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Purpose  
The purpose of this handbook is to support a growing number of small communities across British 
Columbia and Alberta interested in making a business case for biomass district heating (DH). Small-scale 
biomass DH systems can be a centerpiece of an integrated strategy on clean energy, energy 
independence and a transition to a green economy.  Primary benefits include: 

ω potential to reduce greenhouse gas emissions, 

ω local economic development through attracting investment, clean energy job creation, 
infrastructure development and keeping energy dollars circulating locally, and 

ω  increased energy security. 
 

The scale of DH being considered in this handbook is approximately 150kW to 3MW of heat output. 

This handbook is written 
primarily for local governments 
and First Nations elected officials 
and staff to support an active 
local government and band role 
in developing clean energy and a 
green economy.  It is a 
ŎƻƳǇŀƴƛƻƴ ǇƛŜŎŜ ǘƻ ǘƘŜ άSmall-
Scale Biomass District Heating 
DǳƛŘŜΣέ which provides a high 
level overview of DH project 
elements according to 
developmental STAGES, from DH 

project conception through to 
utility development.  

This handbook provides a more detailed focus on considerations associated with each project ELEMENT. 

Elements  
 

All ELEMENTS of a biomass DH system are inter-related. Each of the elements outlined in the graphic 
influences project viability and each should be carefully considered throughout biomass DH project 
planning and implementation. 

While each element can be analyzed on a stand-alone basis to identify options, considering all elements 
in an integrated way is necessary to bring the full picture into focus. 

This handbook explores each element in detail and ends with an integrated approach to assessing 
biomass project viability. Discussion of each element includes: 

¶ why it is important 

¶ key concepts 

¶ optimizing for viability 
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Community  

Importance 
/ƻƳƳǳƴƛǘȅ Ŏƻƴǎǳƭǘŀǘƛƻƴ ƛǎ ŎǊƛǘƛŎŀƭ ǘƻ ŀ ǇǊƻƧŜŎǘΩǎ ǎǳŎŎŜǎǎ ς 
allowing a project to get off the ground, operate effectively 
and, if an opportunity arises, to expand.   

In Western Canada, technically and economically viable 
bioenergy projects have been challenged because of 
community concerns about air quality.  ±ŀƴŎƻǳǾŜǊΩǎ South 
East False Creek DH system in Vancouver (originally intended 
to use biomass) and the Aboriginal Cogeneration project in 
Kamloops (generating electricity from gasification of 
creosote-treated railway ties) both ran into problems 
because of public concerns about air quality impacts. 

In the City of Prince George, initial plans to combust biomass 
at a proposed energy centre were opposed by the public 
because air quality was already a problem and the public 
was resistant to anything that could make it worse. The City 
overcame these concerns by recovering heat from a nearby 
industrial facility that was already combusting biomass and installing improved flue gas cleaning 
technology. They were able to illustrate that there would be a net decrease in particulate matter in the 
air shed, leading to public acceptance of the project. 

Although air quality will likely be the primary issue of concern, concerns may also include: 

¶ traffic management during construction 

¶ impact on community areas near construction site 

¶ financial (and other) risks to the municipality and the community 
  
Negative community perception may also affect ŀ ǎȅǎǘŜƳΩǎ ŀōƛƭƛǘȅ ǘƻ ǎƛƎƴ-up customers. System co-
benefits (see the co-benefits section of the Small-Scale Biomass District Heating Guide) should be 
emphasized at every opportunity. 

