SMALL-SCALE BIOMASS DISTRICT
HEATING HANDBOOK

A Reference for Alberta & BC Local Governments

MARCH 2014

Agriculture 8€’rm Council @vouo PELLET
of Alberta N

ASSOCIATION OF CANADA

y .

D

FPInnovations 2 RURAL HEAT



http://www.woodwaste2ruralheat.ca/

SmaltScale Biomass District Heatipndbook

Acknowledgement s

This document has been produced by the Community Energy Assodidtiovaluedfinancial support
from the Agriculture & Food Council of Alberta, the Agroforestry & Woodlot EidarSociety and the
Wood Pellé Association of Canada.

We would also like to gratefully acknowledge the assistance ofalt@ving, who contributed to
content:

Alan Barber, Minisy of Energy, Mines and Natural GRsovince of BC

Alvin Ma, Strathcona County

Brian Bedford, Ministry of Community, Sport and Cultural Developni&ovince of BC
David Glus, University of Northern BC

David Dubois, Wood Waste 2 Rural Heat (fafynine Green Heat Initiative)
Diana Brooks, Ministry of Jobs, Tourism, and Skills Tralingince of BC
Dominik Roser, FPInnovations

Geoff Battersby, Reveldte Community Energy Corporation

Gordon Murray, Wod Pellet Association of Canada

lan Mclver, Ledcor

Jeff Bell,Alberta Agriculture and RurakeRelopment, Province of Alberta

Karl Marietta, FVB Energy

Ken Chrch, Natural Resources Canada

Kenneth Porter, Ministry of Environmerirovince of BC

Kevin Weaver, City of Cranbrook

Maari Hirvi Mayne, Metr&/ancower

Marc Imus, Ministry of Jobs, Tourism and Skills Traifrayince of BC

Markus Kellerhals, Ministry of EnvironmeRtrrovince of BC

Peter Gtergaard, Fraser Basin Council

Rob Hutchins, Town of Ladysmith

Sandy Ferguson, Bibenergy Network

Scott CrabbUrecon

Sinclair Tedder, Ministry of Forests, Landd Blatural Resource Operatigri@rovince of BC
Stephen Bearss, Fink Machine

Ted Sheldonyinistry of EnvironmentProvince of BC

Toso Bozic, Alberta Agriculture and Rural Development, Province of Alberta

=

R Bl R I B B B B I I I B B N B I



SmaltScale Biomass District Heatifrpndbook

CONTENTDB
PURPOSE . ...ttt ettt ettt £ttt 4 ke oo h ekttt e SRR e e e e e e e e e e b e e e e e e e e 1
I 1N S PP 1
(070] 0 111 01011 TP PPPPPPPPRRN 2
L0103 0 = PP PPPPPP PR 4
L1 IR U 0] o Y 8
Loy =] (0 YA =T o =R 20
DISTHDULION NEIWOTK .....ciiiiiiiii e e e e e e 25
FINANCE & GOVEIMANCE. .....eeiiiiiiiie ettt e e e e e e e e e e e e et e et e e e e e eeeeeeeesaaaannes 30
ReguIAtioNS @Nd POHCY. .......eiiiiiiiiiieiiie e e e e e e e e e e e 37
ASSESSINGABILITY, .. uttteeeuteeeeeuteeaeaaaseeeaaaseeaeaabeeeeante e e e aae e e e e ombe e e e ambe e e e ambe e e e e nneeeeambeeeeanbeeeenbeaeannd 42
LESSONS LEAMEM. .....euiiieeiiiieieee ettt e et e e e e e e e e e e e e e e e et e e e e e e e e n e 43
OONCLUSIONS ..ttt ettt e ettt e e ettt e e ettt e e ettt e e e bb e e e 2 amse e e e 4 kbt e e ok e e e e aake e e e 2 ambb e e e anbb e e e enbbeeeenteeeeeannneeeand 44
APPENDIZ ¢ PELLEPRODUCINGACILITIES IALBERTA ANBC .....cciiiiiiieiiiieeiiiieeeiieeesieee s sieeeesnneeeenans 45
APPENDIR G USEFUBQUATIONS. ...ttt eettiteeaitteeeasteeaeanteeesssteesaasteeesasseeeaasseeeaasseaeaanteeeannnseeesannes 46
IMOISTUIE COMTENL ...ttt et e e e et r et e e e e e e e e e s e e bbb e e e e e e e e e eeeeeeans 46
L1 TS Vo = P 46

S]] a2t T oI 1 L= o0 1) ST 46



SmaltScale Biomass District Heatifrpndbook

Purpose
The purposef thishandbookis to supporta growing number of small communities across British
Columbiaand Albertainterested inmaking a business case fmomass district heatingDH) Smaliscale
biomassDHsystens can be a centerpiece @in integrated strategpn clean energy, energy
independence and a transition to a green econon®rimary benefits include:

w potential to reduce greenhouse gas emissions

w local economic development through attracting investment, clean energy job creation,

infrastructure developmet and keeping energy dollars circulating logadiyd
w increasedenergysecurity.

The scal®ef DHbeing considered in thisandbookis approximately 150kW to 3M\Af heat output

This handbooks written
primarily for local governments
andFirst Nationselected officials PreFeasibility 2="¢ Design O&Mm
and staff to support an active
local government and band role
in developingclean energy and a , Customer
green economyltis a

O2YLI yAz2y I1Sh&0S
Sale Biomass District Heating

D dzA RvBich frovides a high
level overviewof DHproject Distribution
elements according to
developmenal STAGESrom DH
project conception through to Regulatory & Policy
utility development.

STAGES
Feasibility

Community

i 2 Fuel Supply

Energy Centre

ELEMENT

Financing & Governance

This landbook provides a more detailed focus on considerations associated withpegjelst ELEMENT

Elements

AIlELEMENT&F a biomass DH system drger-related. Eachof the elements outlined in the graphic
influencesprojectviabilityand eachshould becarefullyconsideredhroughoutbiomass DH project
planning and implementation.

Whileeachelement can be analyzed on a staatbne basis to identf options consideringall elements
in an integrated ways necessarto bring the full picture into focus.

