)

[70]. Poppet al. (2021) project that in the futurethe demand for bivased chemicals will
increase, suggesting that biomass for energy production will decline in favour of this as more

renewable technology systems are instdlféqd.

Szarkeet al.(2021) reviewed the biomass flow in the German bioeconomy, finding similaisres
to Poppet al.(2021) interms of biomass use distribution, highlighting, that agricultural growth of
SRC willow ormiscanthudor energy generation is dwarfed by that of forestry and that when it

comes to agricultural biomass production for energyeggtion, biogas and biofuels are dominant
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forms of bioenergy from agriculture and likely to remaii&ld. Musondeet al.(2021) conducted
aresource analysis study for biomass allocation in Germany and its role in the bioeconomy, finding
that on balance, while biomass should still be utilized for energy generation, thehismass

for biochemicals is likely to provide a greater saving in GHG emissions compared to its use in
bioenergy production, however highlight its short term importance in the bioeconomy and for

GHG emission reductiofy2].

Regional development The production of localized biomass,cimding SRCwillow can
contribute towards regional development, allowing farms dvusjnesses to produce it (or other
suitable biomass crops) for local consumption or to stimulate bioeconomy businesses to the area

[73] .

Will mer (2018), identified that due to the EU
2030[74], that there will be significant development growth in local and rural areas, especially
through agricultural biomass for biofuels and bioproducts and biocherfifé&glsLangeet al.

(2021), in reviewing circular bibased economies determined that biomass and bioenergy,
products and biochemicals will have a positive effect on not just local but regmramies as

production and business develop and dholut that there is a need for extensive knowledge

sharing to facilitate if76].

Employment creationi With regional development opportunities, employment creation should
follow. The Energy Technology institut€2018) highlight employment creatiomcluding off

farm specialists, labourerkgistic experts and tractorailer drivers but note the seasonality of

75



the work with more employment in the spring and fall seag@i$ With SRCwillow this may
be through farm businesses employing local agricultural workerbusigesses investing in

suppy chains, or new bi@conomy startip or existing businesses movingtmlocal area$77].

Hondo and Moriizumi (2017) evaluated the employment creation potential of several renewable
energy systems, finding that wood biomass and biogas systems had higher rates for direct
employment, especially aroungharations and maintenance, averadgimgr and a haljobs per

GWh of energy produced compared to solar, wind, geothermal andssrakdlhydro, which are

all less than three jobs per GWh produced. They further found that there will be a higher
percentage of indirect jobs in biomass based systems in @pegiati management areas compared
other renewable technologip&]. Similar results were also found by Tourkolias and Mirasgedis
(2011), and Flomost al.(2011),who both found that biomass based energy systems had a higher
potential for job creation through operation and maintenance and the supplpglsdicssystems

[79] [80].

5.2 Policy Mechanisms

There are a variety of different policies and tools that can be implemented when seeking to promote

change or encourage thewvélopment of an industry. Within the biomass industry or bioeconomy,

thesepolicies oftenareused todevelop a particular part of the biomass industry or economy and

as such are currently the limiting factor or Hwtleneckto development. This couktart with:
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1) Market development by building desire in the end user or finding end users, promoting the
values and benefits of using a particular biomass, or building awareness of a particular biomass

and its potential endse[74, 75].

2) A focus on trying to determine the viability of a biomass product or promote the production of
a particular biomass product; in essemgmg to limit production barriers. For example, focusing

on SRCwillow in theUK, Glitheroet al.(2013)[83] surveyedwo hundred and fortyour farmers

to determine their willingness to grow SRC willow amtscanthuswith 81.6% stating that they
would not consider growingniscanthusand 87.7% stating that they would not consider growing
SRCwillow. The reasons cited in the study determined that there were perceived negative land
impacts, the lack of access and affordability of appropriate planting and harvesting machinery, the
commitment of land longerm for production, the length of time until a financial return is achieved

and the uncertainty of profitabilifB3].

A similar study conducted by Warren al. (2016)[84] found that 33% of respondents believed
that SRC willow was not suitable for their farming practices or their land, 18% weocermed

about the longerm commitment of growing SR@illow and the subsequent difficulty in
harvesting and stummemoval. In addition, 13% respondent were concerned about the economics
of production and price uncertainty in selling SRC willow andaadpnts were further concerned
aboutalack of available land to dedicate towards production, the risk of field or drainage damage
and finally that there was no developed or competitive market for SRC willow products. Warren

et al. (2016) [84], found however that if financial incentives were available for planting and

77



establishment or if there were gsayments for a future crop, half of the respondents believed that

it would make the prospect of growing SR@low more favourable.

3) Assessing and/or developing supply chains from the harvesting to the transpaftatien
product to the endser, and; 4) developing or encouraging the uptake of the technologies or

conversion processes that would use the biomass processes.

Mechanisms that are commonly used include: 1) Financial incentives such as subsidiesttax cred

tax breaks, rebates, and grants are designed to encourage behaviours or actions that may not
otherwise occuf85], 2) Loan programs, providing repayable loans; allowing businesses, groups

or organizations, the ability to covetartup costs associated with a new enterpii®g], 3)

research mrgrams, while financially sourced, are designed to build knowledge of a particular
industry[87], 4) educationalprogramdor promoting the development of an industnproviding
knowledge on processes, values, and systems and b¢B&fitand5) establishment of working

groups or networksused to create links and partnerships between businesses, enterprises,
government and other relevant stakeholders with the aim of developing an in@hstmgview

here aims to identify and evaluate different barriers and policies other countries hvelateel

to the use of biomass for energy generation with a focus orm8iR& and energy crops.
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5.3 Barriersto Energy Crops and SRC Willow Development

A review of published papers assessing the barriers or challenges of utilizing agricudtaedd

for direct combustion or biofuel production (Tald) foundthirty-four papers that focus on
reluctance to produce biomass energy crops. The review focused primarily on European countries,
the United Kingdom, the United States of America and one in China. @fithefour papers
reviewed,seventeenncluded SRCwillow when assessing energy crop production barriers or

hesitancy of production.

Table5.1: Studies focused on the barriers to agricultural energy crop production.

Publications EC S& FR K R M& Inc. Ref
ROI SRC
Roszkowsk& SzubskaVg odar czy k X X X [81]
Bielski et al (2021) X X X [67]
Sherrington and M@an (2021) X X X X [89]
Weger et al (2021) X X X X [90]
Welfle and Alawadhi (2021) X X [91]
Yang et a(2021) X X [92]
Zhou et al (2021) X [93]
Zyadin et al (2021) X X [94]
Beer and Theuuvsen (2019) X X X [95]
Embaye et al (2018) X [96]
Helliwell (2018) X X [97]
Petrenko and Searle (2018) X X [98]
Secchi and Varble (2018) X X X [99]
Spinelli, Pari and Magagnotti (2018) X X [100]
Usla, Detz and Mozaffarian (2018) X X X X X [101]
Perrin Fulginiti and Alhassan (2017) [102]
Lindegaard et al (2016) X X X X X [103]
Lynes et al (2016) X [104]
Wang and Watanabe (2016) X X X [105]
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Publications EC S& FR K R M & Inc. Ref

ROI SRC
Warren et al (2016) X X X X X [84]
Zyadin et al (2016) X X X [106]
Gedikoglu (2015) X [107]
Caldas et al (2014) X [108]
Wilson, Gilthro and Ramsden (2014) X X X [109]
Alexander et AL (2013) X X [110]
Baum et al (2013) X X X [111]
Ostwald et al (2013) X X X [112]
Convery, Robson and Long (2012) X X [113]
Villamil et al (2012) X X X [114]
Jonsson et al (2011) X X [115]
Cocchi et al (2010) X X X [116]
Styles, THORNE, and Jones (2008) X X X X [117]
Jensen et al (2007) X X [118]
Nilsson et al (200) X X X X [119]

EC: Establishment Costs, S&l: Subsidies and Incentives, FR: Farmer Resistance (Land
Commitment and Cultural), K: Knowledge, R: Research, M & ROI: Market Access and Return on

Investment. Inc SRC: Includes SRillow in research.

Reasons identified for theesitancy or resistance to growing energy crops include issues around
the establishment coste(r papers), lack of direct subsidies or incentives to encourage production
(seventeemapers), lack of knowledge about energy crops including processes altkestent
(sixteenpapers), lack of market or Return on Investment uncertaiatyp@per$ and farmer
resistance which included issues related to theterrg commitment to producing an eneogyp,

i.e. length of time SR@illow would be in the ground or issues around the culture of growing

energy crops, i . e. Ait 1 s not t nireergapesn al 0 or
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Nilsson et al (2007), assessed why there was little uptake ofw8IR@ in Poland, and o the
region of Grudzi Ndz where there was an energy
generation. The results were that there were significant barriers including high establishment
costs, perceived low Return on Investment, lack of sulssidielear lack of knowledge around

energy crops in general and limited market for SRC despite suggestions that it could be utilized in

energy generation [39].

Jenseret al. (2007) surveyed Tennessee farmers in the US to ascertain their willingnesa to gro
switchgrass for energy production, finding that only 30% of farmers would be willing to grow
switchgrass, finding that the lack of a market and potential income, lack of knowledge and the

need for technical assistance. [38].

Styleset al. (2008) assessdethe viability of SRC willow in the Republic of Ireland, finding that
SRCwillow has a better economic case than miscanthus production, however there was significant
concern from farmers around the letegm commitment, establishment cost the lack of ekaeta

and the Return on Investment, they go on to suggest that subsidies and/or incentives as well as a

concerted education campaign may be the answer to stimulate produit#pn

Wanget al.(2016) evaluated the soettemographic characteristics affers of different income
levels, finding that those with low and middle incomes were resistant to growing biomass for
energy generation due to lack of knowledge and a high perception of risk, finding that subsidies
or incentives, in conjunction with edatton would be the mechanism most likely to help develop

the supply of agricultural biomass [24].
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Warrenet al.(2016) assessed the limited adoption of SRC in the United Kingdom found that while
farmers in general are not opposed to SRIOW productionthemselves, the majority of those
surveyed would not grow it as it is either; incompatible with their current farming practices or
desires and the risk of a loigrm commitment is too great [25]. Warren provided several
examples of where there is a mdrietlet from nearby biomass energy generating systems, farmer
apathy towards SRC willow production is high, suggesting that the two key policy needs to address
farmers uncertainty about financial risk, either through subsidies or the ability for fa\eloradpl

term purchase contracts and that there is still a lack of education

Lyneset al. (2016) evaluated the willingness of Kansas farmers to produce alternative cellulosic
biofuel feedstock found that only 44% of survey farmers were willing to plaetenpial energy
crop (grasses or SRC) finding that adoption is seen favourable if there are favourable contracts to

do so or longerm purchase commitment to their grown energy crop [23].

Yanget al.(2021) evaluated the likelihood of perennial energp gr@duction in the US Midwest,
surveying farmers attitudes towards energy crop production finding that 41.85 of farmers surveyed
believed that energy crops, including SRillow, have potential environmental benefits, yet do

not believe that there are exmic benefits, and this is what hampers wider adoption. They further
found that there is a definite need for education programs, the development of local markets for
any grown biomass and a guaranteed reasonable Return on Investment and without these the

production of perennial energy crops would stall [11].
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Roszkowska andZubskaWg odar c zy k (2022) evaluated t he
development in Poland finding lack of knowledge of biomass and information on the possible uses

of biomass, thaigh cost linked with establishment and production and concern about profitability.

The common thread here throughout these literature examples, from 2007, 2016 and 2021, is that
the issues around the widespread production of energy crops, including i8&¢ ky farmers

is that there is still a knowledge gaps where farmers (or agricultural landowners) are concerned
that inhibits their desire to grow energy crops, including SRC willow and that there is still a

concern around financial viability, whethérough subsidies or not.

A second common thread throughout these literature examples and from the review of publications
(Figure5.1), is that most of the studies have been conducted in countries/regions where there is a

presence of energy crop productitime issue is how to increase productions [40] [41] [42].

Focusing specifically on SR@illow production, the UK saw a drop in production area and
number of growers in 2019, with 2,233 ha producing SRC willow across 271 growers, down from
a peak of 2,96ha across 437 growers, the drop has been attributed to the clogionpoiment
subsides[42]. It should be noted that solid fuel biomass production is significantly lower than
crops grown for biofuel production in the UK with approximately 11,000fiveheat and 8,000

ha of sugar beets grown for biofuel production and 67,000 ha of maize/corn used in anaerobic
digestion [42]. Within Europe, data from 2019, 63,8@7f SRC willow and poplar and 54,494

haof grassy energy crops is in production for direombustion compared to 7.7 milliba which

have been utilized for biofuel or biogas production [43].
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This indicates that the production of agricultural biomass is focused predominantly on biofuel
production followed by biogas production with a small portion of agricultural land being utilized
for direct combustion crops such as SRfllow. Reasons for tki discrepancy may include:
traditional crops being readily and easily produced, known production methods, known market
value and a ready market [44] for the products, as well as significant push for biofuel production

atgovernment levels [4510].

A larger study on SR@villow production and SRC policy by Lindegraagtal. (2016), the EU
instigated a shcountry study regional study, called Rokwood, to evaluate the production of SRC
willow from an economic, technical and sustainability perspective. f@esignificant regional
difference between the countries in relation to climate and landscape and difference is management
and implementation partnerships, similar challenges were identified in developing and SRC
market[103].

In a comprehensive review of the barriers faced within the EU (focusing upsixtRekwood
participants), theraresignificant challeages relating to the lack of development of local supply
chains and markef86, 113]. A lack of available casfiow for farmers, a distinct lack of skill or
resources, lack of infrastruety lack of incentives, the requirement for a kegn financial
commitment from farmers and uncertainty with regards to supply and demand. In addition, there
are barriers caused by political decision, the competition for land, market competitiongakch

issues, and lack of education and informafid8].
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The Rokwood study identified a lack of educatias being a key barrier to the adoption of
agricultural biomasq96, 113 114] Finding not only that there is a lack of information relating

to the production, processing, and use of SRC willow, but in how SRC (andeagrgrycrops)

could make a positive contribution towards reducing fuel poverty by creating jobs and providing

alternative fuel sources.

All regions in the studtatethe need for developing and furthering research into $fGw
production includingthe identification of appropriate SR@illow varieties, and appropriate
planting, harvesting and management practices as well as a need for understandingténmlong
ecological benefits of producing SRC. Lindegraatdal. [103] puts forth that without more
research to develop the knowledge and disseminate informatgovesnmentsbiomass using
industriesand potential producers, the likelihood of prioritizing and developing new funding

streams for SR@Willow within Europe is unlikely.

All the regions involved in the Rokwood program identified the need for greater financial support
to develop an SRC mkat, with there being a need to lower the initial risk investment of planting
SRC and the risks inherent with having a ktegn established crop where there is uncertainty
around eneliser market§96, 113 114]. It was identified for individual growers, whether for-on
farm consumption or selling on the open market, that there will be negativimasiue to the
heavy upfront costs. In addition, producers will not see revenue until delivery which, if delivering
dried, will be in thdifth year of the establishment, pushing the risk of zero profitsyedi twenty

of production, due to the need festablishing plantations in three consecutive years to ensure

continued supply.
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All the regions stated the need for financial support from government to help stimulate the market,
like those seen for the production of biofuels, or support to offset tieeadifial between the cost

of fossil fuels and the cost of SRC productj6, 113 114].

Unigue to Spain, they identified an over installed capacity within their region, with significant
investment in wind farms and gas power generatinggsys and the relatively small market for
SRC as a heating fuel source, making SRC willow production and biomass generally unfavourable
due to the continued egoing infrastructure and logistic costs with using biomass as an electricity
generating feedst&c Further, due to the over installed generating capacity, there is a competitive

electricity market, further reducing the potential incentives for SRC producers.

The Spanish portion of the study identified potential heat markets within rural commumitere

access to gas for heating and cooking is typically not available, stating that this would lead to an
increase in energy security in the rural setting. However, Spain states that there is a distinct lack
of knowledge around SRC and heat produdtiageneral in across the board. This lack of general
awareness around SRC production and the wider benefits of SRC was found to be similar in all

six of the Rokwood regions.

With regards to policy Lindegraaet al. (2016)found in evaluating the Rokwad program that

all regions identified a significant lack of lobbying groups to promote the interest of SRC, further
reducing the likelihood of SRC willow in Europe, further within government policy there is a
distinct lack of policy that focuses on SRQlaw, while there is significant policy on forestry for

biomass and the production of biofuels. Ultimately within Europe there is still a lack of financial
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support for SRC willow and agricultural biomass for combustion or direct energy generation
despite lhe widely available funding for agriculture through the Common Agricultural Policy

[103].

5.4 Financial Mechanisms  Supporting Biomass Production

There have been several policy options available to boost the production of biomass use, however,
there have been a limited amount directly related to the production of agricultural energy crops.
Policy for biomass use largely falls in to two categories; the production of energy from biomass,
regardless of the biomass source and financial incentives focused on the establishment of

agricultural biomass plantations.

Financial incentives do offer the besiurse towards developing an SR{low market, as can be

seen with the general market development of renewable energy technologies, demonstrated clearly
in Europe, where the strong policy objectives of reducing GHG emissions and developing
renewable eneygtargets resulted in financial incentives to stimulating market development and

clean energy.