 

Figure 1: Anti-bioenergy protest, Kamloops. 
Source: http://noticequietnature.blogspot.ca/ 

Pre -Feasibility  
Feasibility & 

Design  
O&M  Build  
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An example of good 
communication between industry 
and the public: 

ϦΧǘƘŜ /ƘŜǾǊƻƴ bƻǊǘƘ .ǳǊƴŀōȅ 
Community Advisory Panel gives us 
a chance to deal with Chevron 
directly. I believe they are sincere 
in wanting to be good neighbours. 
Their challenge is to address the 
knowledge gap between what 
ordinary citizens know about the 
refinery process and the factual 
information Chevron employees 
and regulators use to determine 
what constitutes a safe operation 
within an urban environment." 

tΦ /ŜŎƘΣ ŀǎ ǉǳƻǘŜŘ ƛƴ ά/ŀǎŜ {ǘǳŘȅΥ /ƘŜǾǊƻƴ 
.ǳǊƴŀōȅ wŜŦƛƴŜǊȅέ prepared by 
Environment Canada at 
http://ec.gc.ca/energie-
energy/default.asp?lang=En&n=D23E8142-1 

Key Concepts 
Key concepts to communicate in stakeholder engagement are: 

¶ Air quality impacts 

¶ Community co-benefits 

¶ Risks and planned mitigation measures 

¶ Municipal long-term vision 

Communicating air quality issues can be challenging.  Air quality 
science is complex and includes consideration of both natural 
background levels of common air contaminants (such as dust) and 
those arising from new emissions. 

Residents can have serious concerns about emissions, particularly 
with respect to the health impacts of fine particulate matter 
released from biomass burning or toxins released from burning 
materials that are contaminated by chlorine or other chemicals. 
Advising that air quality will be only a little worse than usual or 
within regulatory levels is often not good enough. 

Community health concerns must be addressed through a 
transparent public consultation process. A trusting relationship 
between the project proponent and the community should be 
established in advance.  While not directly related to biomass 
ŎƻƳōǳǎǘƛƻƴΣ /ƘŜǾǊƻƴΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ǇǳōƛŎ Ŏƻƴǎǳƭǘŀǘƛƻƴ ƻƴ ŀƛr quality issues at their Burnaby refinery 
provides an example of transparent, ongoing public engagement. See the box above for more 
information.  Lƴ !ƭōŜǊǘŀΣ {ǘǊŀǘƘŎƻƴŀ /ƻǳƴǘȅΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ƻƴƎƻƛƴƎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǿƛǘƘ ǎǘŀƪŜƘƻƭŘŜǊǎ 
is articulated in the cƻǳƴǘȅΩǎ /ƻƳƳǳƴƛǘȅ 9ƴŜǊƎȅ {ǘǊŀǘŜƎȅ όCƛƎǳǊŜ нύΦ 

Optimizing for Viability 
To create and maintain a good relationship with the community, it is important to: 

¶ include all affected parties in planning (community members, provincial and local environmental 
regulators, health authorities, neighbouring businesses etc.) 

¶ communicate early and often. Listen closely to concerns, be transparent in your communication and 
establish trust 

¶ only use clean, uncontaminated biomass fuel 

¶ strive for the best economically achievable emissions control 

¶ consider risks and mitigation measures from the outset 

¶ highlight community co-benefits from the project 

 

 

 

Figure 2: Snapshot of 
County of StrathcoƴŀΩǎ 
Community Energy Strategy, 
August 2011. Source: 
http://www.strathcona.ca/f
iles/files/at -lls-arm-110830-
report-11-1.pdf 

 



 Small-Scale Biomass District Heating Handbook 

 

4 
 

Pre -Feasibility  
Feasibility & 

Design  
Build  O&M  

S  T  A  G  E  S  

Customer  

 

 

 

 

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

Key Concepts 

Building energy system compatibility and heating loads 
In the case of retrofitting existing buildings to connect to a DH system, a key issue is technical 
compatibility with existing building energy systems. The graphic below outlines different existing heating 
systems and their compatibility with DH systems. 

Legend  

x  ï Not feasible, ~ ï Technically feasible, but high cost, ã ï Feasible 
 

Type of  building  energy system  Biomass DH system compatibility  

Electric baseboards / packaged t erminal air 
conditioners (PTACs)  

x  ï unless a major (and expensive) building renovation 

takes place 

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

Forced air furnace  ã ï for a single heat coil. Cost increases with additional 

heat coils. 