This landbookexplores eaclelementin detailand ends with an integrated approach to assessing
biomass projectiability. Discussiomf eachelemert includes:

1 why itis important
1 key concepts
1 optimizing for viability
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Taking the time for dialogue on local government priorities , stakeholder considerations,
and co-benefits

Community

Feasibility &

Pre -Feasibility O&M

Design

= Sowthe seed = Confirm projectgoals, [|= Continue engagement [ Promote the successful
= Assess community and staff capacity with stakeholders system

interest in benefits and = Articulate and quantify = Report to the community

identify potential co-benefits on benefits

concerns = Conduct consultations

and confirm next steps

Importance

I 2YYdzyAGe O2yadzZ GFaGA2y 4 a
allowing aprojectto get off the ground, operate effectively
and,if anopportunity arisesto expand.

In Western Canadgaechnically and economically viable
bioenergy projecthiave been challengeoecause of ] tor
community concernabout air quality = I y O 2 G&IND( |-or /s
East False Cre@&Hsystemin Vancouver (originally intende G
to use biomass) and th&boriginal Cogeneratioprojectin
Kamloopggenerating electricity from gasification of
creosotetreated railway ties)both raninto problems
because of public concerns abait quality impacts

In the City of Prince Georgeijtial plans to combust bioass
at a proposedenergy centrevere opposed by the public
becauseair qualitywasalready a problenand the public Source: http://noticequietnature.blogspot.ca/
was resistant to anything thabuld make it worseThe City

overcame these concerns bgcoveing heat from a nearby

industrial facilitythat was already combusting biomaasdinstallingimproved flue gas cleaning
technology They were able to illustrate that there would b@et decreasein particulate matterin the
air shedJeading to public acceptance of the project.

Although air qualitywill likely be the primary issue of concern, concerns may also include:
1 traffic managment during construction

1 impacton communityareas near construction site

i financial (and other) risk® the municipality and the community

Negative community percefth may alsaffectt & & & 4 S Y Q & -ugcosfoeks®ysteri @ & A Iy
benefits(see the cebenefits section of th&malScale Biomass District Heating Giislgould be
emphasied at every opportunity.
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Key Concepts

Key concepts to communicate in staked@l engagement are: An example of good

1 Air qualityimpacts communication between industry

1 Community o-benefits and the pubilc:

1 Risks and planned mitigation measures bXGKS / KSONRY b3

1 Municipal longterm vision Community Advisory Panel gives |
o ] N ] ] ] a chance to deal with Chevron

Communicating air qualitissuescan be challengingAir quality directly. | believe they are sincere

science is compleand include consideration oboth natural in wanting to be good neighbours.

background levelsf common air contaminants (such as duestd Their challenge is to address the

those arising from new emissions. knowledge gap between what

rdinary citizens know abouhe

Residents can have serious concerns about emissions, particul@r )éfinery process and the factual

with respect tothe health impacts ofine particulate matter information Chevron employees
releasedrom biomass burningr toxins released from burning and regulators use to determine
materials that are contaminatedybchlorine or other chemicals. | what constitutes a safe operation
Advising thatair qualitywill be only a little worsehan usualor within an urban environment."
within regulatory levelss often not good enough. to / SOKS & ld2dSR
Community healtfconcerns must be address¢hrough a Eﬁ,ﬂ%éf&naﬁﬁeﬁw SNE e
transparent public consultation procesAtrusting relationship http://ec.gc.ca/energie

between the project proponent and the oamunity should be energy/default.asp?lang=En&n=D23E8142

established iradvance.While not directly related to biomass
O2Yo0dzaAGA2Y I [/ KSONRYQa | LIty Gsuesintheit RindadbyrefiOe2yy a dzf G | G .
provides an example dfansparent,ongoing public engagement. See the box above for more

information. Ly ! f 6 SNIi I X { N} GKO2yl [ 2dzyieQa O2YYAUYSyd @
is articulated inthe2 dzy 1 @ Q& / 2YYdzy A& 9ySNHe& {(iN}XGS3eé o0CAIdzNB

Optimizing for Viability

To create and maintain a good relationship with the communitig, iitnportant to:

1 includeall affected parties in planningdmmunity membersprovincial and local environmental
regulaors, health authorities neighbouring businesses etc.)

1 communicate early and ofterListen closely to concernse transparent in your communication and
establish trust

only use cleajuncontaminatecbiomassuel

strive for the best economically achieval@missions control
consider risk&and mitigation measures from the outset
highlightcommunity cebenefitsfrom the project

= =2 =1 =

Figure2: Snapshot of
Customer Communication & Education County of Strathcy/ | Q &
Community Energy Strategy,
August 2011 Source:
http://www.strathcona.ca/f
ilesffiles/at -lls-arm-110830
Action 1:  Provide updates and education materials to new and existing customers, ~eport-11-1.pdf

as well as to the broader community.

Guiding Statement:  Strathcona County communicates effectively with its stakeholders and

uses effective mechanisms to facilitate two-way communications.
(Strategic Plan)

Action 2:  Enhance stakeholder consultation on new projects.

Action 3:  Assist building operators, owners and condo boards in understanding
system connections and building operations to maximize efficiencies and
Costs.

3
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Customer

Customer Identifying, understanding, evaluating, contracting, serving, and billing customers

Feasibility &

Pre -Feasibility O&M

Design

= |dentify and contact = Refine heat load profiles = Marketing = Manage customer billing

Bkely customers = Identify connection = Sign customer contracts | and support
= Conduct heat demand requirements and costs = Issue RFP & select

scan = Test market and vendors
= Estimate heat boad develop marketing plan [= Construction

profile = Soft commitment from [= Testing and

potential customers commissioning

Importance

Customers are an integral component of a DH system. It is important to attract customers at the
beginning through competitive pricing and a welksigned contract, and important to maintain
customer relations through a wetlesigned, maintained and operated system.

Key Concepts

Building energy system compatibility and heating loads

In the case of retrofiing existing buildings to connect toHsystem, a &y issuestechnical
compatibilitywith existing buildingenergysystens. Thegraphicbelow outlinesdifferent existing heating
systems and theicompatibility withDHsystems.

xT Not feasible, ~ i Technically feasible, but high cost, & i Feasible

Type of building energy system Biomass DH system compatibility

= [T oM o = oo o100 WA= 1ol € (o [so IR T IR ELRETI A x| unless a major (and expensive) building renovation
conditioners (PTACs) takes place

Rooftop units (RTUs) T can replace RTU with hydronic RTU but, although
technically feasible, not generally good retrofit candidate
because of high cost

Forced air furnace & 1 for a single heat coil. Cost increases with additional
heat coils.