Research conducted by Moiseyeval (2014) into the impact of subsidies, to power producers,
for wood (forestry) biomass in Europe, found that subsidiesarmbn taxes increased the uptake
of bioenergy generation or @eneration and predict that both mechanisms are needed to drive

down energy produced from fossil fuels between now and PZA).
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Direct subsidies ardefined as payments made to supplement the income of farmers, landowners,
and agribusinesses, but should help to manage the supply of an agricultural commodity and have
an impact upon the cost and supply of an agricultural comm@ddig]. One of the most famous
subside programs ithroughthe European Common Agricultural Poli¢CAP), designed to
support farmers and improve agricultural productivity, pratecl areasand help tackle climate
change and promote sustainalich saw 57 billion spent on agricultural development with 39

billion being on direct farm subsidi§s23].

There area range of reasons for subsidies, including as a protectionist method to ensure that
production of agricultural products stays within a given region, improving food (or energy)
security while maintaining internal quality and health and safety standaaif#aming internal
markets, and ensuring employment within the industry. For some farmers, it is a necessary means
of supplemental income, where a livelihood may not be viable due to external markefifbrces

118]

Direct payments malge made in relation to policy decisions either for environmental reason or to
keep a specific area or region economically viable, in that without subsidies, agribusinesses and
farms may gmut of production or business resulting in a knookeffect to the wider community.

An example of this would be Pillar 2 of the CAP, designed to stimulate and maintain rural
communities with a simultaneous aim of maintain, protecting and improving themment

[126]. Pillar 2 of the CAP, foceson ensuring effective rural depment, ensuring competitive

agriculture, sustainable resource management and climate action.
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Subsides may be made to achieve specific environmental goals, for example the Scottish Agri
environment Climate Scheme, which aims to promote land managemémiprove natural

heritage, improve water quality, develop good flood management, and help Scotland adapt to
climate <change. Exampl es under t his program
EnvironmentaAssessmedt t hat i ncor por aplaeand capitdl fundidg fonthen a g e m«
development of habitats to improve biodiversity, reduce flooding risk and prevent soil erosion

[127]

In relation to energy crop production, however, payments can be made directly for the
establishment of a particular crop, examples include the European Energ$cpe which
subsidised 50% of establishment costs for SR®w and polar, oilseedrape andmiscanthus

[128].

Within the UK there have been several policy mechanisms to support direct produafction
agricultural biomass, through dedicated schemes or through indirect mechanisms that were
applicable to land management or the production of energy, both heat and electricity via biomass
feedstocks. Evaluating the UK experience to date, the majorifyolidies that have been
successful relate not to the productionagficulturalbiomass like SRQvillow and poplar and
miscanthus, but for the installation of biomass heating systems or the use of biomass in large scale
co-firing or fully biomassbased sstems. While there was some success with both phases of the
Energy Crop Schemi@&CS)the majority of success was focussedodseedrape and notvood

biomass.
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The United Kingdom operatiie renewable heat incentidecheme (RHI)designed to provide
financial support for the generation of renewable heat through biomass boilers, solar thermal and
heat pumps with payments based upon every kWh of heat produced, payable eyeaigazdiod.

Under the RHI scheme, two streams are available; domesticoardbmestic, the nedomestic
scheme opened in 2011 followed by the domestic scheme if{28J14The nonrdomestic scheme

has resulted in over 1GW of installed capacity, comprising of over 6,000 installations, by 2014,
155 installations were using energy crops as theimass feedstock. For largeale energy
generation, the United Kingdom offered a range of different subsidy levels depending upon the

installed capacity (Tablg.2)

Table0.2: UK Subsidies irrelation togeneratingcapacity.

Technology Installed Capacity $/kWh

(KWh)
Biomass < 200 (Tier 1) 2.85
Biomass < 200 (Tier 2) 0.75
Biomass 20071 1M (Tier 1) 5.32
Biomass 2001 1M (Tier 2) 2.31
Biomass >1 M 2.08
Combined Heat and All 4.29
Power

One of the requirements of utilizing biomass under the RHI scheme states that for eligibility all
biomass must follow the RHI biomagsstainabilitycriteria, which stipulates that all biomass must
be sourced from sustainable sources. The sclotssifies sustainability as being produced in a

carbon neutral or lean sourlde9].
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The UKECSoperated between 2007 and 2013 (allowing establishment to 2015) and was part of
the RuralDevelopment Program for England, funded through the European Union and the UK
Government. The objective of the program was to increase the amount and availability -of home
grown energy crops to promote energy generation from biomass production and edidnce r

on energy generation from fossil fuels. The ECS provided an establishment grant for farmers and
landowners for the production of a range of woody biomass crops includingviiB®, poplar
andmiscanthus Under thescheme, the ECS offered 40% edtablishment costs foniscanthus

and 60% for SRCwillow and poplar plantations, withthree hectares being the minimum
requirement per crop type planted. The 60% equated to £1000 per hectare, suggesting an
establishment cost of £1,666 per hectare. Qtigecadditional financial benefits to potential SRC
producers was the availability of other grants and payments awarded under the EU Common
Agricultural Policy including seaside payments under the Single Payment Scheme. Where the
setaside payment weneot available to applicants, applicamiere also eligible to apply for the

EU6 Energy aid payment .

Within the UK, by 2016, 132,000alof agricultural land was utilized for bioenergy production,
accounting for 2% of UK arable land. The majority, 53% wakzed for the production of
biofuels predominantly froroil seedrape andugarbeet. As of 2016, the UK has37individual
growers of SRC, utilizing 2,962ahwvith production being attributed to the direct application of the
Energy for Crops Schemelile the ECS closed in 2013, it allowed establishment up to the end
of 2015).This has resulted in an estimate of between 18,®0000DT of being produced in
2016, the large range of potential yields is as a result of no cofjatetnmentlata, therfore is

based upon known productions areas and an estimated rangel 21D T/hakear and assumes
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a threeyear harvesting cycle. The wide range is informed through varying essrbaiag
provided togovernmentvith the National Noffood Crop Centres estimating an average annual
production of 9.40DT/hakear, the UK Forestry Commission suggesting yields &8T/hakear

and some industry bodies estimatin@BT/hayear

The majority of SRQvillow within the UKhas been utilized in large scale power plants in either

a chipped medium or in pelletized format, largely driven through the United Kingdom Renewable
Obligation requirements for biomass to use sustainable biomass of whichw8le@ is
considered to he2016 saw approximately 9,000 tonnes of SRC willow used for electricity
generation, a decrease from previous years (202Q13) which was attributed toward the
Renewable Obligation Program being amended which removed the financial incentives for power

stations to utilize energy crops in energy generati@].

Theremainder of yearly harvests from SRC willow in the UK have been used within the internal
biomass market including district heating schemes, residential heating schemes and a limited home
marked. Adams and Lindegaard (2016) state that one of the predonfamiames of theECS

largely focusing on SR@illow, poplarandmiscanthusestablishmentvasthe resultof policies

promoting biofuels over direct energy generafibdil].

Mawhood, Slade and Shah (2015), found thatiK Energy crop Scheme had little impact on the
production of energy crops, despite the UK aiming for between 300,000 and 900,000 ha of energy
crops[132], concluding that subsidies do not necessarily combat uncertainty around profitability,

long-termland commitments or producing ntraditional cropg132].
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Payments for ed-aside is a form of direct payment made to landowners to suspend annual
production of crops or in some instances removing land from use as gastlirél he purpose of
land setfaside is often to improve local environmental conditions or to control ptioduvithin a

given area, typically to reduce production of a various crop commo[it&$

The setaside program available, through the EU Common Agricultural Policy and paid through
the Single Farm Payment Program was designed tovesfand from annual cropping production

to control the production (originally designed to deal with gueduction in the 19805 1990s)

and was available to farmers who were currently producing 4. Under thescheme
farmers could rotate saside land on a yearly basis or remove a proportion of land out of food
crop poduction. While theset-aside program removed land from food production, there was a
provision, were farmers able to utilize the-astde land for energy crop production, however the
majority of takeup was dedicated to annu@llseedrape production wih over 90,000 ha used for
energy crop production. Despite the initial success of the program, an increase in grain prices in

2008 resulted in the program closing dod85] [136].

As a replacement fathe EU sefaside program, the EU developed #wmlogical focusarea,
requiring arable farmers with more thanH&removing 5% of land from traditional praxdion.

With the 5% being converted to buffer strips, the planting of hedges or trees on the land, field
margins or leaving land fallow, all of which directly impact biodiversity. However it is also
possible for farmers to plant crops where there is r@fgignt reduction in agricultural inputs or
there is a positive contribution to the soil; i.e. the production of nitrogen fixing (8@ As

land setaside programs are currently not in use in any region, the use-agidetprograms to
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provide indirect financial incentives for SRC production unlikely to become viable in the future,
nor, within the EU, is the planting oRE under the current Ecological Focus Area progasan

eligible option.

Where producers of biomass were not eligible for theasiele scheme, those producing SRC
willow, poplar andmiscanthus were eligible for a per hectare payment of/Bd5or carbon
credits,with 2,544 la of SRC and 6,016aof miscanthus being supported over the course of the
scheme (2008 2009) However, tie bulk of paymenta/eremade foroilseedrape production for

the biodiesel markefitl38]. Eligibility in the Scheme was conditional on producers having a
contract with a processor and crassnpliance with all CAP policies, however there was
provision for farmers to process and utilize the feedstocks onudtgral holdings for heating
purposes or for power production. By 2006, Europe saw 1.2 milkotare®f land cultivated for

energy crop productiofi38], but as with the United Kingdorthe predominant crop wagdseed

rape, due to it being an annual crop, ease of processing into biodiesel and European policy pushing

biofuel production.

The UK instigated a bioenergy Infrastructure SchéBi8) between 2005 and 2008, designed to
devel@ the internal supply chain markets by providing grants of up to 100% for the harvesting,
processing (wood chipping), storage and supply logistics. According to Adams and Lindegaard
[131], the scheme was largely sucsfes and benefited those seeking to get in to the SHRGw

market as harvesting equipment was eligible under the program. Under the scheme, several
harvesters were purchased and utilized amongst groups of growers in various regions of the

England, expatting the production area of SR@llow.
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Adams and Lindegaard (2016) highlight, while the BIS scheme was successful, a change in
governmentpolicy relating to what equipment could be purchased under the scheme resulted in
the rejection of applications forahvesting equipment and the stalling of SRC willow in certain
regions of England, due to the lack of availability of harvesting machinery which was being used.
They estimate that 38% of SR@llow in the South of England was removed as a direct result of

a lack of access to harvesting machinery and a lack of available local markets for thdl@RC

[131].

Across Europe, through treemmonagriculturalpo | i cusal@evelopment program there are
several routes for farmers and landowners to capitalize on funding opportunities, either through
subsidies or grantto allow to produce agricultural biomass and in general and some that
specifically target SR@illow, poplarandmiscanthugproduction. It has been estimatéthat by

2020, 20.3million ha of predominantly fallow and marginal land could be utilized fog th

production of energy crop§ifure5.1) [139].

Biomass avalability [TJ]
2020_Woody_ligne_cellulos

L

Figure5.1: European biomass availability2020 to 2030 scenarid 32].

95



From researching the different options for the production of ®R&w and agricultural biomass

crops in general, access to funding for biomass infrasteicaccess to grants and subsidies for

land management, access to dedicated funding or research funds for the establishment and
production of agricultural biomass and access to payment schemes for the generation of renewable
energy is the main driver whether SRGwillow and agricultural energy crops are established.
However, it is clear that funding for the direct production is not enough, there needs to be clear

policy to develop agricultural biomass and funding for the development of supply chains.

From reviewing the literature and available data, one of the key barriers to the development of
sustainable SRC willow productions is the lack of financial incentives, which, as highlighted, is
likely because of a lack of information fgovernment, poteral producers, and industrial,
commercial, and residential enders, which in turn leads to a lack of policy in SRC willow
development, suggesting a circular issue. It was highlighted that to counteract the lack of policy,
there needs to be a larger buswards research and development, but without dedicated funding

this becomes a circular problem.

5.5 Biomass Policy and Development: The Canadian Perspective

(Excluding Nova Scotia)

A 2012 evaluation of Canadads Energy [#€ct or
found that a wellleveloped bioeconomy is vital to Canada and that Canada could have the
potential to become a bioenergy leader and recognised the need for extensive public and private

investment in to research and development to stimulate the econoitiyte@ards to agriculture,
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the strategic review mentions the role agriculture can play in biomass production, estimating that
it has the potential to contribute P2 TWhiear in energy generation (referring to agricultural

residuals) and further mentisithat energy crops should play a 1dlé0].

The Federalsovernment is invested iftné bioeconomy, in making sure it succeeds and how it

applies to bioenergy and bioproduct production; but the focus is still heavily dominated by the
forestry sectof141] (with the exclusion of biofuel production). Up until 2016, there had been
criticisms that Canada was lagging behind most other developedriesuwtith regards to a

coherent and broad reaching bioeconomy strafddy, 113 114, 115] and goups have
recommended approaches to developing the Canadian Bioecfhd®hy The Canadian Federal
Governmeris fiFor est Bi oec on o myl5]khich staetes the iknpoftance of Ca n a d
forestry in the renewable energy generation and the importance of biomass, especially within
Indigenous and Northern communities is a good first step at pushing forward a Canadian

bioeconomy but there is no core policy that focuses on agricultural biomass.

Despite the positive move by the federal government to promote biomass on some level through
recent policy and funding opportunities, there is still currently no Federal funding available for
developing agricultural biomass supply chains. Nor is theraladigcated policy to promote the

use of agricultural bi omass or seek to devel o
Syst ems for Vi abl e St a {1474 mamvewer thdspppobrant avhile o n s |
mentioning supply chain development, there is no indication that research has taken place in this

area.
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This focus on the forestry industry as Canada
relation to other developed countries, it could be argued, is having a detrimental effect on the
potential for agricultural biomass development. It coufthier be argued that the lack of Federal

policy on this matter is reducing the development of biomass policy and agricultural biomass
policy and supply chain development at the Provincial level. This is not to say that neither the
federal nomprovincial governmers are not invested in Canadeveloping a robust agricultural

biomass economy, but that it is currently not a priority.

As highlighted the majority of the Canadiprovinces do not have any coherent biomass policies,
however, the majority oheprovinceshave dedicated renewable energy plans, climate adaptation
plans and clean energy plans as well as forestry resource management plans. Not all the provinces
refer to the utilization of forestry biomass as a means for energy generation,roandung the

development oprovincial bioeconomies.

Recent work by the Solid FuelsSubor ki ng Group from the Canadi ar
Steering Committee (CFSC), a governmiaatustry collaboration, evaluated several scenarios for
increasing theupply of biomass, concluding that biomass could supply up to 277 GWh of energy

by 2030 for both heat and electric[ty48] utilizing 67% or 87million tonnes of available yearly

new sustainable biomass supplies. The biomass in reference relates primarily to new primary
forestry products, forestry residues and a small amount of crop residues. A brief mention of energy
crops in mentioned (switchgrass @RCwillow) however no assessment has been made to the

potential of these crops.

98



Based on the analysis by the CFSC, while forestry biomass has the potential to be a vital resource
in Canadads energy mix for b ot moadbldcksaa this ci t y
happening, but of the ten recommendations made and of relevance to the development of SRC
willow the Canadian Federal Government and Provincial governments need to:

AUse public prsacaurte meorti dt d ukeilppkstinipagbiviesto redncai n s o
investor related feedstock risk perception an

CFSC (2019)

The focus is largely put on the need for improving and further developingfselidupply chains

and reducing the risk, however given thelvedtablished forestry biomass industry, it is difficult

to identify when a focus will be put on to agricultural crops as a source for solid fuels, whether for
heat production or energy generation. The following sectiobsl(b.5.5.10) outline the steps

each province has taken to develop the bioenergy industry.

551 Alberta

In 2006 Alberta instigated a nixpoint bioenergy plan in 2006, with the program coming to an end
in 2016, with the stated aim of promoting bioenergy within the proi¥®]. To promote
bioenergy production, the province provided funding to develop and commerdiaizels and
biogas within the province, providing $24 million (262809) and $6 million was dedicated
towards the development of bioenergy infrastructure (ZE®). Similarly aimed at the

production of biofuels, a renewable energy producer creagram between 2007 and 2011 with
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the aim of providing credit towards the produ
[150, which sets out the province of Al bertads
and sustainability objectives, currently makes no major commitment to the devetopfme

biomass, nor agricultural energy crops, with the main focus being on wind, solar and hydro power
generation. As of 2016, biomass/biogas electricity accounts for 2.62% of electrical generation,
down from 2.79% in 2011, suggesting that of the renesvadthnologies, biomass energy

generation is not currently a key priority, or it is not being widely adopted.

However Alberta, in 2016 instigated a Bioenergy Producer Program, for the generation of
electricity and liquid biofuels, with the scheme oralg running from 201&017, however this
program has been extended to 2[i&1], this program was the successor toAleerta Bioenergy
Producer Credit Program and has the similar goal of GHG emissions reduction. Under the
program, those producing bioenergy are eligible for funding if they have produced energy for a
minimum of three consecutive mostltprior to the apptiation for funding being submitted.
Depending upon the program period, those facilities producing bioenergy from the gasification of
biomass are eligible for up to $2 million in the first period and for those applying in pésiods
andthree $3.7 milion, derived from a total funding budget of $&8lion [151], as of 201 7thirty
individual agreements have been madegfareration through bioener{s52]. Installed systems

for direct combustion must have a minimum installedacép of 5SMW and must be a system
whose sole purpose is energy generation and not part of a commercial enterprise (e.g. pulp and
paper mill or sawmill), producer credits are offered at a rate of betweert$Rxdepending upon

current energy ratg451].
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Despite the Bioenergy Producer Program and the obvious success of the program due to it being a
successor program, tHerovince of Alberta are predominantly focussed on other renewable
technologies. Given the relatively small funding pool available to biomass and given that it is
directed at energy generation (incorporating biogas and biofuel production), it is currdiRiy

to see the development of agricultural biomass and ®R@&v supply chains being developed

within the province, with the current program only focusing on the use of biomass and not its

sourcing.