Any type of hydronic system ï e.g. fan coils 
/ radiato rs fed by boiler, water - loop heat 

pumps  

ã ï DH connection replaces the buildingôs boiler 

Domestic hot water  ã ï DH connection replaces the buildingôs boiler / water 
heater 
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Understanding annual heat consumption, peak heat demand, and customer energy demand profiles 
helps to define the business case.  

Customers with high annual heat consumption generally improve the business case. After determining a 
ŎǳǎǘƻƳŜǊΩǎ annual heat consumption, consider its potential value with the distribution pipework that 
would be necessary to connect the load. See the ΨCƛƴŀƴŎŜ ŀƴŘ DƻǾŜǊƴŀƴŎŜΩ ǎŜŎǘƛƻƴ ŦƻǊ ŀƴ ŜȄŀƳǇƭŜ 
calculation on this. 

Peak heat demand defines connection requirements for the customer. 

The demand profile of customers affects the shape 
of the heat load duration curve and the economics 
of the DH system (see ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƻƴ ΨsƛȊƛƴƎΩ ƛƴ 
the Energy Centre section). 

Ideally, a DH system would have customers with a 
diversity of demand profiles on a daily and 
seasonal basis. Figure 5 demonstrates how 
aggregating load profiles can result in a less 
άǇŜŀƪȅέ overall demand. Building #1 represents a 
load profile typical for a commercial building and 
building #2 for a residential building.  

Any opportunity that may have sizable year-round 
or summer heat demand can offset the fact that 
most buildings will have higher demands in the winter. 
Such opportunities could include hospitals, recreation 
centres, outdoor swimming pools, and greenhouses. 
To help with establishing a demand profile, space 
heating, hot water, and process loads can be distinguished. 

Energy transfer stations (ETS) 
Energy transfer stations transfer heat between the pipe 
network and the building. They contain a heat exchanger 
and a heat meter. Figure 4 demonstrates the difference in 
scale needed for an independent building heating system 
versus an energy transfer station. In Figure 4, the old boiler 
can now be removed, and an alternative use found for the 
space. New buildings connecting to a DH system can be 
designed for this from the start, reducing space 
requirements for the plant room and increasing saleable or 
leasable space. 

Energy transfer stations can cost $300 to $500 per kW of 
customer peak demand. Costs include heat exchanger, 
control valve, meter, controls, all piping and valves, 
engineering and construction, and contingencies.  Costs do 
not include anything on the secondary (building) side of the 
heat exchanger such as pumps and controls, 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 HVAC system via a heat 

Figure 4: Energy transfer station in an old 
boiler room. Source: T. Berry, Compass 
Resource Management, District Energy Primer, 
2012, p5. 

Figure 3: Representation of individual building and 
aggregated daily energy demand profiles. Source: Ken 
Church, Is District Energy Right for your Community? 
Municipal World, November 2007. 
http://www.districtenergy.org/  
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exchanger. Costs ŦƻǊ ǘƘƛǎ ǘȅǇŜ ƻŦ άŘƛǊŜŎǘέ ŎƻƴƴŜŎǘƛƻƴ would be less than $300 per kW of consumer peak 
demand. 1 

Heat meters 
There are three main types of heat meter: magnetic, ultrasonic, and turbine. Turbine meters are less 
expensive, but have higher maintenance requirements that can more than outweigh initial savings. 
Ultrasonic and magnetic meters are both acceptable. Ultrasonic meters are cheaper and easier to install, 
but less accurate.2 All heat meters need to be calibrated periodically (approximately every five years), 
and this can be done by sending the original meter back to the factory while a replacement meter is 
installed. 

Very small biomass DH systems may find metering too expensive or burdensome and may choose to 
apply an allocated charge based on the size of the heated area or another aspect, such as the capacity of 
the connection, instead. 

Contracts, connection charges, and billing 
Customer contracts may include a thermal energy charge (indexed to fuel prices), a standing charge 
based on the capacity of the connection (linked to CPI), and an ongoing maintenance charge. Customer 
contracts should be long term, preferably of the same duration as the capital amortization period, (e.g. 
20 years). Provisions to cover fixed costs of the DH 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 attributed to each 
customer. Its inclusion incentivises customers to not contract for excessive capacity and to possibly take 
measures to reduce peak demand before connecting. This can free DH system capacity for other 
customers. 