Any type of hydronic system i e.g. fan coils diDHconnection replaces the
/ radiato rs fed by boiler, water  -loop heat
pumps

Domestic hot water dZ7DH connection replaces the
heater
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Understandingannual heat consumptionpeak heat demangdandcustomerenergy demauwl profiles
helps to define the business case

Customers with high annual heedbnsumptiongenerallyimprove the business casafter determining a
O dza G 2 andudliRat consumption considerits potential valuewith the distribution pipework that
would be necessary to connect the load. See WCA Y YOS YR D2@SNYy I yO0SQ
calculation on this.

Peak heat demand defines connection requirements for the customer.

The demandrofile of customersffects the shape
of the heat load duration awe and the economics
of the DH system (seée K S RA & GsizB & X 2
the Energy €ntre section).

Ideally,a DH system wouldavecustomers with a
diversity ofdemandprofiles on a daily and
seasonal basi$igureb5 demonstrateshow
aggregatindoad profiles can result inlass

ALJS | pwveréll demand. Building #1 represents a
load profile typicafor a commercial building and

DEMAND
Megaloues

building #2 for a residential building. BUILDING #1 + BUILDING #2 = AGGREGATE
Any opportunity that may havsizableyearround  midnight noon midnight
or summer heat demand caoffset the fact that Figure3: Representation of individual building and

most buildings will have higher demands in the winte 2aggregated daily energy demand profileSourceKen

Such opportunities could includspitals, recreation ~ ©'Vr¢hIs District Energy Right for your Community?
d . . land h Municipal World, November 2007.

centres, outdoor swimming poolandgreenhouses. http:/www.districtenergy.org/

To help with establishing a demand profikpace

heating, hot water, and process loads can be distinguished.

Energytransferstations (ETS)

Energy transfer stations transfer heat betweerr ghipe
network and the building. Thagontain a heat exchanger
and a heat meterFigure4 demonstrates the difference in
scale needed forraindependentuildingheatingsystem
versus an energy transfer station.Figured, the old boiler
can now be removed, and an alternativeedeund for the
space. New buildings connecting to a DH system can be |
designed fotthis from the start, reducingpace _
requirements for the plant room and increasing saleable ¢
leasable space.

i

-

Energy transfer stations can c&300 to $500 per kW of Ei _ o

X gure4: Energy transfer station in an old
cusbmer peak demandCosts include heat exchanger, boiler room. Source:T. Berry, Compass
control valve, meter, controls, all piping and valves Resource ManagemenRistrict Energy Primer
engineering and construction, and contingenci€®osts do 2012, p5.
not include anything on the secondafyuilding)side of the
heat exchanger such as pumps amhtrols or taxes. Some communities, particularly if installing a
smaller DH system, may choose to connect buildings directly so that hot water from the DH system
circulates directly in the building, instead of transferring energy to the building HVAg€nsyis a heat

(s
O
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exchangerCostsF 2 NJ G KA & (@& L)S 2wvbuldb&iasshBnG3D@ perkd/ yiycdh€uindr feyk
demand.

Heat meters

Thereare three main types dieatmeter: magnetic, ultrasonic, and turbine. Turbimetersare less
expensive, but &ve higher mainteance requirements that can more than outweiigitial savings
Ultrasonicand magnetianeters areboth acceptable Utrasonicmeters arecheaper and easier to install,
but less accuraté All heat meters need to be calibrated periodicaiipproximately everyive years),

and thiscan be done by sendirtbe original meter back to the factory whilereplacement meter is
installed.

Very small biomass DH systems may find metering too expensive or burdensomagmthoosdo
applyan allocaéd charge based on the size of the heated area or anaibpedt, such as the capacity of
the connectioninstead

Contracts connection chargesand billing

Qustomer ontractsmay include a thermal energy charge (indexed to fuel prigestanding charge

based on the capacity of the connectifimked to CP))andanongoing maintenance charg€ustomer
contracts should be longrm, preferablyof the same duration as the capital amostiion period,(e.g.

20 years. Provisions to cover fixed costs of thél system, including financing obligations, are generally
included even in the event of the customer ceasing to use the DH system.

The standing charge recovers the proportion of the total cost of capital that can be attributstio
customer lts inclusion incentivises customers to not coact for excessive capaciandto possiblytake
measures to reduce peak demahdfore connecting. fiscanfree DH system capacity for other
customers

Connection charges are sotiraes requested to help offsetapitd costs, particularly for custometkat
wish to connect but fovhom revenue from thermalrergy sales will not justify connecti@osts In

cases where a new building developer will sell the building or units to new owamem)nection fee
ensures thathe developempaysfor the capital cost of connecting to the DH systésimilar to whena
heating plantsrequired for the development Ensuring that only operatingnd notcapital coss, are
passed on to th@ew building ownerhelps avoid creating ampression that DH is more expensive than
conventional heatingtHowever this approach, as with all matters related to contracts and financing,
needs to be carefully considered.

Charges should be based on letegm levelized cost of service to keep costsrmaffordable for the

first customers, with a revenue deficiency deferral account to be repaith@e customers connect

later. Some further information on contracts, including examples of what several district energy systems
have done, can be found the Pacific Institute fo Climate Solutions White Pap&he Regulation of

District Energy Systen(§lay 2013)y Peter Ostergaard.

Billing normally occurs on a monthly basis.

! From nterviews and/or correspondence witlstaff atFVB Energy, 2012014

2TheCarbon TrustBiomas heating: A practical guide for pential userCTGO01p 2008, p.92.
www.carbontrust.co.uk

3 Prepared for Pacific Institute for Climate Solutions and posted at:
http://pics.uvic.ca/research/publications/whit@apers
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Optimizing for Viability

It is imperative that there is successdeveloping &usomer base for the DH system atidht the
technical viability oEustomerconnectiorsis guaranteedoy an experiencgengineer or installation firm
in communication with the customer.