Focusing on resource development, Alberta Innovates and Silvacom developed the Bioresource
Information Management System (BRIMS), designed to be a centralized data system provides an
assessment of biomass from forestry, agriculture and municipal wastmsyethelp inform bio

resource and investment decisions in Alberta and acts as a tool for policy fh&kgrs

Alberta currently has one of the largest SRC willow plantation located in Keoma, covering 350
hectares and expanding by another 180 hectares operated by Sylvis, to evaluate the potential of
using biosolids in conjunction with SR@llow to improve conditions on solonetzic sqib4].

A second project, at Forestburg, Alberta, an old sto@ mine, so the purpose is land restoration,
covering about 500 hectares and will be using biosolids from Edmonton, bringing up the land
guality from a 45 class to a class 2 in terms of soil qyadihd productivity value. This has been
funded through a number of partners includi

Clean Growth Program and from Emissions Reduction Cqiada
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55.2 British Columbia

British Columbia are one of the few Canadian provinces avidledicated Biomass strategy,-out

with a general renewable or climate change action plan. Published in 2008, the BC bioenergy
strategy set out clear goal to achieve by 2020 and reviewed potential biomass availability,
identifying 10% of their biomass r@srce potentially being derived from sustainable agriculture
[156], with the predominant focus onop residues as an untapped source but recognising the role

energy crops could potentially play.

Promoting biomass within the region is the BC Bioenergy Network, which has helped partly fund
a number of capital funding projects, investing $16m @igiteen projects, ranging from biogas
systems, CHP projects and biofuel projects. The BC bioenergy Network have also focused on
capacity building, within funding having been directed towards developing agricultural bioenergy.
In reference to SR@Willow andpoplar production, both are recognised as primary agricultural

products

553 Manitoba

As part of a clean energy stratd@$7], the Government of Manitoba instigatedi@massenergy
supportprogram, as one of their commitments to reducing GHG emissions, with the funding
tranche available between 2014 and September PA®GB], operating on a firstomefirst serve

basi s. The funding was a Provincial/ Feder al

Forward 20 progr am. The province further off
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switch to bianass, offering funding up to $12,000 to offset the price differential between coal and
biomass over a 14 month peridd®9]. It is estimated that Manitoba has between 3 and 5 million
tonnes of biomass available on an annual basis, with the program stating that through utilizing a
proporticn of available provincial biomass, there would be a reduction in fossil fuel imports,
improvement in local economies and stimulate renewable development in rural areas within the

province.

The program offered two components; capital incentives for proslacel processors for use in
infrastructure development and equipment upgrades and research and development funding to
support innovation that would advance the biomass sector in Manitoba. Through the capital
funding stream, provided on a castaring bag, eligible applicants, were able to apply for up to
$50,000 or a maximum of 50% of the total costs. Under the scheme, there were a wide range of
eligible biomass sources available including purpose grown agricultural energy crops including

SRCwillow andpoplar and energy grasses.

In part, due to the success of the scheme, the Government of Manitoba has signeaear five
agreement with the Canadian Federal Governmefudas on agricultural priorities. Under the
partnership Manitoba will receive $1716llion to invest in sustainability and competitiveness in
the agricultural sector, however there is no indication on whethern@8R@ will be a priority

focus.
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554 New Brunswick

New Brunswick, currently has no dedicated biomass policy in place, however produced, in
coll aboration with the University of Moncton
New Br u pls0y iThe keport identified that New Brunswick has the potential to support up

to 463 MW installed capacity for electricigeneration and 1,111 MW of installed capacity for

heat generation, stating that CHP systems (or uskggeneration) are viable within the province,

being supported by a potential 15.5 M green tonnes of biomass per annum.

The New Brunswick Energy Bluept [161] stated that they will seek to develop wood based
biomass resources within the provinegth a specific focus on pellet production and prioritizing
energy generation. The province in the folow A New Br u faddediWodd S&ctol u e
St r a {1&2piyns to develop specific policy to support biomass heat technology and to develop

a wood pellet supply chain.

555 Newfoundland and Labrador

Newfoundland and Labrador, in their Innovation Roadfd#3] (an analysis of Newfoundland
and Labrador Resources), make specific reference to biomass for energy generation and reference
to agricultural biomass however, drew conclusions that biomass is onlyldeatsibcal markets
under specific market conditions where there is a system in place and the need for biomass. The

2007 Newfoundland and Energy Plan makes reference to biomass energy generation, but it is low
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on the list considering the potential for wipower and hydr¢164]. There are currently no
policies pertaining to agricultural biomass nor funding opportunities available for agricultural

biomass poduction or utilization.

55.6 Ontario

Ontario currently offered a fead-tariff program, of which biomass systems were able to apply,
with four systems being commissioned. With regards to agricultural biomass, Ontario instigated
a Farm Innovation Pgyam along with several other farm programs that incentivised farm biogas

systems, by offering funding and tax incentives.

Focusing specifically on agriculture, Ontario ran a successful policy promoting the use of biogas
production orfarm through the Fan Innovation Program, the CanadiAgricultural Adaptation
Program and via the feed-tariff program, providing a wide range of funding opportunities and

tax breaks for farabased projects.

Currently there are no dedicated polices that focus on #graiubiomass or biomass for energy
generation specificall ytermEnergy®lare Deliv€ing Faimesoad s fi 2
C h o i [t68]0mentions biomass use for energy generation, with biomass only accounting for

0.4% of Ont ar i ondctear andhgdro gpemng tme predommanttsdurce of energy.

105



55.7 Prince Edward Island

Prince Edward Island in their 20B®17 provindal energy strategy{166] are one of the few
provinces to go into some depth witgards to biomass for energy generation and set forth some

specific policy objectives.

With regards to agricultural biomass, the strategy, in reference to using biomass fecédege
energy generation, currently regard it as an expensive option guwedoction, harvesting and
supply logistic concerns, but recognise that there may be potential in the future but not for
residential heating systems. Téeergy strategy further breaks down biomass use into different
categories (Industrial, commerciahdaresidential) and feedstock options as a heating source.
Stating that wood chips for large heating systems at institutional and municipal levels are limited,
with some biomass based heating systems having toc-t@namissioned due to lack of wood chip
availability, however the province is committed to utilize some biomass provided it is in a

sustainable mann§t66].

At aresidential level, PEI has, through Efficiency PEI incentivized the use of pellet stoves through
rebateg§167] and state that there has beemgigant uptake in wood pellets. However these are

imported from other Provinces and that they are considering the adoption of policy to further
promote biomass heating which would make the use of pellets more attractive as they would
anticipate larger dk deliveries on a more frequent basis to the island, making the economics more

attractive to the residential and possibly commercial s¢téa].
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The Prince Edward Island Government produced a recommendation doddé®nin 2009
dedicated to biomass heat and the future outlook of the industry, that state that the province should
adopt biomass extensively as a means to reduce reliancedinfdets. The document makes
specific reference to agricultural biomass and reference to \BiR@v and poplar, making
recommendations for a pilot project (see SRIw production in Prince Edward Island) and ran

a Bioeconomy Initiative to trial SR®illow andpoplar[169].

5.5.8 Quebec

Quebec has taken several approaches to promote biomass, including funding towards the

conversion from oibased heating systems to biomass systems, withiniynavailable to

municipalities and institutions. Regioralthorities as opposed to the Provincial government are

able to operate biomass policies and deliver funding on a local level atlayeease basis.

559 Saskatchewan

Currently Saskatchewan has no dedicated biomass pbbeyeverSaskatchewaRower aims to

add in some form of biomass energy by 2030, somewhere betwsEen170].
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5.5.10 Northwest Territories

The Northwest Territories currently have a dedicated Biomass energy strategy with the sole focus
on promoting the use of local and imported forestry biomass to reduce the pi®vel@nce on

fossil fuels and reduce GH@&nissions. The strategy has a major focus on promoting biomass as
a heating source option for both residential and commercial purposes and promoting CHP
technology[171]. While the Territory is keen to promote the use of biomass between now and
2030, they recognise that expanding the supply of biomass will be challengingtde@bsence

of a large forestry industry in the Territory and limited transportation infrastructure. Currently the
majority of biomass (in pellet and chip form) being imported from Alberta and British Columbia,
however despite the challenges the Territeigommitted to developing biomass for heafitig?].

The Territory has no provision for agritual biomass; however, it is widely accepted that the
production of SRCwillow and poplar and miscanthuswould not be viable products due to

climactic considerations.

5.6 Canadian landscape of agricultural biomass support

There are a number of largeale funding programs within Canada, BioMass Canada is a new
cluster from 2019, with a vision for the Canadian agriculture to become competitive in the
production of biomass for bioenergy and bioprod(it%3] with funding of $10.1 million from
Agriculture and AgrFood CanadaThe focus is on; 1) developing feedstock and processing and

utilization systems in the Northern Zone of Canada to work towards energy security in the region;
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2) the optimization of biomass production in different regions of Canada, which includes vyield
studies of SRC willow, and; 3) biomass gecessing, supply chain logistics and economics

[174].

The value of this program is the breadth of partners from government, industry and university that

are seeking to develop the biomass industry backed up with funding. It should be noted that
BioMass Canada is an offshoot of the successfidfl&INET Canada, an expansive network
organi sation and partnerships seeking to mobi
partnership development, funding and offering of education. They further offer policy positions
including areas on biojduels, biorefineries, and the use of low quality forestry products for

biofuel productiorf174].

While Canadian biomass policy and funding is behind, that is not to say that there is no innovation
and lobbying for the Canadian bioeconomy and biomass production. A review-efergy
organizations across Canada demonstrates a wide range of different organisations that have been
set up to support, lobby and promote the use of biomass as a means for energy generation; both

biofuels and biomass for combustion (Tabl®).
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Table0.3: Canadianndustrycommitment taoiomass.

SRC Development

Organisation Role Provision of Funding Funding Ref
Yes i Funding available for
capacity building andCapital
BC bioenergy projects.  Capacity building
BC Bioenergy Network technology funding is available for forestn No [175]
development and agricultural residues ar
municipal wastes. A larg
focus on Anaerobic Digestion
No i Offers assistance an
Supports the support in accessing funding
BC Green Heat development of PP . 9 .
o developing networks to buile No [176]
Initiative renewable heat . .
roiects up green capacity and buildin
prol technical knowledge.
No i While no funding is avai;i\lltlao:essl)éarch
Network of directly available from rants available for
Excellence, BioFuelNet, however there i 9 supply chain
BioFuelNet Canada research, and an Investment Network the deveplsyment but [177]
Lobbying offers  capital investmenti not deSicate dio
Organisation  advisoryservices, and ventur SRCwillow
capital funding. .
pitatiunding Production
Resource and
mdustry. No 1 Offers assistance t
Collaboration L . .
Biomass Ener Oraanisation parties in evaluating biomas
9y g . potentials including supph No [178]
Resource Center offering services . . .
. . chains and regional bioma:
including resource - ;
. availability studies.
and supply chain
feasibility studies
. No i However, BTEC lobbies
. Lobbying . .
Biomass Thermal o and supports various bioma
. Organisation for .. . No [179]
Energy Council ; policies and funding
biomass heat .
mechanisms
Canadian Biomass Networking No I_ has links with industry
. . funding, and helps to shar No [180]
Innovation Network Organisation . .
biomass policy
. . Bioenergy
Canadian B .
ana _|ar1 ioenergy Lalslsyfing NG
Association o
Organisation
. R I
Canadian Renewable Enerzr;/eli,z)?atl;;ing NoTi supports and promotes tt No

Fuels Association

Organisation

development of biofuels
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Organisation Role Provision of Funding SRC Development  Ref

Funding
Renewable
Energyresearch
Canmet Energy and Technology No - No [181]
development
Organisation
Forestry
Forest Bioenergy Information [182]
Organisation
Forestry Supply  Yesi Collaborations for
. hai i f t
FPInnovations Chain . varlou_s ore§ rybasleoll No [183]
Development issues including logistics
Organisation and operations.
A group of
Ontario based Noi a c_ec_)peranve group NOi however there
R farmers providing support, .
Ontario Biomass . . is a focus on grass
promoting and  resources and lobbying foi .
Producers Co ) based biomass  [184]
. trying to develop thedevelopment of .
operative Inc. . . . (Miscanthus and
energy crop agricultural biomass in .
L . Switchgrass_
production in Ontario
Ontario
Provincial Yesi Focused on small
Ontario Sustainable . grants for the generation o
L Lobbying o No [185]
Energy Association T renewable energy within
Organisation "
communities
Industry
Pellet Fuels Institute Lobbying No No [186]
Organisation
Wood Pellet Industry
. . No No 187
Association of Canada | Lobbying Body [187]

Despite the large number of organisations focusing on the bioeconomy and promoting biomass as
an energy source, none of the organisations or NGO focus particularly on Agricultural Biomass
(SRCwillow, poplarand miscanthu} for direct energy generation. ItAough these crops are
mentioned as potential sources of energy and more research is required in to developing the supply

chains, testing of varieties, and making the economic case for their production and utilization.
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5.6.1 Canadian Funding Opportu  nities

Focussing specifically on biomaske Federal Government, while in response to American taxes
imposed on imported Canadian forestry products, committed $870 million to support Canadian
softwood lumber. The goal of the funding was to ensureghikedtmber industry, admittedly one

of the largest employment sectors in Canada, employing 230,000 Canadians remained buoyant
and did not suffer job losses, however the funding is also a means to help develop and innovate
within the forestry industry to gport a biebased economy, including the use of biomass for

energy generatiof188]

There are currently several difent Federal funding streams available within Canada that are
either directly or indirectly available for biomass (TaBld). These funding opportunities
predominantly focus on fuel switching from fossil flbelsed systems, are designed to support
reseach and development (internally within the Government of Canada) and general GHG

emission programs which biomass can be linked to or have focused on the forestry industry.
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Table0.4: Federafunding withlinks tobioenergygeneration obiomassdevelopment.

Organization Initiative Description Implementation Ref
Pulp and Paper $1B funding aimed at supporting ar
Green improving energ\efficiency within the
2009- 2013 [189]
Transformation Pulp and Paper industry
Program
$100 m at new technology fc
Investments in
bioenergy and biomaterials
Forestry Industry 2010- [190]
Additional $90.4m funding in 2014 an
Transformation
a further $55m in 2017
Instigated to increase Indigenol
participation on Canadian Forestr
with a focus on bioenergy, with $
Natural
Indigenous million having been provided fo
Resources
Forestry several norther projects. In 2017 t 201k [191]
Canada/Canadian
Initiative program was extended with a furth
Forestry Sector
$10m to promote participation in tr
forestry sector and reduce the reliar
on fossil fuel heat generation.
Provision of $155m for clean energ
reseach in191] the energy, mining
and forestry sector. The aim is
Clean Growth reduce GHG emissions, improve wa:
2018 [192]
Program management, the production and use

advanced material and bioproducts ¢
to improve energy efficiency an

productivity
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Organization Initiative Description Implementation Ref
Aimed at providing support fo
Research and Development for biom:
Program of

Natural
Resources
Canada/ Office
of Energy
Research and

Development

Energy Researct
and

Development

EcoEnergy
Innovation
Initiative
Clean Energy for
Rurd and
Remote
Communities:
BioHeat,
Demonstration
and Deployment

Program Stream:

Clean Fuel Fund

feedstock supply, sustainability studie
processing systems and biofu
production. Currently there is n
indication of what sucases have bee
achieved.

Funding for demonstration CHF
systems and included wasgteenergy,
anaerobic digestion.

Aimed at reducing the reliance on fos
fuels in remote communities acro
Canada. The BioHeat Stream focus
on the retrofitting of systems i
communities and industry. There is
currently no indication of the success

the program

The fund will invest $1.5 billion ove|
five years to focus on building th
capacity of biofuel production it
Canada, this includes establishil
supply chains fol

developing standards
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Organization Initiative Description Implementation Ref
EcoEnergy for With the aim of GHG emission 2011-2016 [197]
Aboriginal and reduction the program provide
Northern Indigenous and northern communiti
Communities  funding for renewabletechnologies
Indigenous and
Program including biomass systems
Northern Affairs
First Nation Initial provision of $234m (2007 2007- [198]
Canada
Infrastructure  2013) to supporbn-reservation energy
Fund systems including biomass systen
Further funding provided from 201
onwards.
Organization Initiative Description Implementation Ref
This fund offers two streams, &
adoption stream and a research ¢
Agriculture
Agriculture and innovation stream. The purpose of t
Clean
Agri-food fund is to promote andevelop greer 2021- [199]
Technology
Canada energy and energy efficiency, precisit
Program

agriculture and bioeconomy solutiol

within agriculture.
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Organization

Initiative

Description

Implementation

Ref

National

Research

Council Canada

Bioenergy
Systems for
Viable
Stationary
Applications

Program

Low Carbon
Economy

Challenge

Initial focus on providing technical an
aid in overcoming financial barriers fc
integrating locally sourced biomass fi
energy generation. Funding is bas
upon a collaborative process and
judged on a casky-case basis. Ther
is currently no indication of wha
projects are being pursued.