Connection charges are sometimes requested to help offset capital costs, particularly for customers that 
wish to connect but for whom revenue from thermal energy sales will not justify connection costs. In 
cases where a new building developer will sell the building or units to new owners, a connection fee 
ensures that the developer pays for the capital cost of connecting to the DH system (similar to when a 
heating plant is required for the development). Ensuring that only operating, and not capital costs, are 
passed on to the new building owner helps avoid creating an impression that DH is more expensive than 
conventional heating. However, this approach, as with all matters related to contracts and financing, 
needs to be carefully considered. 

Charges should be based on long-term levelized cost of service to keep costs more affordable for the 
first customers, with a revenue deficiency deferral account to be repaid as more customers connect 
later. Some further information on contracts, including examples of what several district energy systems 
have done, can be found in the Pacific Institute for Climate Solutions White Paper The Regulation of 
District Energy Systems (May 2013) by Peter Ostergaard.3 

Billing normally occurs on a monthly basis. 

                                                             
1 From interviews and/or correspondence with staff at FVB Energy, 2013-2014 
2 The Carbon Trust, Biomass heating: A practical guide for potential users (CTG012), 2008, p.92. 
www.carbontrust.co.uk 
3 Prepared for Pacific Institute for Climate Solutions and posted at: 
http://pics.uvic.ca/research/publications/white-papers 
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Optimizing for Viability 
It is imperative that there is success in developing a customer base for the DH system and that the 
technical viability of customer connections is guaranteed by an experienced engineer or installation firm 
in communication with the customer. 

A communications and marketing strategy helps to ensure success in building a customer base. 
Maintaining community support and being open and forthcoming with information will help attract 
potential customers. Understanding customers, their behaviour and technical constraints is also 
important. It may be important to emphasise value over price and to ensure that the contract is well-
designed. If the DH proponent is well known and trusted within the community, this can help to 
encourage connections. Supportive municipal policies can also help encourage connections to new 
buildings. For more information on supportive policy, ǎŜŜ ǘƘŜ ΨRegulations and PolicyΩ ǎŜŎǘƛƻƴΦ 

In small communities, potential customers can be identified through local knowledge and by verifying 
the type of HVAC system each building has.  Providing information to potential customers about 
bioenergy and DH are will be necessary, as will reaching out to potential customers on an individual 
basis. 

Local and provincial government buildings can provide anchor loads, with other buildings in the 
community providing additional loads. The potential difficulty of attracting customers should not be 
underestimated.  For owners of existing buildings or developers of new ones, energy efficiency 
initiatives often suffer from a low priority compared to other concerns. Signing contracts with potential 
anchor customers prior to DH construction help manage financial risk.  

For ongoing viability of the DH system, carefully consider contract elements ς particularly index to fuel 
prices and volume or price guarantees ς to ensure that cash flow meets expectations. Cooperation 
agreements will help ensure that ŎǳǎǘƻƳŜǊΩǎ equipment behaves in the way that is anticipated.  
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ÅIdentify waste heat 
ÅEstimate fuelneeds
ÅIdentify biomass sources 

and pricing

ÅConduct fuel supply 
analysis

ÅSoft commitmentfrom 
potential fuel suppliers

ÅConfirm fuel supply 
(finalize contract)

ÅFirst fuel delivery for 
testing / commissioning

ÅManage fuel deliveries

Fuel Supply  

 

 
 

 

Importance 
Forest biomass as a fuel is distinct when compared to other sources of energy, such as heating oil or gas, 
due to the complex make-up of supply chains and varying raw material demands of different utilization 
sites.  

Many heating plant operators are used to working with oil and gas ς which have national and 
international supply structures in place and logistics solutions already established. When dealing with 
the use of forest biomass for energy, the situation is very different. There are diverse forms and qualities 
of raw material, more complex and less developed supply structures and varying demands on the final 
quality of the product by different customers.  