A communications and marketing stratelgglpsto ensure success in buitdj a customer base.
Maintaining community support and being open and forthcoming with information will Atfpct
potential cusomers. Uhderstanding customersheir behaviour and tehnical constraints is also
important. It may be important to emphasis&lue over price and to ensure that the contractiell-
designedIf the DH proponent is well known and trusted within the community, this can help to
encourage connection§upportive municipal policies can also hefgourageconnections to new
buildings. For more information on supportive poliéy,S S RédUlStiond and Poliey 4 SOG A 2y @

In small communitiegyotential customers can be id¢ified through local knowledgand by verifying
the type ofHVAC system each building h@oviding information tgotential customersabout
bioenergy and DH are will be necessay willreactingout to potential customers on an individual
basis.

Localand provincialgovernmentbuildingscan provideanchor loads, with other buildings ingh
communityprovidingadditional loadsThe potential difficulty of attracting customers should not be
underestimated For owners of existing buildings or developers of new qgreergy efficiency
initiatives often suffer from a low priority compared téh&r concernsSigningcontractswith potential
anchor customers prior to DH constructibelp manage financial risk.

For ongoing viability of the DH systecarefully consider contract elementgparticularlyindexto fuel
pricesand volume or price guanteesc to ensurethat cashflow meets expectations. Cooperation
agreementswill helpensure thatO dza (i 2 eq8piEndbehaves in the way that is anticipated
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Fuel Suppl

Understanding and monitoring short and long term availability, type, moisture content,
cost, consistency

Fuel Supply

Feasibility &

Design S

Pre -Feasibility

A Identify waste heat A Conductfuel supply A Confirm fuelsupply A Managefuel deliveries
A Estimate fueheeds analysis (finalize contract)
A Identify biomass sourceA Soft commitmentrom A First fuel delivery for
and pricing potential fuel suppliers | testing/ commissioning
Importance

Forest biomasss a fuels distinct when compared to other so@s of energy, such as heating oil or gas,
due to the complex makap of supply chains and varying raw material demands of different utilization
sites

Many heating plant operators are usedwmrkingwith oil and gag; which havenational and
internationd supply structuresn place and logistics solutioafready establishedVhen dealing with

the use of forest biomass for energy, the situation is very differ€hereare diverse forms and qualities
of raw material, more complex andds developed suppstructures andsarying demands on the final
quality of the product by different customers.

Consequentlydevelopingefficient and robust supply structures is a demanding task when establishing
new energy systems based on forest biomdbgre can be shaages of local expertise in the
development of reliable supply structures in countries without any prior experienttee production of
forest biomass for energy. There are cases where establishment of supply structures or heating plants
has failed due tahe lack ofappropriatetechnology expertiseand knowledge about the supply systems
and available resources.

System proponents must ensure that there is enough fuel available in the short and-teng. A high
margin ofsecurity insupplymay be requiredy funding / financing partners. Biomass fuel supply chains
will need to be thoroughly analyzelflodelling of long term supply should cover at least 20 years and
the analysis should be completed separately for each commumityved

Biomass fuel supplgnalysisshould consider:

1 quantity ¢ look for bngterm fuel availalility locallyand consideseasonal variations

1 quality ¢ the fuelmust meetthe quality specifications dhe anticipatedbioenergy system type

9 costg the price of fuel must be economibaviable consider raw materigbrice fluctuationdrom
competing demands

1 logisticsg biomassdelivery and storagand, in case there is no existing fuel supplyying,
grindind chipping,(potentially pelletization) and transportatiorof raw fuel
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Talde 1: Sources of Biomass Fuel

Sourcesof Wood Fuel for Combustion Sources of Agibased Fuel for Combustior,
Waste 1 Nonmerchantable fiber such as roadside 9 Cereal grains or canola straw
Residues accumulations of low quality trees not | Crop milling residues (wheahd oats)
processed for lumber and salvage material 1 Purpose grown crops such as switch
1 Undersizedrees grass (not currently in production)
9 Trees killed by insects, disease or fire

9 FireS$nart residues (from forest clearing to
reduce forest fire hazard near communities)
1 Woody wasteat mill sites

1 Hog fuel

9 dean onstruction waste
Manufactured | ag of 2013: 1 No production in BC or Alberta as of
Pellets { Thirteenfacilitiesin BC 2013

9 Threefacilitiesin Alberta

Wood pellets have advantagesver chifson guality and logistical issuesd usually have cheaper fuel
handling systems. dvever, wood chips usuallizave a lower coghan wood pelletge.g. in Europe
wood chips are generally half the price of pelletswer costanay help to justify a wood chip stem
over a wood pellet system.

The amounbf biomass consumed by a community DH systensigllysmall compared tavhat is
produced by the forestry and agricultural industries. For exanggeratingbiomass DH systems in BC
only consumeafew hundred b a few thousand tonnes of biomass each yé&awmills, on the other
hand,canproducea few hundred thousantone drytonnes' (. 5 fid@résidues ané few hundred
thousand. 5 (bfh&n-marketable wooder year® Mostunmarketable wood residue and unuse
agriculturalresidue inBCand Albertais either burned or disposed of by other meamespite thisthese
residues are not usually available for free.

Key Concepts

Context

Canada has waorld-leading wood pellet industry (see box next pagBhth BGind Alberta have
extensiveforest resourcesandforestry and wood products industriedlbertaalsoproduces a
significant amount of agricultural biomass residue, which is largely unused for gasrgy2013)
Consequently, there is an opportunity intbcAlberta and BC to take advantage of existing biomass
streams for new district heating systems.

* From nterviews and/or correspondence witlstaff atFink Machine and Relstoke Community Energy
Corporation, 20132014

® A bone dry tonneBDt) is the weight of the fuel at 0% moisture content.

°BC BioenergiXetwork & Envirochem Services If8ipmass Availability Study for District Heating Syst&$2.
www.bcbioenergy.ca
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As of 2012, Canada had 42 wood pellet plants with 3 million tonnes annual production capacity. In 2010
Canada's pellet plants operated at about 65% capagitpducing about 1.3 million tores per year, while in
2011 almost 1.9 million tonnes of production was exported.

British Columbia accounts for about 65% of Canadian capacity and production, while Alberta, Quebec, |
Brunswick, Nova Scotia, and Newfoundland collectively account for3te arecurrently (2013}hree
pellet plants in Alberta and eleven BC(see Appendix)1

Pellet plants in BC tend to be large. An average BC plant produces about 150,000 tonnes annually. Tw
BC plants are being built with annual capacity of 400 @®nes.