The funding will provide $500m. Th
project provides part funding to a wic
range of different organisation
including industry and offers differer
funding levels through differen
schemes. Aimed at reducing GH
emissions, the project is wide rangii
but has provision for agriculture, fut
switching, seHproduction of low
carbon fuel for own purposes, tt
development of district heatin
schemes. and the gamation of
electricity and heat and for CH
systems. Regardless of the stream,
participants must clearly demonstre

GHG emissions reduction.
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None of the programs available-uptil the launch of the 2018 Low Carb&eonomy Challenge
funding program have specifically referenced agriculture or the production of fuel sources for own

purposeg200]. While the program does not specifRGor any specific energy crop, assessing

the potential eligibles e ct or s, SRC production could fit i
carbonsnksi n t he agricultur al sectoro of which r es
Al ow carbon fuel production for own hdusdng of v

liable to significantly reduce establishment c§280]. The program also supports electricity and
or energy production schemes which covers district heating schemes and CHP for own use; both
of which bioenergy is an optiaand which would allow for the production and use of SR®w

as a feedstock.

5.7 Nova Scotia Biomass Policy

Nova Scotia currently lacks of clear policy in relation to agricultural biomass development and
usage; despite a number of other Canadian Provinces having adopted biomass/energy strategies
[171, 141, 126 172] and utilizing biomass for electrical generation. However biomass is
mentioned in the Nova Scotia Renewable Electricity 0B8] and Nova Scoti aods
Resources Strated204] mentons biomass in relation to the restriction of forestry biomass for
combustion. The Canadian Bioenergy Association previously highlighted that the Atlantic
provinces in particular are suffering from a significant number of regulatory issues that are
prevening the expansion of biomass, nor is there any clear indication of the development of a
regionalbioenergygroup ornetwork that can advocate, coordinate and help develop the industry

[205].
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Howeveras of 2020 there is now the Nova Scotia I
the growth of -dNaorvlkao nS chit[@08]daho areoyereloping a range of

partners, information on available feedstocks and help with obtaining funding. Some of the
projects supported so far i ncl207 the groduetiordoall pcy c |
biomass pellets, synthetic diesel and capture of recyclable material in CN&{@08] and

working with a company focused on biochar and ash modification techno]@2g#s

Within Nova Scotia, there is currently no support or educational schemes to aid farmers in
understanding biomass crops or financial schemes to incentivize the uptake of biomass production

from outside investors, which contrasts with other parts of thedworl

Think Farm, a Nova Scotia Government initiative, highlighted in a 2012 publication note that there
is currently an undeutilized agricultural land base within the province and for agricultural
biomass (grass based) to take off, the industry mustusdoged in a sustainable manner, slowly

and by farmers, for farmef210].

The 2016 standingolicy document of the Nova Scotia Federation of Agriculture (NSFA), in
relation to energy production, state that many farmers within the province have the capacity to
produce enough biomass for their energy needs and that of their neighbours asekeythmlit

is necessary for farmers to have access to affordable and sustainable energy sources to ensure a

successful farm enterprig2l1].
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Prior to the 2011, policy framework report oOP
Scoti ad, the Nova Scotia Land Review Committ
advice, guidance and recommendations for the preservation of agriclahdan Nova Scotia,

with one of those recommendations being that the government (NS), should be emphasizing
support and development programs to develop agricultural biomass energy systems, as a means of

economic development and to preserve and protecai$cotia agricultural lan@12].

While agricultural biomass was outside the remit of the committee involved in developing the
OProtecting and Preserving Agricultural Land
agricultural biomass#oul d be addressed via the Nova Scoti
t he Government producing thal0y/deoamnu melnan fodro meg!
which states that the government and the energy sector will work with the agricultustfyrtd

explore renewable energy options, including biomass, for the indaa®y

The idea of using agritture biomass as a means to generate energy, create diversification within

the industry and contribute towards a sustainable energy economy within Nova Scotia is not a new
idea within the province. The 2002 samlport ,
Conversion Systems for E n e {244y, std®es mdtucorcludong i n |
remarks that while Eastern Canada has the potential faculigral biomass (residues) to
contribute towards energy generation, the development of energy systems in Eastern Canada
requir-esr ml oegearch and a devel opment efforté
bi omass) with [2ld]e n@008, gmeasaentaten dt thenGcean Energy Research

Association Conference (OERAJ15], suggested that there was the potential in Nova Scotia to
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develop a bioeconomy, specifically stating the benefits and viabilitgraducing grass and
coppice based biomass, but stating that there needs to be development and that development will

depend on economic viability and supportive po]2i5].

5.8 Recommendations for Nova Scotia

Recalling the production barriers found in the literature; lack of knowledge, lack of market access,
farmer esistance for longerm land commitment or cultural reasons and lack of subsidies and
even where subsidies did take place in European countries, either through establishment schemes
or farm subsidies, it did not necessarily spur the expected growth ofilagnal biomass crops

like SRCwillow, is of relevance to Nova Scotia.

Nova Scotia still does not have a fuflgdged bioeconomy, but nationally there are a range of
bodies that aim to promote the bioeconomy, not least Bioindustrial Innovation Canaidseeks

to help Canada convert bioresources in to valdded bioenergy, biofuel, biochemical and
biomaterial4216]. Within Nova Scotia thers ResearchNS, a ndor-profit corporationwhich

has a mandate to support, organize and coordinate funding of research in Nova Scotia, with one
key theme being on research to develop the bioeconomy, this however primarily focuses on the
role forestry can play in this and linkjrtonserving forest ecosystems and conserving biodiversity
[217]. Additionally there ighe recent Nova Scotia Innovation Hub, with an objective to help
grown the Nova Scotia bioecononj06], through netwrk development, funding support,

partnership development and guidance.
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Nova Scotia has I|little to no commerci al ener (
components are 23.7% for field crops, 54% for hay and 18.3% for fruits, berries, and huts [46
The principle agricultural products are corn for grain and silage covering over ha, 40d land

fruits, primarily blueberries, apples, and grapes, from horticulture covering just under BQ,000

[46] which was worth over $60 million in 2016 and $6i#lion in 2020 [47]. Given the lack of
production of energy crops in the ProvimmeNova Scotia, if it wished to pursue energy crop
production, for direct combustion or for other bioprocesses, must start from the grodrteup
lessons extracted frorthis literature review suggest that the focus should be on market
development for biomass products and education around what energy crops are, how they are
grown and the value of theWith less, or not at all, on subsidies, although that may be necessary

in the form of research and innovation funding to help initial production in Nova Scotia by showing

that it can be done.

One of the key lessons that can be transferred to Nova Scotia and indeed across Canada in general
with regards to SR@illow production is that there needs to be a dedicated and concerted policy
direction and incentive not only the establishment of SRIbw (and miscanthuy but the
development of the processing and supply chain.date, while there is a general appreciation

and a déase for biomass energy generation within Canada, this appreciation is distinctly lacking

for Agricultural Biomass production, 1) because there is a-egtilblished forestry biomass
industry that have years of experience in production, management, maeestilogistics, a well

defined industry, a large and wektablished industry trade body, and vettlictured government

policy. Without support, and even when comparing the successes and failures of UK, European
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and American biomass policies, and final incentives, it is clear that financing and a political

will to see agricultural biomass is going to be the key driver in developimglastry.

An alternative option, that seems to be developing in Alberta, that could be transposed to Nova
Scotia,is land restoration by using biosolids and the production of energy crops including SRC
willow. This has attractive prospects due to the quantity of inactive and marginal agricultural land,

and areas where land restoration is necessary in Nova ScotidioAaty, the Federal
Government is developing a Greenhouse Carbon Offset program with protocols in development
including one for nEnRBhwhedhassagoténtialdinkgirmpnovimg Car b
soils, through storingmut building up carbon while producing a viable crop for energy generation

or other bioproducts.

It must be emphasised that Nova Scotia, does have a thriving agricultural sector for food products,
especially high val ue f melniive size, tandgapaciyrart fogestry e n N
industry, while there could be scope for SRC willow for energy generation on a local level, it may

be that Nova Scotia and where i1itbs bioeconomy
biomass productionof biochemicals and bioproducts, keeping short supply chains, leaving the

larger provinces to focus on biofuel and bioenergy production.
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Chapter 6 SRC PRODUCTION AND TECHNOLOGY

REQUIREMENTS

6.1 Short Rotation Coppice Production

Coppicing is theprocess of harvesting/cuttifigack typically to just above ground leyefast
growing tree species to stimulate further growth overrabar of years before 1®utting. This

process repeated on a rotational cycle, with the length of rotation relatithg fourpose of
coppicing and the desired characteristics of the harvested material; typically, the diameter or size
of the material. Following the coppicing process, the stump or stool of the tree will generate new

shoots, typically an increased numbesbbots, whichs then be harvested in future years.

Short Rotation woody crops are fast growing woody tree species, commidaly (Salix spp)
andpoplar(Populus spp, which are now commonly used for energy generation purposes. SRC
willow and poplar are rapid growing tree species, with expected growth rates, after yeafirst
cutback, ranging from-2 m in the first year of regrowth and producers seei8gr6of growth at
harvest; commonly in the third year. It can be expected that producers will be able to harvest SRC
between six and eight times, with an expected plantation having a lifesparBofy2@rs before

productivity/yield decreasq80, 189].

SRC usage has its origins within Europgiere it has been produced and utilized for the last
several decadess an energy feedstock, with reports statirag there was historical use of both

poplar andwillow [103]. The devel opment of SRC taking off
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pulp feedstocks for pulp and paper and further developments due to oil shortages in the early
1970s. Since the T8s SRC has gained traction in the Northern regions of E(2@p¢where it

is currently being utilizé as an energy feedstock, however it has uses as an effective land
remediation crop or as a method of amelioration to reduce potential contamination from effluents

[191, 192, 193]

Sweden currently has a high rate of SRilow production with 16,00Gahaving been planted

by 2003, accounting for 1% & w e d avaod #&iel for energy generation, where a price of 13
Euros per MWh produced, which was comparable to other forestry biomass feed@f#iks
Within Sweden the majority of SR@illow plantations were grown on private farms but managed
through and contracted through a biomass production company (Agrobransle AB). An early surge
in SRCwillow production wadecause a$everal factor in the 1990s, with a low price for cereals
coincidng with Government policy to incentivise the establishment of 86w, however due

to EU policy of sefa-side under the EU Common Agricultural Policy, the increase in \BiRGv
plantations did not occur. However with an increase in biomass requikethesughout the EU

and other developed countries, the economics of 8R@v has improved dramatical[@24].

Agrobransle set ng-termobjective of increasing the areawaflow grown in Sweden to 30,000
ha by 2010, which they sucssfully achieved and mied to increase this to betwe200,000
300,000hain the decades that follow, however this has not currently aeleievedOutside of
Sweden, Agrobransle has attempted to establish markets in thedlid,and Baltic states,

however die to the lack of financial incentives there is little market penetration.
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Furthering the expansion of SRC, to an extent, within the United Kingdom has been tlo¢ offer
establishment grants and schemes, which lead to an uptake in production,rhuasv&chemes

have now ceased or are projected to end in the
Cr op S drome20@7d 2013 which resulted in the UK subsidising 40% of the actual
establishment cost of SR@illow and miscanthuswith actual payments being calculated on a
caseby-case basis, with a benchmark establishment value of $3,392/ha (20@Banh#da

exchange rate)

The adoption of SRC within North Ames is relatively recerdand isstill not a widely adopted
method of biomassrpdudion outside of théNorth-easterrpart of North America, where a large
number of trials rarigg from subhectare to hectargzedplots, however there is no largeale

commercial production.

Within Canada, the majority of trials and SRC Plantatioenge been located in the province of
Quebec, although other provinces have trialled SRC. BR&~V has been trialled in Southern
Quebec since the early 199006s wit 225 wwoiditr i al
Nissim et al. [225] an cultivar of SRGwillow (S. viminali§ over several rotations under both
fertilized (using sewage sludge) and unfertilized conditions anbefiuevaluated nine different
cultivars over three rotations.  Results indicate that under both fertilized and unfertilized
conditions, the yields increased over successive rotations, with the fertilized rotations seeing an
increase from 15.0DT/halyea (+ 4.2) in the first rotation (3year) to 22.80DT/halyea (+ 6.3)

in the fourth rotation (1Syear) with the nosfertilized rotations yielding 10.©DT/ha/yea (+ 4)

in the first rotation and 16 @DT/ha/yea (z 8.1) in the fourth rotation. Guidi Nissiet al.(2013)
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evaluation of nine different cultivars found that in terms of growth, the number of shoots produced
per stool (after each cutback) and biomass yield varied in relation to the cultivar. Gildthadr
variety SX64 §. miyabeangyielded 15.2DT/ha/yea in the first rotation and 24 QDT/ha/yea

in the third rotation

SRC has several other benefitist with its use as an alternative energy source, with it being
increasingly evaluated for andagsin land phytoremediation practices from industrial processes
where land has become contaminated with m¢i&§ 197, 198 199] or as a means to control
and reduce landfill leachaf200, 201, 202], with productivity being relatively high regardless of
variety used. It has further been used as a means to treatosgates derived from agricultural

practice§191, 203].

6.1.1 SRC Willow production in Canada (Excluding Nova Scotia)

Agro-Energie, based in Quebec have 3@0bf SRCwillow planted, since 2006, and statedan
planting capability ©1,500ha Outside of this there are farge scaleplantations within Canada,
however there & various trialplots spread out across Canddlable6.1) for a range of reasons
including varietal ésting, to evaluate cultivatiprplanting and harvestingractices and for

remediation.

126



Table0.1: SRC Plantations in Canada

Location Year | Landscape Type | Purpose Hectares | Reference
Prince Edward Island | 2006 | Riparian Research | 0.7 [234]
Prince Edward Island | 2008 | Riparian Research | 0.5 [234]
Prince Edward Island | 2008 | Riparian Research |0.3 [234]
Prince Edward Island | 2008 | Excessive Slope | Research | 1.55 [234]
Alberta 2005 | Agricultural Research |2 [235]
Alberta 2005 | Agricultural Research |6 [235]
Alberta 2010 | Agricultural Research |6 [235]
Alberta 2010 | Agricultural Research |4 [235]
Alberta 2010 | Agricultural Research |4 [235]
Alberta 2010 | Agricultural Research |4 [235]
Nova Scotia 2010 | Agricultural Research | 0.9 [236]
Nova Scotia 2010 | Agricultural Research | 0.9 [236]
Nova Scotia 2010 | Remediated Mine | Research | 0.9 [236]
Nova Scotia 2011 | Agricultural Research | 0.9 [236]
Nova Scotia 2010 | Agricultural Research [236]
Nova Scotia 2010 | Agricultural Research [236]
Quebec 2011 | Agricultural Research [237]
Quebec 2011 | Agricultural Research [237]
Quebec 2011 | Agricultural Research [237]
Quebec 2011 | Agricultural Researh [237]
Manitoba 2006 | Agricultural Commercial [238]
Ontario 2006 | Agricultural Research |2 [239]
Ontario 2006 | Agricultural Research | 1.9 [239]
Ontario 2006 | Agricultural Research |2 [239]
Ontario 2006 | Agricultural Research | 3.83 [239]
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6.1.2 PEI

SRCwillow hasbeen planted in Prince Edwarsldnd for several reasons including to improve
riparian zones and improve water quality, as a means for windbreaks and snow fences, as a means
for nutrient and waste management, to enhance biodiversity and as a meantofenpddiation.

Prince Edward Island ran a program called the Bioeconomy Crop Initiative between 2010 and
2014[169], with the stated aim of conducting commercial research to identify dr®euc and
environmental benefits of perennial crops, specifically perennial grasses andil®@RC The

initiative offered funding on a firstomefirst-serve basis, with a total funding pot of $&hlion,

towards the conducting of trialdemonstratins,and pilot project, with the objective of developing

potential biomass markets on the island.

The program offered funding annually, with primary producers and agribusinesses receiving 50%
funding and agricultural industry organisations receivingftuiding, with site preparation, cost

of SRCwillow cutting, planting costs, crop maintenance and harvesting all being covered under
the funding. One of the key areas to note, is thainikiative recognised the cost of planting and
harvesting equipmerand allowed for the funding to cover the leasing of equipment under the

proviso that the equipment would be available at the required times.

Research conducted by Lari2014) in his evaluation of SR@illow, states that there is interest
in production from the common reasons of energy security, sustainability and emissions reduction
and as a means to stimulate rural economies. In evaluating the economic attractiveness of SRC

willow on PEI,multiple scenarios based upon the trial plots preseREI were evaluated with
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onfarm and off farm usage, varying land types and varying plantations sizes ranginghfasoan 3
9 ha and for off farm usage, the SRC would be sold to PEI Energy Systems WattatPla

$50/0DT[240].

Lantz drew the conclusion that it would not be economically viable to producevie@ under

any of the scenarios for efarm usage, siting payback periods ranging firteenyears to no
payback priod. The economic failure relates directly to the purchase price of the SRC at $50 per
ODT, with breakeven being found between $383 depending upon the production system and
the plantation location and land typ8imilarly, the price of traditiondlossil fuels, of which PEI
currently use a significant proportion of diesel is still too economically favourable to justify

switching fuel sources.

Despite the failure of offarm production, Lantz found that SRC production andfasm
utilization would be favourable given the oil fuel price for heating and estimated an average

payback period dive years regardless of thegaluction system and land type.

6.1.3 Quebec

Therehavebeen several research studies conduatedhe establishment and production of SRC
willow in Quebec as well as some varietal studi&sidi Nissinet al (2013)assessed the long
term biomass productivity of SRC willow in southeuebec, using fertilize and unfertilized
sites and usingeveral different cultivars. The found that the cultivar SK&d the highest yield

of 15.02 ODT ha/gar increasing to 24.3 ODT halygesatating that these are significantly higher
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than European yieldsftributing it tothe small plot sizes and the need to extrapolate for pieid

hectarg225].