Consequently, developing efficient and robust supply structures is a demanding task when establishing 
new energy systems based on forest biomass. There can be shortages of local expertise in the 
development of reliable supply structures in countries without any prior experience in the production of 
forest biomass for energy. There are cases where establishment of supply structures or heating plants 
has failed due to the lack of appropriate technology, expertise and knowledge about the supply systems 
and available resources. 

System proponents must ensure that there is enough fuel available in the short and long-term. A high 
margin of security in supply may be required by funding / financing partners. Biomass fuel supply chains 
will need to be thoroughly analyzed. Modelling of long term supply should cover at least 20 years and 
the analysis should be completed separately for each community involved. 

Biomass fuel supply analysis should consider:  

¶ quantity ς  look for long-term fuel availability locally and consider seasonal variations 

¶ quality ς the fuel must meet the quality specifications of the anticipated bioenergy system type 

¶ cost ς the price of fuel must be economically viable; consider raw material price fluctuations from 
competing demands 

¶ logistics ς biomass delivery and storage and, in case there is no existing fuel supply, drying, 
grinding/chipping, (potentially pelletization) and transportation of raw fuel 

 

 

 

Pre -Feasibility  
Feasibility &  

Design  
Build  O&M  
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Table 1: Sources of Biomass Fuel 

 Sources of Wood Fuel for Combustion Sources of Agri-based Fuel for Combustion 

Waste 
Residues 

¶ Non-merchantable fiber such as roadside 
accumulations of low quality trees not 
processed for lumber and salvage material 

¶ Undersized trees 

¶ Trees killed by insects, disease or fire 

¶ FireSmart residues (from forest clearing to 
reduce forest fire hazard near communities) 

¶ Woody waste at mill sites 

¶ Hog fuel 

¶ Clean construction waste 

¶ Cereal grains or canola straw 

¶ Crop milling residues (wheat and oats) 

¶ Purpose grown crops such as switch 
grass (not currently in production) 

Manufactured 
Pellets 

As of 2013: 

¶ Thirteen facilities in BC 

¶ Three facilities in Alberta 

¶ No production in BC or Alberta as of 
2013 

 

Wood pellets have advantages over chips on quality and logistical issues and usually have cheaper fuel 
handling systems. However, wood chips usually have a lower cost than wood pellets (e.g. in Europe 
wood chips are generally half the price of pellets). Lower costs may help to justify a wood chip system 
over a wood pellet system. 

The amount of biomass consumed by a community DH system is usually small compared to what is 
produced by the forestry and agricultural industries.  For example, operating biomass DH systems in BC 
only consume a few hundred to a few thousand tonnes of biomass each year. 4 Sawmills, on the other 
hand, can produce a few hundred thousand bone dry tonnes5 (.5ǘΩǎ) of residues and a few hundred 
thousand .5ǘΩǎ of non-marketable wood per year.6 Most unmarketable wood residue and unusable 
agricultural residue in BC and Alberta is either burned or disposed of by other means. Despite this, these 
residues are not usually available for free.  

Key Concepts 

Context 
Canada has a world-leading wood pellet industry (see box next page).  Both BC and Alberta have 
extensive forest resources, and forestry and wood products industries. Alberta also produces a 
significant amount of agricultural biomass residue, which is largely unused for energy (as of 2013). 
Consequently, there is an opportunity in both Alberta and BC to take advantage of existing biomass 
streams for new district heating systems. 

  

                                                             
4 From interviews and/or correspondence with staff at Fink Machine and Revelstoke Community Energy 
Corporation, 2013-2014 
5
 A bone dry tonne (BDt) is the weight of the fuel at 0% moisture content. 

6BC Bioenergy Network & Envirochem Services Inc., Biomass Availability Study for District Heating Systems, 2012. 
www.bcbioenergy.ca 



 Small-Scale Biomass District Heating Handbook 

 

10 
 

¢ƘŜ ǎŎŀƭŜ ƻŦ /ŀƴŀŘŀΩǎ ǿƻƻŘ ǇŜƭƭŜǘ ƛƴŘǳǎǘǊȅ 

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% capacity - producing about 1.3 million tonnes 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, New 
Brunswick, Nova Scotia, and Newfoundland collectively account for 35%. There are currently (2013) three 
pellet plants in Alberta and eleven in BC (see Appendix 1). 