Pellet plants in Alberta produce in the range of 25;@00000 tonnes annually.

Pellet plants in Eastern Canatéad to have about 50,000 tonnes capacity; the two largest eastern plants
produce 100,000 tonnes annually

Wood chisand wood pelles
Biomass boilers typically usele#r wood chips or wood pelletand briquettes Logs / cordwooddo not
fit into either of these categories andre not usually used in automated biomass boilers at this scale.

Despite the general guidance given in the following talsléividual circumstances can vary widely and
need to be verified in prefeasibility and feasibilétyidies

10
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Table 2: Chip vs. Pellets

Category Chip (including shavings) Pellet

Production Wood chip is generally produced by a wood The production process for wood pellet is
chipper or a hammer mill. more energy intensive. They are made by

compressing saw dust or wood shavings,
usually in large industrial facilities.

Energy 8 - 15 GJ/tonne 17 - 18 GJ / tonne

density 1.671 38GJ/m° 117 11.7GJ/m®

Density Approx. 200-250 kg / m® Approx. 650 kg / m®

Moisture Normally 20-50% Approx. 5-10%

content

Ballpark $50-100 / BDt $150-310 / BDt

cost, $2-8/GJ $8-18/ GJ

delivered

Availability It can be hard to produce chips precisely Wood pellets for small scale applications
meeting European specifications. Chips of less (pellet stoves) are usually widely available.
rigid specifications can be obtained from Larger scale deliveries are often still a
suppliers of wood chips, including saw and pulp challenge in BC and Alberta because there
mills and secondary wood product are no supply structures in place, so it may
manufacturers. The tighter the specifications be expensive to procure large amounts of
and consistency required for wood fuel, the pellets locally. Delivery distance affects cost.
more expensive it will generally be. Delivery
distance also affects cost.

Sourcing Usually has to be local, as low energy density Local only if it is sourced from a local wood
by volume makes it uneconomic to transport pellet production facility, but pellets have a
large distances. distinct advantage over chip in that their

higher energy density by volume means they
can be economically transported much
greater distances.

Fuel quality Variable, particularly unless dealing with an Usually pellets are uniform and consistent.

consistency

experienced and well trained fuel supplier.

Fuel Specifications for wood fuels can be requested Wood pellets made for energy purposes are
standards from wood chip suppliers, although presently it normally manufactured according to strict
is unlikely that European specifications can be European standards, making it relatively easy
preciselymet. See f ol | owi ng s ¢ tosourcegood quality wood pellets. See
considerations of soli| folowing section on déqu
solid biomass fuel sbd.
Handling Chips have less capacity to flow than pellets, Wood pellets flow much better than chips,

and are more prone to fbridgingd (i . e .
due to their uneven patrticle size distribution).
Fuel handling systems that can handle chip are
usually more robust and, consequently, more
expensive.

and can also break apart more easily. For this
reason purpose built wood pellet delivery,
storage, and fuel feed mechanisms are
designed differently than for wood chips. Fuel
handling systems designed only for wood
pellets are less expensive.

Sourcesinterviews and correspondence witkPInnovations, Wod Waste 2 Rural Heat, Biomass Energyte, Ledcoyand
BC Bioenergy Network & Enviroche&ervice Inc. Biomass Availability Study for District Heating012)

11
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The definition of wood chip used in this handbowicludesa variety of types that are oftedifferentiated,
including for example: shavingsog fuel, and wood chips derived frasecondary product manufacturing or
clean demolition, land clearing, and constiina waste. However inforestry, wood chip can be used to meal
a byproduct from sawmills, used for purposes such as pulphe bioenergy industry, wood chip can be use
to meanrelatively unprocessedood of small dimensionffom any sourcgexcept forsawdust) and the term
isused to distinguish it from wood fuelgith large dimensions like logs or more processed wood fuels suc
pellets or briquettes.

Agricultural residues

Agricultural residues thatan be burnedn a bioenergy system includereal grains or canola straw
crop milling residuesq.g. fromwheat and oats)and prpose growrcrops such aswitch grass
(although these ar@ot currently in productionn BC or Alberta)Agricultural residues can be burned in
their unprocessed form or processed as pell@tbriquettes

Outside of North America, the agricultufalomass pellet idustry is now in rapid development, with

over 400 agricultural pellet plants globally. In Europe, straw is now beginning to be pelletized on a large
scale and is becoming available for domestic and industrial malketseaswith a shortage of wood

residue, agriculturalpellets can provide an affordable and local source of fu@elletiation helps to

solve some of the issues involved in using unprocessed agricultural residues, such as high mineral
content and high fuel variability.

In most years,rop farming in Alberta produces about 15.8 million tonnes of cereal and canola straw as
a byproduct. After deducting the volumes of these residues required for current levels of livestock
production and sustainable soil erosion protection, it's estimateat 7.7 to 13.2 million tonnes diis

straw could be sustainably recovered for other uSeBarmers can also focus a portion of their
production specifically on growing energsops onland not wél suited for othercrops

Two major studiehaveexaminel the opportunity for creating an agriculture residbased bioheat

industry in Alberta. The studies, which also provide a window on the opportunity for Canada as a whole,
were conducted by Resource Efficient Agricultural Production (REAP), a Canad@anfagesed on
developing bioenergy opportunities for rural development and greenhouse gas mitigation. The first
study was an assessment of the dijjsre biomass residue resources available in the province. The
second study added to that investigation widh assessment of the technology options available for
turning these resources into more viable energy sources.

The findings indicated that Alberta has substantial-figre biomass residue that could be used as fuel
for bio-energy and showed that techray improvements now coming on streawill help to further

the opportunity to use agrfibre biomass residue for heand energyBioheat fromagro-pelletsin
particularhas potential as one of the most economically efficient and environmentally frienensito
displace fossil fuels.

The main technical challenges regardatgo-pellets are the production of a high quality fuel and
technological improvement for smadcale combustion devices. The REAP report notesathat
understanding of design featurebdt are necessary to be incorporated in the camtion technologies

" Straw Pellets Ltd. website, accessed December 20d8v.strawpelldsltd.co.uk
8 Alberta Agriculture & Rural DevelopmeitgTech InnovatorApril 2009 www1.agric.gov.ab.ca
9 1

Ibid.
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to burn agrepellets is now well grounded in the manufacturing sectacremental improvements in
efficiency, convenience, and lower particulate loads are being made with a series nbkegital
innovations in the combustion chamber design and air control systems for commercial systems
Economics however may present the biggest challenge in the short term.