Lafleur, Lalonde and Labogue (2017) establisheightplantationsitesacross Quebec to evaluate
differentSRC willowcultivaracross darge climate gradientrom a latitude of 453 5St@a latitude

of 48°4 Q dhe studyound that climate conditioriacluding rainfall and heating degree déngsl
significant impact on ste growth an planation yield,they additionally found that the soil
variables including pH and clay content factored in to yi€ltithe SRC willow varieties evaluated
they found thathe cultivarSX61, had the best performaniteterms of height in sevesut of the

eight plantation sitesandthe best yield in two of the sitesne at 45496 and omMg at

suggesting tolerability under a range of climate conditj@aas].

6.1.4 Manitoba

A farm in Manitoba, planted an experimental plot of 26 @idw to demonstrate the viability of

SRC as a heating fuel source, however there was a massive crop loss with little s{28&]jng

The farmer planted 50,000 more subsequent years, suggesting a total hectare area of
approximately 3 4 haassuming a planting density of between 12,008,000 stems per hectare.

From this first year coppicing resulted in 27 tonnes per hectare (Salix Viminalis) and 14.8 tonnes
per hetare (Salix Acute). The challenges identified by the farmer suggest that access to planting,
with all of the planting occurring by hand, access to dedicated harvesting machinery, however the

farmer reported success with a forage harvester and acceask&isjiz42].
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6.1.5 Ontario

Through Natural Resources Canada, four trial plots were established in Northern Ontario to
evaluate the growing conditions of Northern Ontario, to evaluate differentvw8lR@ varieties,

with results indicating relatively low yield$he 2011 Bioenergy Plantation Prograoncluded

that SRCwillow plantations have the potential to supply a significant amount of biomass within
Northern Ontario, with the research demonstrating high yields, and good survival rates of different

varieties.

6.1.6 Saskatchewan

Saskatchewan hdsad a number of SRC willow trial&dmichev et al (2015) assessed thirty

different cultivars of SRC willow in central Saskatchewas, part of the Government of
Saskatchewans ev al uat i onEaohfcultivar waspglasmited oo a 7arpbg 9 m plot with

four replications andharvested on a thrgeear cycle. Of the cultivars assessley found dirst
harvestyield range of between 5 tonnes/ha ahd tonnes/hawith a vari ety cal/l
Ch amp i doming theebestn terms of yield and survivabilifythe cultivar SX6lhad high
survivability with a lower yield of 8 tonnes/j243]. The study suggested that the lower yields
presented, for example the cultivar SX61 may have been ldweeto herbicide damage during

the establishment yeaheavy clay soil conditions restricting root extension or low nitrogen

availability.
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6.1.7 SRC willow production in Canada

SRC willow production in Canada is still predominantly focused on the pilot phase, with testing
of equipment, testing of different varietjevaluation of ecological impacts and benefits, for use

in riparian zones and for phytoremediation, with there being a small number of landowners/farmers
having attempted to produce SRC willow, with one grower in Nova Scotia and one small nursery

plantaton that is now no longer being managed.

6.2 SRC Characteristics, varieties, and yields

It can be expected that a wide range of yields will be achieved in relation to cultivar, climate, site
characteristics and selectigiable 6.2), planting densities, coppicingycle, and management
practices, with ranges of betweeriZ ODT/halyear equating to 21 36 tonnes of dry matter on

a threeyear harvest cycle. However due to the successful nature of SRC and the increasing
demand for bimass for energy generation, significant work has been conducted on the
development of new cultivars to achieve high yields, high energy content, lower mositest

and good bulk density.

Of relevance to Nova Scotia, has been a study conductétebyince Edward Soil and Crop
Improvement Associatigrirhe Government of Prince Edward Island and Agriculture and Agri
food Canada. Four SRAIlow demonstration sites were established in 2006 and 2008, on varying
landscape types (riparian, wet spot &igh sloped) at varying planting densities (4000 stems/ha

to 12000 stems/ha), with an accumulative planted area of 3]234a
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Evaluation of Agriculture and Agitood Canada research indicates the S®R@w and other
shortrotation species produoh is still under evaluation througiut CanadgTable 6.2)[245].

The objective of the AAFC is to evaluate technical, economic and policy issuewdhhl

determine the viability of largecale establishment of SRC species. The research components
have consi st e willow fvariebids éos largerscple §Br&tional deployment within
Canadabé, 6an evaluati on aWillowihor Qu eloratdtiopnoad i nt
woody crop (SRWC) practice issueine certification, yield, input, costs, site sustainability and

out put values, i nbidmasd pradgctioo ia agboforestrycsgsieirmrieretd , O
adoptingilmgr i cul tural | ands -har€asadméif hodat vgs e sd
t h econdmic opportunities and barriers to adoption of bioenergy production systems on

agricultural |l ands in Canadabé

Table0.2: Estimated yields of SRC willow varietiemnd Cultivars

Variety/Cultivar MJ/kg Yield 1st Yield 2nd Avg. Dry Bulk
rotation Rotation Matter Density
(ODT/halyea) | (ODT/halyear) (%) (kg/m3)
Beagle 17.7 10.2 11.14 48 157
Endeavour 18.6 51 179
Gudrun 49
Inger 16.6 47 176
Olof 17.7 10 11.04 45 161
Resolution 16.8 10.53 12.73 47 161
Sven 16.9 10.65 13.09 44 184
Terra Nova 18.4 45 170
Tora 16.8 10.52 12.8 44 171
Tordis 17.7 10.54 12.11 45 138
Torhild 17.6 9.27 11.84 44 169
Advance 10.62 12.39 49
Endurance 18.3 10.6 14.32 50 172
Meteor 10.18 12.67 48
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6.3 SRC Production Requirements

SRCwillow is a C3 temperate climate crop capable of being grown on marginal land, where
traditional crops would not be suitable, with research demonstrating productivity in a wide variety
of soil types, climatic and environmental conditions. The following stedmesitthe basic
procedure for achieving successful establishment of an \8R&wv plantation and the varying
factors that need to be considered when designing a plantation, beginning with site selection

through to delivery to the endser.

6.4 SRC Site Se lection and Land Preparation

From a site selectiostandpointthere are a significant number of variables to consider that will
have an impact upon crop performance, logistical and time performance and economic viability.
Productivity, in the form of aceptable biomass yields in relation to expected yields for a given
variety will be largely determined by soil characteristics and fertilitgmperature and the
availability of water and light.The ultimate goal will be to achieve a high yield with reztlic

inputs for cost effective production, energy input to energy output and carbon emissions.

Soil characteristics can be broadly broken down in the texture/type of soil, its structure, drainage

ability, thepH, and the depth available for planti(ifable6.3).

134



Table0.3: Soil Characteristics for SRC willow Production (Adapted from Abrahamson et al

(2002)[246]).
Soil Characteristic Desirable Characteristics Undesirable
Characteristics
Texture/Type Loams, sandy loams, Coarse sand, clay soil
loamy sands, clay loams
and silt loams
Structure Open, well developed | Significant compaction, nc
structure,
Drainage Moderate drainage Excessively rapid or no
drainage
pH 5.57 8.0 <5.5,>8.0
Depth 0.45m + <0.45m

6.4.1 Impact of Soil Texture on Crop Production

SRCwillow hasthe benefit of being capable of growing on a wide variety of different soil types
from sandyclay loams to heavy clays, howestes with coarse sandy soils and heavy clay soils
are poor locations for crop establishmeifihe use of heavy clay soisn at the outset result in
reduced water infiltration resulting in surface +offi with regards to rainfall and application of
fertilizers, risk of surface soil erosion and a risk of soil plating. Studies conducted have
demonstrated that the efficacydapenetration of fertilizers is significantly reduced in sites with

sandy soil§247].

As with traditional crops, the application of fertilizers to an SRi©w plantation has the potential
to boost yield performance, a study by Sestlal. (2014) found that the application of the

application of Nitrogen, whethenriough the application of N fertilizer, sewage sludge or manures
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will result in increased yields. Sew al. (2014)applied N in varying quantities from different
fertilizer mediums finding that the application of B§ of Nitrogenha/yearresulted in yeld of

11.90DT/hakearbut higher concentrations demonstrated no advantageous h24&fit

6.4.2 Impactof Soil Structure on Crop Production

Soil structure is defined as the arrangement of soil particles into aggregates, with aggregates
varying in size, shape, distinctivenesBoor soil structure will have a great influence on the
establishment and growth yield performance of crops, with a reduction in yields to be expected
regardless of climatic conditiorjg49]. The causes of soil compacts are well docuatentith

typical causes being as a result of heavy wheel traffic from tractor use on particularly on wet soils,
with compaction also caused through poor tillage practices and excessive livestock[@&Hing

[251]. Soils with poor/low organic matter and heavy clay soils are particularly prone to the risk
of compaction. The results of soil compaction are increase in bulk density within the soil, reducing
the air space and water infiltrati; consequently, compaction can be one of the risks causing poor

soil drainagd251].

The relationship between soil drainage and crop performance is well documented, with good soll
drainage being vital in crop productif®b2]. With a poorly drained soil, the risk of saturatam

oversaturation occurs leading to a reduction in available oxygen for growth.

The rate of soil moisture movement within the soil structure is directly related to soil structure

with the spacing and distribution of pore spaces in relation to pasirdeand particle type being
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the key factor in flow rates. In sites with heavy clay soils and suffering from compaction resulting
in large particle sizes and reduced or no pore spaces, soils will ba@iereogged Conversely,
in sandy and gravelly dsi with small particle sizes and very open pore structures, flow rates are

significantly increased resulting in a risk of drought situat{@58}].

Poor soil structure does not preclude the establishment of am@B@ plantation on a specific

site as evidere suggests that SR@llow can tolerate a wide range of differing site conditions,
however it can be expected that there would need to be significant site preparation and remedial
action to bring a site into effective production. The improvement oftsodtares is feasible with

the addition of appropriate organic matter from manures, using correct tillage practices and several

years of effective annual cover cropping prior to SRC establisH2EBit

The application of manures and organic matters improitessacture through increasing soil
infiltration and watetholding capacity in sandy soils, buitdp beneficial soil microorganisms

and increases nutrient retention. While amendments may be necessary, of critical importance to
the establishment of SR@ reducing competition from weed species in the establishment year,;
therefore careful consideration needs to be made with regards to the application of manures and
organic matter which would facility weed production. The use of cover crops, in larttathat

poor soil structure or that needs remedial action, is beneficial in several ways from indirectly
contributing nutrientsnitrogenvia legumes), reducing risk of soil erosion, help manage and

reduce soil compaction and contributing towards {targn buld-up of organic mattg253].
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6.4.3 Impact of pH on  Crop Production

Soil pH is an important factor with regards to plant nutrient uptake, with soils having a pH of less
than 5.2 resulting in nutrient availability and accessibility (Calcium, magnesitrogemn and
phosphorous being the major examples) being significantly reduced, while simultaneously making
elements including copper and iron which can be toxic to some plant sg2&eigs In soils with
moderately raised alkalinity of between 7.8.2, the solubility of elements includiranc, iron
andcopper is reduced, which can lead to the reduced uptake bysplkacies, irstrong alkaline

soils Phosphorus becomes insoluble, againg inaccessible to plants.

Within the Atlantic Canada region, most agricultural soils are considered to be acidic due to the
relatively high precipitation rate within the Atlantic region, causing the leaching of elements
including calcium, magnesium @rpotassium rbm the soil surface which leads to relatively
infertile soil, unsuitable, without remedial action for direct crop production. A soil pH level of
between 5.5 and.Bis acceptable for SR@illow production, which makes it an ideal, crop for

low gradeacidic land. Research conducted by Laureysgre. (2004)indicate that poplar (a

similar SRC species) was capable of acceptable growth with yields of between 8.0 and 11.4 halyear
in high pH soils with heavy metal contaminants. It should ledlsowever, that while production

of SRCwillow on acidic is viable. Where sites need an increase in soil pH, the application of

Lime is the most effective management metfiib].

While the chemical characteristics of pH and organic matter can be altered and the physical

characteristics of drainagedmroil structure can be modified by a producer to produce acceptable
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site characteristics, several factors of slope, soil depth and soil texture cannot be economically

modified.

6.4.4 Impact of Depthon Crop Production

Poor soil depth suppresses the development of root growth, leading to stunted growth and poor
yield performance, therefore sites should be selected with care. Available depth of planting is
important for SRGwillow production due to its potential maximumot depth of 2.5m [256]

which aids in the extraction of ground water, however care should be taken on potential sites with

field drains.

The ability of SRCwillow to produce reasonable yields with relatively low nutrients due to the
nutrient cycling of the species, there can be more flexibility in site selection, with options of
production on what may traditionally be considered unfavourable for food crop predoci®

considered marginal laff@57].

From an economical, logistical and management perspective, site selection should be constrained
by field capacity size (with influence of field access), travel distance to respective fields and travel

distance to storage depots, processing sites and to thesend

Land preparation prior to the planting is of critical importance to ensure thaiv#iB@ or poplar

have the opportunity for proper establishment with minimal loss. It is recommendéieltsat
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that are planned for SRC production are left fallow for at least one ydasites should be

ploughed (and where necessary-pliughed), harrowed and levelled out and where necessary.

6.5 Climatic Conditions and Nova Scotia Conditions

SRCwillow requires a significant amount of water to facilitate growth, therefore sites should be
selected that have good soil moisture retention, a reasonable water table and in areas where there
is adequate rainfall of between 960n T 1100mm/year Across therovince of Nova Scotia,

rainfall amounts annually were on average, between 1980 and 2018na@@&ar[258] with an

average historic annual number of rainfallyd totalling 131.6, which is projected to increase to

142.4 days by 2020, increasing to 146.5 days by 20&0le 6.4)

Table0.4: Nova Scotia Precipitation Values.

Historical 1980s | Projected 2020s| Projected 2050s| Projected 2080s
Winter 382.1 mm 398.4 mm 407.7 mm 428.1 mm
Spring 327.4 mm 337.8 mm 343.1 mm 356.3 mm
Summer 277.4 mm 282 mm 280.1 mm 280.4 mm
Autumn 365 mm 368.1 mm 367 mm 374.2 mm
Annual 1351.8 mm 1385.2 mm 1396 mm 1435.3 mm

Average temperatures for Nova Scotia in the summer months are projected to increase to 17.9C in
the summer, up from 16.9c in the 1980s, with 2050 projections estimating that summer average
temperatures will reach 19C. Winter months see an average pdojectperature 0f2.9

increasing te1.5 by 205QTable 6.5)
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Table0.5: Nova Scotia Temperature Values.
Season | Historical 1980s | Projected 2020s | Projected 2050s | Projected 2080s
Winter -4.1°C -2.9°C -1.5°C -0.2°C
Spring 4.2°C 5.1°C 6.2°C 7.4°C
Summer | 16.9°C 17.9°C 19°C 20.1°C
Autumn | 8.8°C 9.8°C 11°C 12.2°C
Annual 6.4°C 7.5°C 8.7°C 9.9°C

Further exploring average weather data within the province; indicate a growing season length of
192.2 days per annum by 2020, increasing to 209.2 days per annum by 2050, where the growing

season length is defined as those days where daily temperatured B&cé& x p | oeffectivegy 0

growing degree dayescDmWi ohi spNowvg Seedeados mall
climate cha2ge30]scemnmaern ®o0has been a manNKK&®d cha
baseline growing degree days and those projectecbfert we e n1 2Ai02309100. Thi s
significantly raised the number of growing degdsg/s throughout the province, raising a
significant proportion of the province from
effective growing degree days were 1,402 , 6 0 O , as outlined in the
System for Agricultural Cropso.

This has increased to >1,8@&GDD in the Southern and Western regions of Nova Scotia and

between 1,600 1,800 EGDD in Central and Northern Nova Scotia, dropping to01i,40600

EGDD in the Cape Breton region, classifying N

141



Average climactic data for Nova Scotia is favourable for the production ofvBIRW/, although

average precipitation is higher than that indicatgdbrahamsoret al.[246].

142



6.6 SRC Production Processes

Unlike conventionabeedbasedcrops that utilizes a seed drill, SR@low requires, due to the

nature of thestem that is planted, specialized planting equipment for planting. While there are a

wi de range of commercial planters available 1t
of the most common examples being the potato planter, the avajlabiBtRCwillow planting

equipment is limited.

6.6.1 Pre-planting

Sage (1999), states that poor site preparation, with specific reference to a lack of removal and
control of weed species can result in a growth loss of between 50 anth@0%b6given plantation,

due to the competition for light and sp4261].

With SRC plantations being a lotgrm commitment of up to 25 years, fplanting land
preparation is vital in ensuring a high rate of establishment and allowing for effective management
and harvesting in subsequent years. Regardless of whethemtatnopping land is to be taken

out of production, pastwiand is to be converted or disused marginal land is to be brought back
into production, there needs to be effective-planting site preparations therefore current
recommendations and best prees suggest at minimum, there should be the application of weed

control herbicides and mouldboard ploughing.
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For sites that have been out of arable production for significant time (pastureland and fallow land),
the application of a broadcast herbicidelsas glyphosate should be applied during active vegetal
growth phase to reduce the presence of perennial weeds, which based on planting schedules should
occur in the summer prior to planting (Year 0). Where land has considerable vegetation that
broadcasherbicide application is costly or unlikely to fully control weed growth, it is necessary

to undertake mouldboard ploughing. In addition, where arable sites or marginal land has been out
of production, it is likely that subsoiling may be necessary tovemany plough pans or soll
compaction that would inhibit root development. Subsoiling should occur in the summer months

when the soil is relatively dry to minimise the risk of damage to the soil structure.

On suitable soils, the site should be plowed minimum depth of 0.2% and power harrowed or
cross discing, and seedbed prepared six weeks before planting. The germinated weeds can then
be sprayed off prior to planting using glyphos&tites should be inspected to remove large rocks

and stonesotreduce impact of planting failure or damage to planting machinery.