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

Pellet plants in Alberta produce in the range of 25,000-60,000 tonnes annually. 

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

 

 

Wood chips and wood pellets 
Biomass boilers typically use either wood chips or wood pellets and briquettes. Logs / cordwood do not 
fit into either of these categories and are not usually used in automated biomass boilers at this scale. 

Despite the general guidance given in the following table, individual circumstances can vary widely and 
need to be verified in prefeasibility and feasibility studies. 

 

 

 

 

 

 

Figure 5: Wood chip and wood pellet. Source: FPInnovations 
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Table 2: Chip vs. Pellets 

Category  Chip  (including shavings) Pellet  

Production  Wood chip is generally produced by a wood 
chipper or a hammer mill. 

The production process for wood pellet is 
more energy intensive. They are made by 
compressing saw dust or wood shavings, 
usually in large industrial facilities. 

Energy 
density  

8 - 15 GJ / tonne 

1.6 ï 3.8 GJ / m
3
 

17 - 18 GJ / tonne 

11 ï 11.7 GJ / m
3
 

Density  Approx. 200-250 kg / m
3
 Approx. 650 kg / m

3
 

Moisture 
content  

Normally 20-50% Approx. 5-10% 

Ballpark 
cost, 

delivered  

$50-100 / BDt 

$2-8 / GJ 

$150-310 / BDt 

$8-18 / GJ 

Availability  It can be hard to produce chips precisely 
meeting European specifications. Chips of less 
rigid specifications can be obtained from 
suppliers of wood chips, including saw and pulp 
mills and secondary wood product 
manufacturers. The tighter the specifications 
and consistency required for wood fuel, the 
more expensive it will generally be. Delivery 
distance also affects cost. 

Wood pellets for small scale applications 
(pellet stoves) are usually widely available. 
Larger scale deliveries are often still a 
challenge in BC and Alberta because there 
are no supply structures in place, so it may 
be expensive to procure large amounts of 
pellets locally. Delivery distance affects cost. 

Sourcing  Usually has to be local, as low energy density 
by volume makes it uneconomic to transport 
large distances. 

Local only if it is sourced from a local wood 
pellet production facility, but pellets have a 
distinct advantage over chip in that their 
higher energy density by volume means they 
can be economically transported much 
greater distances. 

Fuel quality 
consistency  

Variable, particularly unless dealing with an 
experienced and well trained fuel supplier. 

Usually pellets are uniform and consistent. 

Fuel 
standards  

Specifications for wood fuels can be requested 
from wood chip suppliers, although presently it 
is unlikely that European specifications can be 
precisely met. See following section on óquality 
considerations of solid biomass fuelsô. 

Wood pellets made for energy purposes are 
normally manufactured according to strict 
European standards, making it relatively easy 
to source good quality wood pellets. See 
following section on óquality considerations of 
solid biomass fuelsô. 

Handling  Chips have less capacity to flow than pellets, 
and are more prone to ñbridgingò (i.e. blocking 
due to their uneven particle size distribution). 
Fuel handling systems that can handle chip are 
usually more robust and, consequently, more 
expensive. 

Wood pellets flow much better than chips, 
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. 

Sources: Interviews and correspondence with FPInnovations, Wood Waste 2 Rural Heat, Biomass Energy Centre, Ledcor, and 
BC Bioenergy Network & Envirochem Services Inc. (Biomass Availability Study for District Heating, 2012) 
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5ŜŦƛƴƛƴƎ άǿƻƻŘ ŎƘƛǇǎέ 

The definition of wood chip used in this handbook includes a variety of types that are often differentiated, 
including for example: shavings, hog fuel, and wood chips derived from secondary product manufacturing or 
clean demolition, land clearing, and construction waste.  However in forestry, wood chip can be used to mean 
a by-product from sawmills, used for purposes such as pulp. In the bioenergy industry, wood chip can be used 
to mean relatively unprocessed wood of small dimensions from any source (except for sawdust), and the term 
is used to distinguish it from wood fuels with large dimensions like logs or more processed wood fuels such as 
pellets or briquettes. 