The potential represents a ldarship opportunity for Alberta and Canadéthin the North American
context.

Based on ballpark estimates of prices in 2008 and experience in other districts, the studies estimated
pelletizedcrop milling residues could be produced for about $100/tonne or the equivalent of $5.55/GJ
in Alberta.Unprocesseagriculturalresidues could be available for even less.

Quality considerationsof solid biomassfuels

Currently, here are nostandard for the production of wood pelletavood chips or agricultural fuelén
BC orAlberts however, Canada is working to@at the forthcoming internationalSO standarsion
solid biofueldn the near future At present,most Canadian wood pellets are exported to Europe and
meetstandards used in Europkeadingto a highly consistent producfNote that the USA has its own
guality standard for wood pellets.)

Biomass fuefualityis closely linked to system success becausedu@lity and type has to be an exact
fit for the selected bioenergy system. In most casgraller automated bioenergy systernave more
stringentfuel specifications than larger bioenergy systems and cannot handle fuel varialiorensure
fuel compatibility it is important to work closely with consultants, biomass boiler suppliers / installers,
and wood fuel suppliers.

The followingwood chip and agridtural fuel qualitiesshould be carefully considered
I moisture content

1 sizeand $hape

1 raw materia)] contaminants andleemical composition

Moisture content

Theimportance of moisture content is shown ligure6. Moisture content is the key factor for
determining the energy content @nybiomassproductso this charprovidesa guide for both wood
and agricultural residuegnergy content per tonnef biomassdecreasesis moisture content increases.

Biomass shouldbe as dry as possible before transpdd minimize transportation costs by reducing
weight (by essentially avoidirie transport of watej. If the moisture content of a fuel being delivered
to a system will vargonsiderably(e.g. wood chipnoisture ontent can vary over the course of a year)
then the system will needraexperiencedperatorthat has the ability to manage the moisture content
along the supply chairtn practice biomass should be dricfr at least one season to reduce moisture
content In Scandinaviamoisture content is usually reduced from 50% to 3%that biomass heating
plants caroperate efficiently.
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Moisture contentg wet or dry basis? Heat value vs moisture content

Moisture content is calculated as the fresh
mass minus théone/oven dry mass, divided
by either the fresh mass (wet basis) or the
bone/oven dry mass (dry basit)sually wet 2

Q
o g ) - E
basis is used in thigioenergy industryand that g 10
convention is followed in this handbook. Also g ]
see equationsin Wppendix2 ¢ Useful T s i § g xN
Equation§) ® : &3 TEE
2 2 2 a
o o
0% 10% 20% 30% 40% 50% 60% 70% 80%

Moisture content

Figure6: relationship of heat value and moisture content for
biomass.Source: NaturaResources Canada and FVB Energy via
Canadian District Energy AssociatiBiomass for District Heing
module.

Size and shape

Size and shape ddiels areimportant for the boiler
and the fuel feed system, with smaller bioenergy *
systens being morelemanding tha larger f
systemsThe fuel size should be as uniform as
possible to avoid problems in the fuel handling
system. A common specificatiofor wood chip . » N .
systemss that chips must ba maximum othree ™% = T AT A P
inchesin length Another impotant specification e
for the supply ofwood chips canbe the amount of | Sl
fines (fine particles}hat are permitted as a
percentage of the totalasa high proportion of
fines canincrease particulate emissions during
combustion. Regarding shape, long stringgcps
of wood chipmight be ableo get through a 3 inch F|gure7 wood chip dimensionsSource:FPInnovations
screenbut could then jam up a fuel feed auger or

the hopper.Consequentlyfuel specificatiors of the biomass system to be installed widdtermine
where the fuel will be sourced from erhat equipnent shouldbe usedfor fuel production

y L/
[

Cad
"._.i &

Raw materia) contaminants and chemical composition

Biomassraw materialsare essentiabecausehey basicallydetermine ashair quality, andfuel handling
Bark for examplehashigh ash contenand may contairminerals thatg depending on the boileg can
cause plugging and corrosion. Eviei® f $liémgliion, land clearing, and construction wood waste can
be contaminated with paint, plastics, amdils or other metalandit should not be used in standard
biomassheating systema/Nhere the biomass was storeglon paved ground, dirt, or on gravelis also
important. Storing on pavemeris the best wayo avoid contaminationlf biomass is contaminated with
stones components of the boiler such #ise fuel feedandor ash removingnechanismsan be

damaged
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Bone Dry Tonnes or Oven Dry
Tonnes?

Because of the difference moisture
content can make to the calorific
value of fuels by weight, for
comparison purposes peoptdten
NEBFSNI G2 .2yS 5NJ
hogSy 5NEBE ¢2yySa
refers to taking a sample of fuel, and
keeping it in an oven at 10& until
s vl - .. ; = no further weight change is detected
M.{,__;-. ‘-“'!“w. -' ; . T .5040a A& GKS 6SA
Sdnrd f ‘ e R A moisture content. ODt and BDauo

be used interchangeably. In this
handbook, we use BDt.

F|gure8 Different kinds of chip. To the left the smaller chip meets the
9 dzN2 LBy a¥ I y Rl NR I y B5abtandaildk S NJA
Source: Wood Waste 2 Rural Heat

Aboiler may have fuedpecificationdor the chemical composition of biomass, such as thosas$br
content andcertainelementssuch asitrogen (N), sulphur (S), chlorine (Cl) and potassiumifi€se
elementsmay cause operations and maintenance issues with the boiler (clogging gas passhge
causingcorrosion) and may increase air emissions.