While current best practices state the importance of effectiveplanéing site preparation,
according to a study conducted by Schetal. (2016),there has not been any significantdies
conducted irto different establishment methods of planting SRC, specifically in reference to pre

planting site preparatidi262).

The German study, beginning in 2010, evaluated several different methods oWiB&C
establishment; traditional mouldboard ploughing, chisel plough with an-gnol\ercrop and a ro

till system with varying permutations of chemical herbicides and meciamneed control
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methodologies. Results indicated that, while there was some successilimplamting with
broadcast application of herbicides, the most effective method is still through current best

management practices of mouldboard ploughing and pbareowing/cross discinig62].

6.6.2 SRC Preparation and Planting Designs

The design of an SR®@illow plantation should be extensively evaluated prior to actual planting
and establishment due to the letegm commitment of between 2225 years, with an incorrect
planting design havingagative impacts with regards to management and harvesting in subsequent

years of the plantation lifeycle.

SRCwillowpl anting stock is traditionally provided
from a nursery and aréirst year cuttings (yeaone in an SRCwillow cut-harvest cycle).

Depending on the supplier and the method of planning 8iR@v planting rods can be provided

in long lengths (whips) of between Irband 2.5n before being cut to planting lengths of between

0.25m and 0.3m, thiough a dedicated SR@illow planter. The dimensions of the planting rods
aretypically dictated by the plantingachinery buwill typically be between &nm and 20nm in

diameter.

There are a wide range of differing vigaints on the correct planting gties of SRGwillow
with ranges from 11,000 rods/ha to 18,000 plants/haaandmber of different planting design
configurations [263]. Armstrong and Johnf264] evaluated spacing and cutting cycles with

relation to bothpoplarandwillow species, found that firselvest yields increased with densities
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ranging from 4,500 stoolger hectarg¢o 15,625 per hectare. Bullaad al. evaluated multiple
different planting densities of between 10,000 plants petaineand 111,000 plarsa, with
higher annual yields beirfgund in more densely packed plantations, however from an economic
standpoint the high densities in excess of 15,625 gt@otko not make economic sense due to the

significant cost in planting and harvestii2$5].

Bergkvist and Ledin (1998) evaluated biomass yields and canopy closure of multiplyiBRC
varieties using different planting distances and densities, using single and double row spacing and,
finding that closer planting densities resulted in the carubpsing faster but that there was no
discernible difference in overall yield per hectare, despite increased risk of weed competition

[263].

There have been numerous options in plantation desigtingtavith traditional block design,
however for purposes of management and harvesting, it is prudent to plant in relation to equipment
operation and tractor/harvesting machinery dimensions. Within Europe current planting designs,
have a 0.75m spacing lbeten rows, a 1.5 between twin rows and 0.59.6 m spacing between

each cutting/planted rod giving a density of 15,000 cuttihg§Figure 6.1and 6.3.

Plantations in North America are similarly recommended to have this plantation diesagily,
the row length should be as long as possible to reduce the need for continual turning at the
headland, however there should be breaks within each row evenyn 15080 m to allow for
machinery access and crogmoval. Headland/buffer zone should be at a minimum ofri@®

allow for effective turning of equipmef265].
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Figure6.1: Recommendeplantingdesign.

Planting should take place between the end of April and the beginning of June, prior to these
months, the ground may still be hard due to frost in the Atlantic Camegilan, or it may be
waterlogged, with the result being difficulty in access, risk ol sompaction and poor
establishment. During this period, soil moisture should be sufficient to support plant and root
development, with sprouting to occur betweeeandtwo weeks of planting but can occur sooner
given the right soil and climatic conditis. There is currently no evidence indicating successful
Fall planting, thereforé can be considered that SR@low has a relatively short time period in

which planting should occur.
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Figure6.2: Field Preparation for SR®illow [266].

Three options of plantation are commophactisedhandplanting,which is acceptable for small
trial plot sites, seraautomated and fully automated systems. In commercial planting, the most
widely available type is sersiutomated, that requires varyinganpowerdepending upon the
plantation design required and the planting system used. Fi§l8esd6.4 demonstrates a
common stegplanter system, feeding in rods, which are cut adgtermined lengths or typically
20cm bebre being compacted on either side of the planter rod -ga@pers are the most effective
for largescale, highdensity plantations. The use ofrotor plantersis effective where there are

smaller densities and on more difficult terrain.
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Figure6.3: 3 Rowstepplanter[267].

Figure6.4: 2 Row step Plant¢268].

Lignovis, one of the most established SRC management companies within Europe sigerate
different planting system configurations tailored to different planting designs, planting densities

and site conditiong269] (Table 6.6)
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Table0.6: Lignovis planter typef269]

System Planting Configuration
Ligno-Planter 3 Single Rows

StepPlanter 3 Single Rows or 2 Double Row
StepPlanter 2 Single Rows or 1 Double Row|
Rotor-Planter 2 Single Rows

Rod-Planter 2 Rows

6.6.3 SRC Management

SRCwillow, in similar fashion tgoplar andmiscanthusundergo Nitrogen and nutrient cycling
through translocation to the root system from the foliage during the leaf senescence phase of
growth in the lead up to the winter months when the harvesting is undertdkdrients not
translocated and lost via leaf senescence and abscission will fall as leaf litter, acting as a source of
organic matter and nutrient cycling within the soil, with a secondary benefit being weed

suppression postarvest in the harvest cyclears.

Pests

Research for the North American market, state that tlerebeen no significant crop pests found

in SRCwillow plantations, however during the first year of growth and after each subsequent
harvest, mitigation for grazing by rabbits, snowsh@are and deer may have to be considered.

Within Europe, therera a number of common pests that have not made their way to North
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America includingleatherjackets, thiarvaeof craneflies Tipulidag, which would feed on the
roots and shoots of newlytablished SR@villow, where there are no other available food sources.
In such instances, there may be need for the application of a-fpeattum insecticide, which
should be applied prior to plantation establishment. Protection from mammals camageoh
through the installation of wire mesh fencing, including extending underground to prevent

burrowing from rabbits/hares.

6.6.4 SRC Harvesting

Harvesting is conducted after leaf fall in the winter months, between the months of
November/December dnApril depending upon weather conditions, which typically coincides
between leaf senescence/abscission and the development of new buds in thEigjmad.5)

Under ideal conditions, harvesting should occur every three years, however due to weather
conditions, drought or poor site conditions, harvesting may be increased to every fourth or fifth

year.
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Figure6.6: SRCwillow stand- 1 year growtHj266].

There areseveraharvesting options available, however for lasgale production and harvesting

it would be necessary to source a dedicated harvesting system.
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During the first year giwth phae (Figurés.6and6.7), it can be expected that there ar¢ &ems

per stool/plant, to facilitate further growth and stem development (8 to 10 stems per plant/stool,
and to encourage rapid growth and canopy development the plantation should be haweested
weeks after leaf fall and before bud establishment in the sp2ig]. Abrahamsoret al.
recommend that the most time effective aodteffectivemethod of first year harvest is through

the use of a sicklbar mower or rotary mower

Figure6.7: SRCwillow Stand- 1 year growtj266].

6.6.5 Harvesting equipment

The harvesting of SR@illow is a relatively straight forward process, with the SRilow
plantations being harvested orthaeeyearcycle. SRCQwillow is available to harvest after leaf
fall has occurred, where the diameter of the trunk shoulchdre than65 cm. After leaf fall,

harvesting can occur at any time before new shoot and leaf development occurs in the spring.
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While the window for harvesting is relatively long, harvesting operations will be dictated by

climactic conditions, fieldiccess and field conditions.

There areseveral harvesting options for SRflow ; modified forage harvesters incorporating a
chipping system specific for SR@Ilow andpoplar, a small scale harvester and chipper attachable

to a conventional tractor with PTO $han SRCcutterandbaler, agrip andcut head or manual
harwesting with detailed research having been conducted in to different harvesting methods and
performance$204, 209, 239, 240, 241] Research conducted by Vanbeveetral evaluated

seven of the most available and effective harvesting systems that have been on the market for a
number of years, finding forage harvesters to be the predominant sy2#&hs Vanbeverarmt

al. (2017) state that the most common and the market dominating technology is the single pass

cut and chip harvesting, followed by double passanatstore forage harvestirig71].

Forage harvesting systems operate under the principle of using dedicated cutting headers to first
cut down SRC, push the stems down as the system moves forward before continuously feeding the
stems in to the system whereyhcan be subsequently chipped in to either a trailer being towed
behind the system or blown in to a dumper truck being separately operatedidmtite harvester

[272].

Mower choppers are typically tractor mounted or pulled systems and operate under a similar
principle as forage harvester, but typically produce larger chip sizes than forage harvesters
however according to Pecenka and Hoffm@&wil5) there has been sifigant developments in

the technology allowing for vertical harvesting and chipping which has several advantages
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including the ability harvest denser and older plantations and an increased flexibility in deployment
[272]. The cost for a forage harvester is in the range of $50,80250,000 per unjR04, 239],
however these systems are manufactured and produced within Europe and this cost does not take

in to account any import taxes or shipping expefisable 6.7)

Table 0.7: Average cost of SRC willow harvesting equipmi@n3].

Bio- Small-scale| Medium Large Scale Billet
Baler Forage Scale Forage Harvester
Harvester Forage Harvester
Harvester
Cost $/ha 830 900 570 623 934
Speed of
Harvesting 2.2 2.6 4.5 5.6 4.5
Km/hr
Fuel Used (1/ha) | 196 231 109 97 101
Time taken for 5 4.2 1.7 1.4 1.7
harvest
No of Operators | 75 2.25 3.25 3.25 3.25
Capital
Investment 760 497 1,067 1,258 1,018
($000)
Specific Capital
Investment 289 46 169 259 539
($000)
Product Round Chips 3i Chips 3i Chips 3i Billets (1207
Bale 15mm 15mm 15mm 200mm
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The PEI study in to SR@illow production[234] evaluated a harvesting head traditionally used

for forestry, which operate using an articulated arm with a grabber and a mechanical saw, where
the harvested stems can either be stored as large stem, placed directly onto an adjacent loader or
the stems can be fed in to a chipper before being deposited in a n adjacent dump loader. This
system can be mounted on téractor butwill require a dedicated trained operator and it can be
expected that the harvesting time would be significant dukntited volume of material that can

be harvested at a given time and the experience of the operator. The study priced the system at

$8,000%$9,000 per unif234].

Figure 6.8, developed by Innotech Alberta, is a combined harvester and choppeathate
mounted on to a conventional tractor via PTO shaft; with the system designed to be pulled behind
a tractor, specifications indicate that 2l@2could be harvested in a standaighthour period

(Figure 6.8)

Figure6.8: Prototypewillow harvestef274].
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Figure6.9: Harvest and chipping systd@i’5].

One of the advantages found within the Europ®aion that has not translated to the North
America is the development and use of planting and harvesting machihernajority of SRC

willow harvesting technologies are developed and manufactured in Europe, with notable producers
of the technology beinglenriksson Salix ABHenrik (Figure 6.9)[276], who have developed a
chipping header which can be attached to-gedpelled forage harvesters. The current costs are
estimated to be $540,000 per unith the system capabt# harvestingat a rate of 1.7ha/hr also
produces a billet harvester, capable of producing billets (cuttings) of different lengthScfh2
18-22cm and 280cm). Cuttings lllets) are capable of being combusted in CHP systems
provided the system is designed to do so, however the main benefit to the billet harvester would
be for SRCwillow nurseries, with production and preparation of billets liable to being sped up,

reducing the time it takes for cuttings to reach refrigeration.

Within Canada there is currently limited planting and harvesting technology available, with the

majority of SRCwillow research, having been conducted using either imported equipment from
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the United States of America or Europe or hatahting and harvéimg. However there is
currently one manufacturer of dedicated harvesting technology in Canada which was utilized in
the Northern Ontario Study, the manufacturer GR Andersompiuoakiceda compact harvesting

and baling system called the Biobd277].

According to GR Anderson tH&iobaler has advantages over traditional forage style harvesters
as it can be towed behind a tractor, and using a single pass, with one operator it will cut, and
compat biomass (SRC) in to 56800 kg bales, which can either be directly collected or left in

situ for drying purposes. The company state that by producing round bales of biomass, bale
moisture content will drop from 585 % to 1820 %. The company furth@roduce a dedicated

selfloading bale carrier, to make the transportation of bales easier.

6.6.6 SRC Storage

SRCwillow cuttings acceptable for planting are produced in nurseries, therefore within Canada
there are only a limited number of SRf@low cutting suppliers. SR@illow stems and cutting

are harvested during the dormant phase of plant in the winter months, generab f t er 1 vy ¢
growth. After nursery harvest, the SR@llow feedstock is typically wrapped in plastic followed
continued refrigeration/freezinglC i -4C) to ensure viability and retain moisture content is
maintained246]. Due to the nature of the stored SRilow feedstock and the recommendation

that it is not thawed and refrozen, it is necessary to have as short a time as possible between being
shipped from the nursery to the plantation site. Planting stock needs to be maintained in a

refrigeration state wheré will remain viable for several weeks to accommodate planting
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schedules. Where refrigeration is not possible, 8RIGw feedstock can be held in a cool and
moist environment for approximately one week; exposure to excess heat or direct sunlight will

significantly reduce establishment viability.

6.6.7 Post -harvest storage

Moisture content directly impacts the calorific value of a wood fuel due to the energy requirements
used in evaporating the moisture content which is defined as the latent heat ch#wapdn
biomass with high moisture content, the net calorific (or useable energy) will be reduced with a
high moisture content, therefore it may be necessary or desirable to reduce the moisture content

through either passive or active drying.

Figure 6.10: Baled SRGwillow.

Depending upon the requirements of the final user, 8BIR@v may be either harvested and stored
as bundles prior to further processing or directly chipped then stored prior to being sent te the end
user. Where there is a need for drying, SRC can be stored in bandissaround the headlands

of the SRC plantation site to allow for naturateiying (Figure 6.10) Relocating SR@illow to
159



a storage site will require SRC bundles to be raised the ground to facilitate natural alrying.

From the point of harvestoisturecontent can be expected to be around 50% depending upon the
variety used, with moisture content dropping to 20% by the beginning of fall, should a further
moisture contenbe required it is recommended that bundles be stored in a covered area with

adequatairflow.

Where chipping is conducted in conjunction with harvesting, a minimum of two tractors with
trailers is required to ensure continuous harvesting, while SRCivemdel to storage for use or

drying. The drying of SRC wood chips follows the drying of any standard wood chip product,
requiring covered storage. The drying process for chipped biomass occurs in two stages starting
with the 6consthanits dtrhyel negv arpactreabt,i omnh iocf wat er f
The second stage is termed as the o6falling dr)
within the chip to the external surface of the chip. Drying options can be passivghtiiadural

ventilation or the drying process can be facilitated with heating and forced air.

6.6.8  SRC Transportation

The transportation of SR@illow from production location to the ender of central storage
facility is dependent upon any processingttbccurs during harvesting. The most common
options are cuaindstore cwHandbale and cuindchip. Depending upon the harvesting system,
the harvester can simply cut the standing S®R®w, placing the cut material directly on to flat
bed, followed bythe removal of the cuvillow by a forklift to be deposited at locations within

the field or at a nearby storage site. An example of themdistore system is through the
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utilization of the 0St[2/&s tCatandbdlK systdms imarporates t i n g
both cutting and baling typically within one
the bale directly on to the site, requiring removal prior to new shoot developmeetefthy be

need for a separate bal¥y7]. Both CutandStore and CutandBale systems require additional
equipment to facilitate the removal of the cut biomass from the plantation area, @itrens

around the field or to a centralized storage area-aB@dChip systems, require the use diigh
capacityforagetrailer for transport and temporary storage. The benefitsiofg aCut-andChip
systemarethe higher bulk density allowing foransporting greater weight per unit volume thus
reducing transportation costs, reduced storage requirements for thieezrahd a reduced need

for processing equipment on the eugkr side.

6.6.9 SRC Production Timeline

The production of SR@illow for onespecific plantation accounts for, average, 224 years
(Figure6.11), with a first harvest seen in year 4, based upon a tyipicsdyearharvest cycle, for
commercial producers of SR@llow, to meet demand, producers are required to have multiple

plantations to ensure yearly harvests from year 4 of the first planation.
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Figure6.11: SRCwillow Production Timeline Adapted from Abrahamson et(@002)[246].

6.7 Economic s of SRC willow

The economics of SR@illow production are more complicated than traditional crops, with
several factors influencing the financial success of production and the-oeturmestment not
being realised in the first several years of production, often requiring some form of future
forecasting based upon potential yields and estimated financial doagitional crops typically
operate on a shetime frameg.g.,planting in May, harvestingniOctober/November of the same

year, with wellestablished markets for crop products.

Currently there are a very limited number of accessible financial models available to evaluate

production and distribution of SR@illow or poplar due to their beingetatively limited

production within North America or indeed the EU. Where there is a reasonable concentration of

162



production, as in the case of the Swedish combagmovis, there will likely be internal financial

models evaluating production and logistics

6.7.1 Economic Forecasting and Modelling

Decision support systems (DSS) defined as information systems that provide guigaim
decisionmaking activities and include economic analysis, cost/benefit analysis and can provide
analysis ofdifferent pathways for decision makerBecision support systems shouid able to
compile and generate useful and meaningful information and offer viable options or outcomes
through the analysis of raw data and via allowing the user interaction totev@ifferent courses

of action.