Agricultural residues typically have higher contents of these elemanssng fromthe use of fertilisers
and pesticides/herbicides iagriculture. The presence of the elements leads thigheremissions of
NOx, SOx, and Hiihn inwood fuel, while increased levels pbtassium(K) are correlated withoth
increased particulatemissiors and slagging (by lowerirthe melting temperature of the ash)

High chlorine (Cl) conterin fuel can corrodéoiler surfaces antbrm dioxins*® Assessments of the
environmental impact of buning agricultural residue anclrrent stateof-the-art of combustion
technologies indida that pellets made from agricultural residues (and in general othet, &hK- and
Clrich fuels) should be used primarilygnate combustion (se#nergy Centr@ection) or fluidised bed
boilersequipped with sophisticated combustion control systeamsl flle gas cleaning systemQ a
unlikely that a clean source of wood fuel wadintain these chemicalsut wood fuel that has had contact
with salt water(e.g.some hog fuelsinustbe avoideddue to increased chlorine content.

Fuel supply purchasesa contracts

Woodfuel supply contractin BCare not usually longerm¢F 2 NJ SEI YLI S5 3INBSYy K2 dz&
Mainland generally have shetérm contractsfor wood fuels In BCthe Revelstoke Community Energy
Corporation is an exceptianit has a 20 gar fuel supply agreement with the local sawmill, Downie
Timber.

Project financers or funders may require a leilegm wood fuel supply contracOne strategy t@nsure
a long termsupplyis todevelop a contractvith alocalcommunity forest owoodlot. Another optionto
support financings todemonstrate that sufficienadditionalbackup sources of woodire available
throughsecondary wood product manufacturetsarvest residues of traditional timber harvesting
operations, or through wildfire mitigatimactivities.

9 European Pellet Centre website, accessed December 2048. pelletcentre.info
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There are fewer exampled bioenergy systems in Albertaut the fuel supply contract situation appears
to be similar to BC. There are nontractstandardsas of 2013When a systenmustaobtain fuel from an
outside sourcethis is often achéved on a spopurchasebasis{ 4G NI G KO2y | [/ 2dzy (& Q&
relatively shortterm (abouttwo year)
contract in place foasupply of wood chip
derived from old pallets.

Longerterm contracts for agricultural
residues may be harder @rrange than
wood supply contractbecause of annual
variations in crop production and variations
in the amount of land a farmer may have
under productioneachyear.

Gontractsshouldinclude specificationtor
fuel quality,even if they are only minimum
requirements.However,sigringa contract
with strict specificationsnight only be
possiblef alocal government is installing a  Figure 9: Measuring moisture content of woodchip using the
large system ois situatedin an areawith a oven dry method. Source: The Ashden Awards for Sustainable
well-developedfuel supplymarket. Energy (photo of Midlands Wood Fuel Ltd.)

Fuel purchases should ideally be conducted on either avaight or energy content basissinga green
weight basis could irentivise delivery of fuel witlhigh moisture contentln practice it would be wise to
advisesuppliers on how muctvill be paid for deliveries witlifferent moisture contents

The most ommonly usedmethod to determine moisture content is to take several samples feom
delivery vehicle and determine moisture contargingthe oven dry method, shown iRigure9.

Moisture contentof delivered fuelshould bemeasuredat the same time aether fuel attributes such
assize distribution andhe presence obbvious contaminants such as rocks, organic matter and,sand
are determined by inspectiaMore information about biomass sampling can be foun&fnnovation8
Biomass Sampling Procedures and Anatiesisiment.

Biomass logistics & supply

Biomass handling should always be minimized to reduce costs and to avoid fuel deterioratimsh. W
pellets for exampletend to break up every time they are handlegheycanbreak up at everyuel
transfer point and from rubbing togetheluring transport When they break up, a very fine dust is
produced which is difficult to contain arwn present significant fire and explosion risk.

It is important to ensurehtat a supplier of biomass fuel is able to deliver in a timely manner and that
biomass will be available in sufficient quantities whenever it is requiedne biomass fuels, for
example agricultural residues, may only be availabtea seasonal basis.

All stakeholders in the supply chain play a role in ensuring delivery of a high quality fuel that meets
boiler requirements.

! Biomass Handling website, accessed December 204@:.advancedbiomass.com

16



SmaltScale Biomass District Heatipndbook

Getting involved in fuel supply

If a local government must get involvadfuel supply, additional logistical items that should be considered
include

9 ability to purchase suitabléel

1 existing or needed distribution systems

9 distance and terraimssociated with fuel transport

9 fuelprocessing

Transportation costs will affectffordability. The closer a source of fuel is to the end use, the lower costs w|
be. Terrain caalsoaffectaccessibility anéuel consumption of transport vehicles.

Alarge proportion ofavailable woodibre in the forestry sectagrparticularly higheguality sources that are
competitively priced, may already be tied up in formal or informal agreements. If it is necessary to accesy
merchantable material from forestry operatiorswood fuel supplier will require an agreement with the

tenure holder If an agreement isiot possibleand the slash is not being utilised, tenure for that slash may b
formulated with provincial governmentsn BC, for example, this may be achielied N2 dzZ3 K S A (i K §
C2NBaiNE [AOSyOS (2 /idkiQ ddiNDD WCAONB {dzZlJL) & [ A

The location of fuel processirigcilitiesaffects cost as well. Processing fuel near its source will reduce
transportation costdbecause fuel density is increaseBrocessing near source, however, will be more
challenging for fuel sources thate characterized by low volumesstributed over a large area.

If the fuel is too wet at the time of processirand longterm storage is expected, thefoel must be carefully
managedo avoid contamination, composting anqebtential fire risk.For wood, 1 is generally easiest to dity
before processing.

Before making any investments in the fuglpply chainit is essential to know what kind of biomass is neede
so thatthe proper harvesting equipmerig purchasedFor wood fibre, chipping and grindiegchproduce a
different quality of fuel. Grinding may have more difficulty in producing smaller chips and is also more likg
produce long stringy particles of chip that may jam up augéhépping is also sensitive to raw material qualit
because woodhippers will not tolerate contamination (e.g. stones and nails).

If production of an agricultural biomass pellet is desired, there may be additional technical challenges reg
from a lack of North American expertise in this area.

An example of a commmity that is involved in the fuel supply chain is the Village of Telkwa in BC. They aré
to source suitable raw material in the immediate area (a community forest) and they have bought a chipp
process material for their own smaitale biomass disct heating system.

Forest energy supply chains

There isasequence of operations conventionally performednove rawforest biomas$rom a source
to aheating plantEachof the followingsteps depends upon available forest resources

9 collectingforest biomass according to demand and quality requirements,
1 preparingbiomass according to quality requirements and for efficient transportatoal
i trangporting biomass to theenergycentre andstoring it.

In the case oforestharvest residues, the collection dfomass is comparatively simple since the

biomassi$ f NB I R& CHUKrigneddlSrintb& Rarvesting althoughproper preconcentration anl
pre-piling of harvest residuefrom timberharvesting is essential to ensuigther efficient processing.
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In the case of a hiomass operation suclicasst thinningQa separate harvesting operation has to be
carriedout, whichleadsto higher costs

Another important aspect of the preparation phase is proper storage and drying of biomass to improve
fuel quality and reduce transportation costs. Biomass should be stored for at least one or two drying
seasons (Aprid September) to reduce moisture comteto approximately 30%which willreduce
transportation costs and improve biomaleating value. In Europe, a paper cover is often used to
improvebiomassdrying and to prevent snow and ice from entering pilesthe Canadian context,

recent tests in Qebec have also shown promising results and FPInnovations is carrying out field tests to
investigate the feasibility of covering biomass in Western Canada.

The most critical and challengippaseof the
biomass supply chain is transportatidviost
existngsupply chains have developed around
solvingthis problem The transportation challenge
is based upomwo issues; low energy density per
volumeof fuelandfuel moisture content.To
increasdransportationefficiency, it is necessary
to find ways tomcreasefuel density and reduce
moisture content prior to tansport

Chipping is considered an essential step in the
supply chain since a large number of outside
factors, such as raw material available, equipmet
used, and how the work is organized, affedt
Overtime, practicesin many ountries hae
demonstrated thatchipping or grinding ahe
roadside with subsequent transportation to the
heating plantis a reliable, universal and cost
efficient methodto produceforest biomass for
energy. Thisapproachcouldwork inBC and
Albertaif necessary technology investments are
made.

Figurel0: Roadside chipping operation in Finland using
farm tractor. Source: FPInnovations

-
The reasons why roadsidhippinghas been so =
successful are multifold’he mainadvantage is

enhanced transport economy due tbe higher
payload of the transport vehicldloreover,

roadsidechippingallows for the delivery of chips gt S R
to different customers and enables limited storag Figure11: Trace Resources roadside grinding operation,
capacity at the plant. Merritt, BC. Source: BC Bioengrletwork &

) o . Envirochem Services LtdBjomass Availability Study for
Another advantage is that roadsidaippingrelies  pistrict Heating System<012. www.bcbioenergy.ca

on proven and reliable technology which, in

return, limits downtime of the machinesRoadsidechipping can bearried out using a wide variety of
mobile chippersrangingfrom farm tractor based chippers in smaller scale operations to laogde
chippers for industrial production of fosé chips. Small scale chippemutd providea reasonable
solution inBC andAlberta;however, it is essential that they are equipped with a scradsually, the
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chips are blown directly intatruck or containerthen transportedfrom the roadside landing to the
energycentre.

The chipstorage area and access tailust beproperly designed to ensurhat atruck can be unloaded
easily and quickly

Optimizing for Viability

Before a district energy system is budtproponent mushave confidence that a long tersupply of
fuel, of the ight price and quality, is available. A supplyeafs 20 years is recommended reliable
fuel supply is critical to #hsuccess of a bioenergy systamd the challengearound building a viable
fuel supply chaimre not always fully appreciated fromeloutset. The complexityf obtaining a reliable
fuel supply will varjrom one community to anotheif an existing sourcef reliablefuel is unavailable,
a local government will need to be willing to produce its own fuel, which means investing in the
development of a reliable a supply chaifhe dynamic nature of the forestry indussiiould also be
taken into account because of tipotential forwood fuelvalueto change.

Once a local government has determined what fuels are availalolearby, it canlook at wtich
bioenergysystems are compatible with those fuels.

To helpwith system selectionrsamples of locally available fuelsan be sent tdoiler installes/
suppliesfor a burn test and to check compatibility with the boiler and fuel handlintgesys
Experiencesn BC however, haveshown that this test will not provide full certaintyAlocal government
could also contact other organisations that have installed the same boiléiscuss fuel issuesd
exchange fuel samples

Local governments stuld workcloselywith local fuel suppliesto ensure delivery of the right kind of
fuel. Deliveries ofuel should have their quality monitore@inoisture content angarticle size
distribution) at the energycentreto ensure ttat fuel is meetingexpectatons. Initial monitoring should
alsotake placeduring fuel productiorbecausét can be difficult to reject a load of fuel once it has
arrived at the energy centrédowever,energy centre operators must maintain thight to refuse a
delivery over qualityssuesBecausét is difficultto see beyond the top layer of a fug¢livery, the fuel
should also be monitored as it is being consumed.

Therehave been a number of studies in recent years exploringatreglability ofagricultural residues for
combustio. However, he type of processing required so thtaese residuesvill burn efficiently and
the type of equipment (or adjustments to current equipment) requifedcombustionis relatively
limited, as of 2013, ion-the-ground systems in operationufher work is required to determine long
term, reliable suppliesf agricultural residueas well aglistribution systems thatvill work for relatively
small amounts of fuel distributedver a large geographic area.
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Feasibility
& Design O&M

Pre -Feasibility

Importance
Appropriatedesign constrution and operationof an energy centravill ensuretechnical and financial

success of the system.

Key Concepts
Components of a biomass district heat energy ceatedescribed in théollowingtable.

Table 3: Components of Biomass DH Energy Centre

Figure12: Energy centrdor a 2 MWwood fuel boiler, showing wood fuel delivery area, fuel store, fuel transfer / feed
mechanisms, ash handling system, and flue. Souidatural Resources Canada and FVB Energy via Canadian Districf
Energy AssociatioBiomass for District Heatingnodule.

Component Description

Biomass boiler The central component of the entire biomass DH system. Various types of boiler are
available, although most biomass boilers at this scale of ~100kW to ~3MW are likely
to be a variation of a grate type furnace with a fire tube or water tube boiler. (See
Figure 13.) Grate type furnaces have a wider tolerance of fuel type compared to
some other boiler types (e.g. plane grate, or stoker burner). Also see following
section on sizing, for how to size a biomass boiler.

Back up / peaking A critically important component is a boiler for backup and/or peaking. These are
boiler generally heated by natural gas, propane, or heating oil. See following section on
sizing. Having sufficient backup may also be a condition for financing the system.
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