There are a wide range of DSS that are used across all sectors (business analysis, financial, risk
management, policy analysis and it is now increasingly being applied to social decision making
all of which use a wide range combination of different Mulicriteriadecisionanalysis (MCDA)
methodologies goal programming (GP)analytical hierarchyprocess (AHP), anchulti-attribute

utility theory (MAUT). DSS have also in recent times been applied to evaluate variousdngle

the biomass industry. Tabl6.§) provides examples of some DSS that have been developed for

the use of using both forestry and agricultural biomass.
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Table0.8: Example of DSS for BiomasAdapted from Mitchell (2000[279].

Existing Model | Description

AUHDSS Aberdeen University Harvesting Decision Support Systeised for the
development of wood fuel supply strategies from conventional fore

BEAVER Biomass Economic Evaluation and Appraisal Exggdteni an expert
system to estimate the cost of biomass production in Europe

BIOCOST Bioenergy Crop Production Costs ModeEconomic cost accountin
tool for biofuel production in America and Canada

BRAVO A GIS decision support system for calculatimgnsport and deliver
costs from field to end user.

CDSS Coppice Decision Support Systéimevaluates economics of coppi
production

CHDSS Coppice Harvesting Decision Support SysieAn economic model fo
coppice production, harvesting, storage aadgport

Ecowillow 2.0 | Basic Financial Model

Electricity from| Models the energy rate of return for using coppice for electr

SRC generation via gasér.

SRCpoplar Used to estimate the cost of harvesting SRC

Each of the above specifidSS are location and operation specific antile there are a wide
range of different DSS and metlwogies available, none of the decision support systemetion

in relation to the specific needs of Nova Scotia and due tedtyéng requirementsthat need to

be met to enable a productive and effective DSS; no one specific MCDA methodology is suitable.
In addition, there is a lack of availability odecisionmaking models to evaluate SR®@illow
production. Within Canada thélevelopment of DSS tools is minimalith the exception of the
commonly used Decision and Analysis Tool RETScreen Soft{2&@ which looks to aid the

user in project feasibility analysis for renewable energy projects, however there is limited scope
for biomass application. The University of British Columbia is currently in the process of

developing a DSS for bicass with desired outcomes of profit maximization and environmental
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impact minimizatior{281], however it is unclear what the scope or reach of the DSh&s State
University of New York have developed a basic ecomic model, designed to evaluate the cost
production of SRGwillow, modelled on a traditional crop production model but incorporating
SRCwillow specific production methods and providing guided suggestions on potential costs and

is intended for the Americamarket.

6.7.2 Cost of SRC willow

The cost of SRWillow cuttings and rods will vary region to region and will depend upon variety.
Of available crops, SR@illow cuttings and rods are considerably more per unit in relation to
other agricultural mps. Within the United Kingdom, one of the largest suppliers of BRGwv
cuttingsoffers thirteendifferent varietieof SRC willow, which offer a scaling price in relation to

the number of units purchas€rthble 6.9)

Table0.9: UK costs of RC willow cuttings.

NUMBER OF UNITS | PRICE PER 20 | PRICE PER 40 CM| PRICE PER 60 CM
CM CUTTING CUTTING CUTTING
45 000- 150 000 $0.15 $0.27 $0.39
5 000- 45 000 $0.19 $0.32 $0.46
1 000- 4999 $0.27 $0.50 $0.70
50071 999 $0.43 $0.70 $0.91
5071 499 $0.51 $0.77 $1.01
<50 $0.94 $1.42 $1.83
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Table0.10: UK costs of SRC willow rods.

NUMBER OF PRICE PER 1.4 M ROD PRICE PER 2.0 M ROD
UNITS
> 15 000 $0.87
4'500- 14 999 $1.01 $1.23
15004 499 $1.33 $1.44
500- 1 499 $1.80 $2.19
507 499 $2.15 $2.79
<50 $3.28 $3.42

Commercial SRQvillow varieties within Canada similarly range widely depending upon variety
and the location of the suppli€rable 6.10) While not a biomast-energy supplien,..akeshore
Willow s provides cuttings of SR@illow at $1.75 per rof282]. The cost of SRC can be attributed
to severalfactorsincluding the relatively small number of suppliers, the cost of planting and

harvesting, the storage cost including the requirement for continual refrigeration.

One of the isses surrounding crops harvested on a mydtr cycle, relates to the income
occurring only on the harvest years, assuming the biomass is being directly sold. The cash
outgoings for SR@villow are predominantly skewered to the establishment years, folloyvid
harvesting years within the interim year seeing reduced outgoings for SRC growth years. In
practicality, planting and establishment must occur on staggered years to ensure a continuous
supply of biomass feedstock, with the first harvest beingerfdhrth year.In the case of SRC

willow cash incomes, incomes will be received every three years or at the point of harvest and

delivery. Cash outgoings for SR&llow are heavily skewered towards the establishment year,
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followed by the harvesting years. Interim years will see reduced costsefgpecific fields in

production.

The planting of SRC involves significant upfront costs, however a number of the costs are well
defined due to being common practices, including mowing, ploughing, subsoiling and the
application of fertilizersherbicidesand insecticides. The costs tha¢ currently highly variable

relate directly SR@illow production; the sourcing of planting material, planting, harvesting, crop
maintenance and the storage and drying of SRC where necessary. The high variability and
undefined costs for SR®@illow produdion can be attributed to the lack of commercial production

within Nova Scotia and Canada in general

6.7.3 Field Preparation

Each of the field preparation costs require standard farming equipment, therefore for an existing
farmer/landowner the equipmestiould be readily available, with the necessary field work being
achievable by one operator with 1 piece of equipment available. Typical Qaradis are
presented in Tablé.11 and are general consistent throughout Canada, with fuel and labour cost

being the main variables.
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Table0.11: Average field preparation costs within Canada.

Operation $/ha
Mouldboard Plow 71
Chisel Plow 59
Disc 39
Subsaoill 72
Packer/Roller 19
Harrowing 14
Tillage 42
Mower Pull Type 47
mower selpropelled 57
Herbicide Application 24
Inter-row Weeding 35
Rotary hoe 20
Fertilizer Application 29
Insecticide 109

6.7.4 Planter Costs

Arguablythe costliest factor in establishing a SRillow plantation is planting the rods, with the
options being hand planting, requiring a dedicated team of planters with a planting rate of 20 stems
per person per hour or the use of a step planter systemnckilythe cost of a planter can be

more than$250,000, which would not be financially prudent if the system was not being in

continual use.

Within Europe, with an already established SKIbw market, the alternative to a direct purchase
is outsourcingor lease a dedicated planting system from a dedicatedvBR@ management
company. Within Sweden, the largest provider of SR{Ow services id.ignovis, who operate

nine different planting machines of varying design depending upon the plantatign. d€kis
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method of leasing equipmeaircumnavigates the direct purchase cost for a limited use piece of

equipment, however currently such options are not available, certainly within Nova Scotia.

6.7.5 Harvesting

Access to planting and harvesting technology is one of, if not the biggest barrier to individual or
farmer ceoperatives producing SR@llow [283]. Pecenka and Hoffmarf@015)state the access

to harvesting equipment on a farm or in a given region whereV@Rv is to be produced will

be a criticafactor in SRQwillow production[272]. Vanbeveen et al.(2017) state a similar case

of farmersor producers being reluctant to produce SKillow or poplar, stating thahe planting

and harvesting costs will influence production but the availability of a planter and harvester locally,
even on a rental basis, will improve the economic viability of SRw production[271].
However, it is further stated that there needs to be a wise selection in the choice of harvesting
equipment, in relation to equipment size and field conditions, stating that harvesters will function

properly only of frozenhard,or at least dry soil.

6.7.6 Dry ing

Drying costs vary significantly, depending upon the drying system, current moisture content of the
SRCwillow, harvested condition and intended moisture content, within Ireland the average cost
of drying is $44 per tonne based upon a chipptmted,and covered system with no automated

drying and periodic mechanical turning of biomass piles using-éodtbucket loaders. Field
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drying in bales, accounts for little-no cost, but will take longer for the desired moisture content

to be reached.

6.7.7 Financing Planters and Harvesters

There are a number of opt®ravailable for ensuring economically viable harvesting (and
economical planting at the outset). Ensuring econcpofissale for biomass production is a clear

path forward; having the requisite lainbased resource, a clear market outlet and significant
copital funding available for largecale production would make the purchasing of equipment
economically viable. Examples of this can be seen within Europe, with the Swedish company
Agrobransle, in conjunction with contractors, being able to manage anesh#me majority of

SRC plantations throughout Sweden, operating seven harvesting machines since 2003. This is
achieved through having centralised production and management control ofwHB@

production, with minimal or nanput fromlandownerr farners.

Lignovis operate a similar approach to SRilow production, but in addition, currently offer a
wide range of services across Sweden, from the provision of8IR@ planting material, to the
rental of planting and harvesting equipment (withnied labour) to the full on management of
SRCwillow from Site Selection to the delivery of SR@low to the Enduser[269]. Thisis a

prime example of a commercial enterprise being able to provide a vertically integratedayeulti
service within Swedergontrolling all aspects of the supply chain.

Within Atlantic Canada, and North America in general, there are currently no enterprises involved

in largescale production of SR@illow, nor any enterprises that offer rental services for SRC
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willow plantingand harvesting equipment, therefore alternative options of obtaining machinery,
precluding direct purchasing, would need to be considered. Two options for obtaining machinery
that have precedence are through Governraemed equipment stores or througke formation

of cooperatives. As highlighted through the UK example, there is precedence for equipment to
be purchased by a government for use by agricultural prodhosvever this is an unlikely option

for Nova Scotia, based upon there being no cupgrams offered by th@rovincefor equipment

in any industry.

6.7.8 Purchased by a Group of Farmers ona Co -operative Basis

Removing the need for governmévdcked programs offering services, wouldhr®ugh the use

of cooperativesused for the purchamy and pooling of resources. Cooperative structures are used
within the agriculture industry and result in individuals agrierprises reducing their expenditure

and need for heavy investment in equipment and machinery, while obtaining access tm&amyer,
efficient,and advanced machinery that may otherwise be unobtainable. Cooperatives can operate
under a closed system, with a clearly defined number of participants, or opeogeEnasystem
allowing for new participants. Both forms of ©ps typcally operate under a btg, with

participants agreeing to a defined usage period proportionate to their invel2adégnt

Within Quebec, Canada, théoo p ®r at i ve doéut i | i s,adeveloped adde mat
managed by thMinistere de I'Agriculture, des Pécheries et de I'Alimentd2&5], are legal co
op structures used to ensure low costs within the Quebec agricultural industry. Within Quebec,

CUMAs are developed between,mainimum, five agricultural enterprises, who aim to share the
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costs and benefits of joint ownership of machinery, equipment, inputs and tools; demonstrating
their use in Canadian agriculture. The use ebpatructurebasappeal for SR@Willow harvesting
technology, due to the high cost of harvesting equipment, given their limited annual usage time

for harvesting but longerm service requirement

While there are a number of dedicated harvesting systems available, developed predominantly
within the Europan market, access within Atlantic Canada is currently limited. Currently within
Ireland, whole stem harvesting costs are estimated to bpe$58y tonne of harvested material,
assuming a field drying processhipping postharvestis estimated to be 8lper fresh tonne of

SRCwillow. The cost of direct chipping upon harvest is estimated to be $44 per dry tonne.

Based upon the current price of SRillow planters and harvesters, the most economically viable
option, without the need to provide subsglifor production or tax incentives, or the reliance of
heat or energy generating incentives would be to have available SRC equipment available in the
province. Located in the centre of the province; most areas of Nova Scotia (and parts of New

BrunswicK can be reached in four hodtsnded by Commercial Enterprise.
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CHAPTER 7 EVALUATION OF NOVA SCOTIA T CAPACITY

AND VIABILITY

7.1 Nova Scotia Land Capacity

In evaluating the potential for SRC willow production in Nova Scotia there needs to be an initial
sound basis for production in the form of a market or a user of bi@ndsspacity for production.

Nova Scotiacomprises of 5.5&81ha of land of which 4.2Kiha is forestry lanf86], both public

and private, of agricultural land there is approximately 403,044 ha in varides staproduction

or use including; arable land, dairy, poultry, hog and mink farming and woodland lots, managed
and operated by close to 4,000 farfhgl, 115] As of 2019 there werene hundred and fifty
eighto Regi st ered Buyero6 users of Primary Porestr
per annum, sharing the reported provincial PFP harvegBa#,626m° (coveing approximately
29,210ha) which relates to 0.7% of the 4 @Thaof forestry within the pvince (Figurer.1). Of

the total 2019 harvest, 6.1% went to energy generation; similar to 2014 after a dip in biomass to
energy generation in the intervening yeallgva Scotia has seen a decrease in the forestry industry
resulting in the closure of aimber of mills, therefore forestry harvesting has dropped significantly

since 2005 (Figure 7.2).
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Figure 71: Forestrybiomass in Nova Scotia.

Considering the availability of forestry biomass as a resoui@e,800 ha of the forestry is
unavailable for harvesting due to protected status (e.g. Cape Breton National Park, Kejimkujik
National Park) and 604,0ta of public forest is subject to forest management agreefi2&ais

2013 data classifies 1.h hect ares as O6Certified Sustainal

Standards Association, Sustainable Forestry Initiative or thetFat@sardship Councjk88].
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Figure7.2: PFP production and harvessta [173].

Of the 403,000 ha in agriculture it is estimated that there is approximately 235,000 ha of arable
land [289] in variaus states of use, including; rotational land, long term use land for blueberry
production, orchards and viticulture, silage production and inactive land. However, it should be
noted that this estimate is based upon the previously completed Agricultamal Identification

Project completed by the Nova Scotia Department of Agriculture in |Z89. Research is
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currently being conducted by the Applied Geomantics Research Group to identify Agricultural

Land Use within the provind@90], which will hopefully update the previous 1998 research.

Based on avkable GIS data for land classes (drainage, slope, stoniness, water table) and soil
characteristics, types and qualify’6, 177] and agricultural land usag291], ahotspotanalysis
performed identifies thquantity of suitable inactive land inlation to fieldto-field proximity, in

relation to road access and to approximate potential yiSlHE)(based upon land class and soill
characteristicgFigure7.3). Analysis suggests that the most viable county for production within
the province would & Cumberland County with 2,252 potentially available hectares with a
potential 23,413 tonnes/year, followed by central Nova Scotia counties, however there are six

counties where there is no suitable inactive land for production.
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Figure7.3: Hotspotanalysis of Nova Scotiagriculturalland
Nova Scotia Forestry is considered to be of N

purposes, as important environmental habitats and for recreational purposes, however with the
increase in biomass energy systems, especially those run bytN&®Rlis growing concern that

bi omass energy derived from forestry is negat
The greatest concern relates to the environmental impact which has been the focus of a number of
environmental/ecological organizatis and the potential environmental impact has been taken up

by the media, with an increasing number of articles and published statements in relation to the

sustainability of PFP for electrical generat[@i9, 180].
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One of the largest Biomass Facilities in the province (Port Hawkesbury) is reported to consume
between 650,000 and 750,000 green tonnes of biomass per §@dim According to Nova

Scotia Power, prior to the facility going online, the biomass feedstock to be utilized by the facility
would be from wood waste; wood that has no other commercial use due to defects or forestry

residue.

However despite this commitmenin a 2015 newspaper article, NSPI stated that only half of the

p | a requidesnent was being met using wood waste from Port Hawkesbury Paper, sawmills and
other wood using enterprises within the province. This leaves half of the facilities fuel
requiremats coming from PFP either from within or ewith the provincd182, 183]. Opposition

to the practice of using PFP for the facility clatinat it leads to a reduced availability for other

operators and impacts upon recreation and forest sustainf8ity180, 179].

While there are opponents suggesting that biomass for electricity is unsustainable, the arguments
against biomass energy generation havendt beel
that a largeroportion of NS forestry is either protected or sustainably managed, with harvest data
demonstrating that the yearly harvested areas for the last four y8a6si (2020) are at their

lowest compared to a peak of 69,7&iin 1997 Figure 7.2)297].

While there are conflicting opinions on whether forestry biomass and in particular PFP is
desirable/suitable feelectricity generation and its potential impact on forestry sustainability, the
technology is unlikely to be removed, however due to public concern the Nova Scotia Government

has removeRundhel edgviussitat i on t hat r eviyMubiomass NSP |
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generating power station from operating at full capacity, with the released statement citing
concerns from Nova Scotians surrounding the potential impact of using Primary Forest Products

for energy generatiof298].

Concerning the use of agricultural land for biomass production, whether at an individual farm scale
for use on farm or for large scale production and usage, there needs to be dicla@onrthat on

Nova Scotia land, there is the potential to produce biomass cropsiiB&Zor miscanthus) and

that potential yields can be predicted to a degree of accuracy. Having accurate yield predictions,
through accurate crop modelling, cropIgiand literature data gathered from nearby locales with

a similar climate (e.g. Prince Edward Island, New Brunswick, Quebec) will help to improve

investor confidence in establishing businesses that produce and utilize agricultural [299pgss

Trials of SRC Willow in Southern Qbec and New York State suggested that there is the potential

to achieve yields of up to 230 ODT/ha/yea based upon specially selected varieties and under
controlled condition§300] but that yields are more likely to be in the range e12@DT/ha/yea

[187, 188]. In a longterm trial conducted by Labrecqee¢ al. have demonstrated that yields of
10-15 ODT/hal/yea can be achieved with various varieties of SRilow [303]. Miscanthus,
another popular agricultural biomass crop has also been trialed in Canada, with yields greater than
300DT/ha/yea being achieved in Southern Ontgi3@4] and a crop that has been trialedNova

Scotia[305].
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7.2 Nova Scotia Energy Generation and Current Biomass utilization

Nova Scotia, has an energy mix of 69.7% from fossil fuels, 3.7% from imports and 26.6% from
renewable energy sources of which biomass representd38% The Nova Scotia Government

aims to reduce the provinigereliance on fossil fuels with a target of 40% of energy produced
through renewable means by 2(203], of which biomass energy generation will be a contributor.
Biomass usage within the province is coesed a significant fuel resource especially within the
residential sector where 26% of home heating systems use wood or wood pellets, with only Prince
Edward Island (PEI) using more wood based heating systems [36%h)As of 2016 Nova Scotia
Power Inc (NSPI), have two biomass facilities; the 63.1MW NSPI Ravikesbury Biomass

System and the 27MW Brooklyn Energy Centre.

In 2010 the Nova Scotia Government began the Community-iReeariff (COMFIT) program,

which aimed to develop the renewable energy capacity of Nova Scotia, by encouraging groups
within the province to invest in and install renewable energy technologladiimg; wind turbines,

hydro power, solar panels and biomass systems. There were a toted btindred and thirty
approved COMFIT applicatioras of the end of 2015 (Figuved); while wind turbines were the
predominant technology approved within theypnce withone hundred and sevennd turbine
systems ranging from 1M to 10MW, there weaigteenbiomass systems approved under the

scheme which includes CHP, biogas amthicipal solid wastesystems (Figuré&.5).
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Figure7.4: Awarded COMFITapplications[49].
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Figure7.5: Approved Biomass COMFIT Applications@ Installed Capacitj49]

This will take the existing installed biomass generating capacity (COMFIT and NSPI Facilities)

from 105 MW as of 2015 to aestimated 139.4 MW by 2018The COMFIT program is now
181



closed to new applications as of early 2015, with the Nova Scotia Government citing that the
program had achieved its aim of the program and that to continue, there may be a negative impact

upon PoweRates within the provind@08].

Nova Scotia currently has an aged electrical distribution system, which restricts the available
capacity @pending upon location which limits not only the installation of biomass energy
generating facilities but reduces the ability of applying all other renewable energy technologies.
Currently there is an estimated 298 MW of available grid capacity throutifeoptovincgFigure

37), with the greatest capacity being within Halifax Regional Municipality with 209 MW available
of which the majority can be found within Halifax and Dartmouth, however due touitieup
environment, the potential for installingoonass facilities is greatly reduced due to the typical
sizes of biomass systems, the need for storage and access. Ranking secauaiigytbé Cape
Breton, where the grid capacity éstimatedo be24.9 MW, this capacity can be found within the

city of Sydney and surrounding environs.
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Available COMFIT Capacity (MW)

Yarmouth m 552
Victoria | 0
Shelburne 1 2.81
Richmond 1 1.7
Clueens m 486
Pictou » 3.3
Lunenburgh mm 524
Kings == 135
Inverness | 1.1
Hants m 479
HIFT ———————————— e (O O
Guysborough ¢ 2.89
Digby | 0
Cumberland = 591
Colchester 0.3
Cape Breton . 24 94
Antigonish 1 1.4
Annapalis 1 1.83

Figure7.6. Available gridcapacity[309].

While Nova Scotia has an aged infrastructure, NSPI is in the process of upgrading the grid
infrastructure, with a forecasted $281 Million to be spent on transmission systems for load growth,
system reliability and for renewable enengiegration between 2015 and 2019 and $421.6 million

on distribution systems focusing on load growth and reliability between 2015 an{320].9

Dueto the small and relatively dispersed population, the funds necessary for expediting the rate of
infrastructure improvements is not available due to NSPI being unable to increase electricity rates
much further. Nova Scotia rate pay@ave already received a 3% increase, seen in both 2013 and

2014, and furtheof 1.7% in 2016, 2017 and 201® deal with the closure of several large power
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users, of which significant revenue were previously taken. The increase in coal prices, the
mandated emissions reduction targets and a need for energy security leading NSPI to heavily
investing inrenewableenergytechnologiesand associated infrastructure, will see rates increase in
the short to medium terr§811], which will see grid apacity for indvidual power producers

limited.
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7.3 Nova Scotia Land Capacity

Identification of Land for biomass production was easily identified as the values had previously
been identified thnogh statistical means, Figure7 shows dl agricultural land and Figuré.8
shows Inactive Land onjyboth highlighted in dark greyased on the objective 24,499 ha of

inactive of land are available.

NS Agricultural Land Use

o 25° s0 100 Kilometers
: .

Figure7.37: ALIP - All agricultural landuse
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NS Agricultural Land Use - Inactive Land N

0 25 507 100 Kilometers

Figure7.8 ALIP - Inactive land only

Using theweightedoverlay analysisprocess each inactive field was classified with regards to
suitability of land for growing SRC Willow, giving five of seven availaidsv classeswith Class
6 indicating a high suitability and Class 2 Indicating low suitability. Looking at the whole
province, 2,061ha were assigned to Class 6, 13,8@#o Class 5, 4,74%a to Class 4, 2,60d7a to
Class 3ad 1,15ato Class 2. Figuigé9covers the area of Kings County and shows the variation

in land suitability in the area.
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Land Suitability

w 25 .5 10 Kilometers
il e

Figure7.9 Land Suitabity - Kings County

Each of these different classes were assigned a tonne value; 6 = 12 tonnes, 5 = 10 tonnes, 4 = 8
tonnes, 3 = 6 tonnes and 2 = 4 tonnes. The tonnes assigned were based on average yield values
per year as noted by Best Practice Gumbs for SRGwillow (Caslinet al, 2010)and research

conducted by Aylotet al (2008), Tenerellet al. (2012) and Baueat al (2010)from Europg26,

27,199, 200].

It should be noted however that these yield values, research derived, are based upon European

growing and field conditions and the yields assigned to each land suitability value is not necessary
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correct current SRC yield data from Canada is limited to first and second harvest data from
Saskatchewan and Quebedowever the key purpose here is to a dentaate the process of
assigning yield values to land suitability classes; to refine and properly determine a link between
land suitability and yields, field trials will be necess@gsed on this work, Pictou County has
been identified as the County witletgreatest number of fields (3,87&) and highest production

numbers (34,232 tonnes).

Using the above data, thetspotanalysis was used to determine the counties that had the highest
available tonnage (auitability class) produced within reasonable distance (fieldeid)to one
another. Figur&.10shows the province andmeseach county with regards to hectareslabe

and tonnes produced. From the resutamberland County is ranked number 1 and several
Counties do not have any fields that are considered in close proximity and have a high suitability

rating.
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Hotspot Selection

COUNTYNAME Hectares Tonnes
Cumberland 2252340799 | 23413.378075
Colchester 2357 685704 | 22866 258364
Pictou 2009263614 | 20104.188138
Hants 1770.672654| 1715537431
Kings 1739943629 | 16566.702847
armouth 751.440326 7322.473422
Halifax 625.253846| 5968308785
Antigonish 556902696 5509.714026
Legend Inverness 460.256297 |  4538.192506

Digby 194444002 1680.943015
- 13 I:l e - & Annapolis 81642289 692.697231
- 12 |:| 8 - 4 ||Cape Breton 67.447128 308.44388

‘Guysborough 0o

Bl s

0

0 0

Richmond o o

0 25 &0 100 Kilometers Shelburne ] 0
1 . bkt - £

Figure7.10 Hotspotanalysis

Table7.1 provide a full listing of each county with regards to hectares and tonnes by county and
the available hectares and tonnes as identified with the Hotspot Analysis. The hotspot analysis is
particularly useful as it indicates that if a biomass processiilgyfacas being considered for the
province based upon these factors alone, then Cumberland County would perhaps be the optimal

choice due to good yields and field to field proximity.
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Table 7.1: Hectares amdnnes by County ar@pplied hotspotanalyss.

Hectares and Tonnes by County

With Applied Hotspot Analysis

County Total Hectares Total Tonnes County Total Hectares Total Tonnes
l&nnapolis 1333 11413 {Cumberland 2352 23413
lAntigonish 745 7183 Colchester 2357 22866
Cape Breton 1083 2935 Pictou 2009 20104
Colchester 2655 25325 Hants 1770 17155
Cumberland 2574 26017 |Kings 1730 16566
Dighy 1202 10037 Yarmouth 751 7322
Guysborough 163 1386 Halifax 625 5568
Halifax 810 7425 Antigonish 556 5505
Hanits 1813 17520 Inverness 460 4538
Inverness 2818 24585 Dighy 154 1680
Kings 1915 17724 Annapolis 81 652
Lunenburgh 972 6384 Cape Breton 67 308
Pictou 3676 34232 Cuysborough 0 0
Cueens 120 720 Lunenburgh ] 0
Richmond 373 2870 Cusens 0 0
Shalburne 113 605 Richmond 1] 0
IVictoria 405 3839 Shelburne a0 0
Yarmouth 1026 9555 \ictoria 0 0

capabl e

of

obtaini

ng i

t 6s

bi omass wi

t hi

n

Using Buffer Zones for each of the different biomass facilities, it was identified that Kentville was

a

60Km of their locations. Tablé.2shows the catehent zones and their respective tonnage within

the area
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Table7.2 Catchmentone andonnageproduced.

Facility Catchment Zone and Tonnage
Name c;i:ga;;fm ?Eﬂ::';;s 25Km | 40Kkm | SO0Km | 60Km
Bedford 11 20857 1197 - 16998 24752
Bowater 3 5682 431 - 3887 7078
[Kentville 5] 11376 13174 - 28006
Minas Basin 10 18960 12505 21606 28532
Sydney 5] 11376 7316 - 105946 12556

Figures7.11and7.12display the catchment zones for Minas Basin and Bedford Developments
and the available fields, highlighted in blue. Mhndividually each facility could support itself

within the identified catchment zones, if Minas Basin, Kentville and Bedford were operating at the
same time, the catchment zones would have to be extended for one or all of the sites due to
overlapping atchment zones. However looking province wide the yearly demand is 68263

for all five biomass facilities; well within the potential 215,740 tonnes produced annually.
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12,505 Tonnes within the Catchment Zone

Figure7.11 Minas Basircatchmentone
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‘60 Km Catchment Zone for Bedford Development

24792 Tonnes within Catchment Zone

Figure7.12 Bedfordcatchmentzone

193



CHAPTER 8 SRC WILLOW CASE STUDY

8.1 SRC Willow Case Study T Background

Dalhousie University, founded in 1818, comprisesw#rone hundredbuildings across 32ain
downtown Halifax, Nov&Scotia,andover fifty buildings located at their Agricultural Campus.
The Agricultural Campus services owame thousandtudents andhree hundreanembers of

Faculty and Staff.

The Agricultural campus is comprisedtbfeeresidential buildings, an administration building,
Athletics Centre, library, engineering building, animal and aqua culture building, environmental
and plant science building, student services and securities building, a poultry research centre,

ruminant @imal centre and a mink production facility as well as multiple ancillary buildings.

Figure8.1: Dalhousie University Agricultural Campsgshematic
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The Agricultural Campus operates a District Heating System, which sealidasgye buildings

oncampus (Figuré&.1). A new Combined Heat and Power Systems at a cost of $24.2 Million
replaced the previous heating systems and allowed Dalhousie University to capitalize on the
COMFIT program which ran from 2011 &915. Underthe COMFIT program, the CHP project

was granted under Directives two and four, which stipulates the utilization of wood waste and a
maxi mum of 25% from 6otherd wood biomass sour

crops like SRGwillow.

8.1.1 Biomass System

The Agricultur al Campus6é6 biomass CHP system o
been designed with an operating capacity of\&V8 thermal energy and 0.98W electric. The
system was designed with a specified fuel requirement of wood chips rmwdstre content

operating range of between 35% and 55% with desired feedstocks being 45% MC.
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Figure8.2 a) MWh heat production for 2020 and 20BL.MWh energ production for 2020

and 2021

Electricity production is variable troughut the year, but the CHP operators aim to produce

between 700MWhe and 850MWH per month (Figure8.2a), the fluctuation in output is often

because of the variation in heat outptihe CHP system has a higher heat output in the winter

months at approximately MWh; (Figure8.2b), reaching its lowest output in the summer when

limited space heating is required.
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8.1.2 Biomass Fuel Requirement

For fuel requirements (Tabk1), DalhousietUni ver si tydos Agricul tur al
fuel contract with a local lumber mill for 20,006022,000 tonnes of wood chips at $54/tonne
(Figure8.3), with a MC range of between-&8% Dalhousie University has stated a maximum
purchase price set between $ per delivered tonne for purpose groemergycrops (SRC

willow) and waste products waste products set betweeb@Gp@r delivered tonne.

Table8.1: Dalhousie University Agrictiliral Campus fuel requirements.

Fuel Supply
Estimated Fuel Requirement 20,000 Tonnes per yea
Calculated Fuel HHV 20.25 GJ/Tonne

System MC% Operating Design| 45%

System tolerance MC% Range | 33%- 55%
Bulk Density Storage Capacity | 240 kg/m3
Bulk Density Material Handling | 400kg/m3
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Figure8.3 Dalhousie University Agricultural Campus CHP system biomass fuel usage

8.1.3 Biomass Fuel Handling System

Due to the confined space available on the Agricultural Campus, storage is confinetoian®30

of biomass at an average bulk density of R4Im3. With the system operating 24/7, deliveries

are daily, Monday through Friday from suppliers with a maxinoirthreetrucks per day. This
provides aseventytwo-houron-site supply of feedstock, with a maximum designed consumption
rate of 2.5 tonnes per hour at peak burn times. Fuel storage and handling system allows for two
separate fuel sources, with deliyeia a standard dumping trailer. Two separate fuel rake systems
are provided to allow for fuel blending towards a common fuel transfer conveyor belt. Additional
fuel transfer drag chain sections are provided to transfer the blended fuel up to an élelated
ctkarnup and metering section. Fuel feedstocks

at a moisture content range of betwee®¥8555 %, with a desired MC% of 4%,

198



The fuel feed system continuously feeds the desired fuel feedstocktivoage via-tod pushers

onto the step grate combustor. The fuel feed rate is variable depending on the demand condition
required and includes a system to meter the fuel consumed. The fuel feed system is protected from
burn back of the fuel, by a watergpkler system. The combustor is equipped with a moving grate
burner and refractory lined furnace. Primary combustion air is fed from under the grate, while

overfire secondary combustion air is provided above the grate.

8.1.4 Availability of fuel

Dalhousie University is located near Truro in the County of Colchester, NS, with significant
forestry land, available agriculturknd,and a local wood processing facility nearby, JD Irving.
The surrounding agricultural land is in good agricultural doodwith 33% being classified as

class 2 land, 4% as class 3 land, 28 as class for and the remainder considered to be lower than
class 4 making it typically unsuitable for agricultural production. Being central to Nova Scotia,
the travel network t®alhousie University considers lands in Annapolis, Kings, Hants, Halifax,
Lunenburg, Pictou, Cumberland, Guysborough, Antigonish, Inverness, and Richmond counties to

be with 200km of the site.
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8.2 Available Land Resources
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Figure8.4 DalhousidJniversity agriculturalland[314].

Dalhousie University owns 182.8 ha of agricultural land (Fiddeand Table8.2) surrounding

the Agricultural Campus, the land is currently utilizegbasturelandor grazing their dairy herd,

for the production bfeed for their dairy herd and as crop research production land.
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Table8.1: Breakdown of Dalhousie University Agricultural Campaisdresources bjocation

Field Location Avall_illgble Bi';%iig?;i”ﬁ;?;%) Suitability for Production
Agri-tech park 29.6 3.5 Yes
Boulden 17.3 0.6 Yes
Brookside 19.5 2.4 Yes
Clish marsh 11.6 3.7 Yes
Dickie Marsh 31.9 4.5 Yes
Farnham Road 15.8 3.1 Yes
Interval 27.7 2.9 Yes
Park Street 24.5 3.1 Yes
Plumdale 4.9 2.4 Yes
Total 182.8

Table 8.2 details the available agricultural and the calculated distance from each location to the
installed biomass system. All the land currently owned by Dalhousie University is classified as
Class 2 land and is dfily suitable for agricultural production. Based upon the ALIP dataset,
incorporating all available land types including letegm, rotational, active, and inactive
transitional land, Tabl8.3 demonstrates the availability of land that could be potentiéilized

for production.

Table8.2: Land availability for Dalhousie University.

Location 25 km | 50km | 100km | 150 km | 200km
Dalhousie University, Bible Hill (Ha] - 5,0137| 11,5845] 18,2255| 21,9318
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7.2 Case StudyProcess

Figures8.5 t08.11 show the steps taken to identify the land availability surrounding Dalhousie

Universityodéds Agricultural Campus and spatial

Biomass
Producer/User

Yes Initial Data

Lat: 45371631
Long: -63 263657

h

Location

h

Biomass System 5,140Kw;, 968KW,

Land Availability Spatial Analysis

Funding
Restrictions

Financial Details »

e

Figure8.5. Dalhousie Universitgystemanalysis.
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—» Installed capacity ————————»{ |5, 140kw;, 963KW,

—» Feedstock Reguirement ————» 20,000 Tons/yr

—» System MC% Requirement ——» 45%

— System MC% Range ————» 33% - 55%

— Specified HHV of Feedstock —» 20.25 GJMonne

— Bulk Density Storage Capacity —»| 240kg;‘m3

—» Feedsiock Size Characteristics —»| Chipped

Figure8.6. Dalhousie Universitypiomasssystemanalysis.
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Figure8.7: Dalhousie Universitpiomasssystem andandavailability analysis
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Figure8.8 Land Availability 5kmradius fromlocation
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Figure8.9 Land Availability 7.5knradius fromlocation
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Figure8.1Q Land Availability 15km Radiusrém Location
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