Agricultural residues 
Agricultural residues that can be burned in a bioenergy system include cereal grains or canola straw, 
crop milling residues (e.g. from wheat and oats), and purpose grown crops such as switch grass 
(although these are not currently in production in BC or Alberta). Agricultural residues can be burned in 
their unprocessed form or processed as pellets or briquettes.  

Outside of North America, the agricultural-biomass pellet industry 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 markets. In areas with a shortage of wood 
residue, agricultural pellets can provide an affordable and local source of fuel. 7  Pelletization helps to 
solve some of the issues involved in using unprocessed agricultural residues, such as high mineral 
content and high fuel variability. 8 

In most years, crop farming in Alberta produces about 15.8 million tonnes of cereal and canola straw as 
a by-product. After deducting the volumes of these residues required for current levels of livestock 
production and sustainable soil erosion protection, it's estimated that 7.7 to 13.2 million tonnes of this 
straw could be sustainably recovered for other uses. 9  Farmers can also focus a portion of their 
production specifically on growing energy crops on land not well suited for other crops. 

Two major studies have examined the opportunity for creating an agriculture residue-based 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 Canadian agency focused on 
developing bioenergy opportunities for rural development and greenhouse gas mitigation. The first 
study was an assessment of the agri-fibre biomass residue resources available in the province. The 
second study added to that investigation with an assessment of the technology options available for 
turning these resources into more viable energy sources. 

The findings indicated that Alberta has substantial agri-fibre biomass residue that could be used as fuel 
for bio-energy and showed that technology improvements now coming on stream will help to further 
the opportunity to use agri-fibre biomass residue for heat and energy. Bioheat from agro-pellets in 
particular has potential as one of the most economically efficient and environmentally friendly means to 
displace fossil fuels. 

The main technical challenges regarding agro-pellets are the production of a high quality fuel and 
technological improvement for small-scale combustion devices. The REAP report notes that an 
understanding of design features that are necessary to be incorporated in the combustion technologies 

                                                             
7
 Straw Pellets Ltd. website, accessed December 2013. www.strawpelletsltd.co.uk 

8 Alberta Agriculture & Rural Development: AgTech Innovator - April 2009. www1.agric.gov.ab.ca 
9 Ibid. 
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to burn agro-pellets is now well grounded in the manufacturing sector. Incremental improvements in 
efficiency, convenience, and lower particulate loads are being made with a series of technological 
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 leadership opportunity for Alberta and Canada within the North American 
context.  

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

Quality considerations of solid biomass fuels 

Currently, there are no standards for the production of wood pellets, wood chips, or agricultural fuels in 
BC or Alberta; however, Canada is working to adopt the forthcoming international ISO standards on 
solid biofuels in the near future. At present, most Canadian wood pellets are exported to Europe and 
meet standards used in Europe, leading to a highly consistent product. (Note that the USA has its own 
quality standard for wood pellets.) 

Biomass fuel quality is closely linked to system success because fuel quality and type has to be an exact 
fit for the selected bioenergy system. In most cases, smaller automated bioenergy systems have more 
stringent fuel specifications than larger bioenergy systems and cannot handle fuel variations. To ensure 
fuel compatibility it is important to work closely with consultants, biomass boiler suppliers / installers, 
and wood fuel suppliers. 

The following wood chip and agricultural fuel qualities should be carefully considered: 

¶ moisture content 

¶ size and shape 

¶ raw material, contaminants and chemical composition 
 

Moisture content 

The importance of moisture content is shown in Figure 6. Moisture content is the key factor for 
determining the energy content of any biomass product so this chart provides a guide for both wood 
and agricultural residues. Energy content per tonne of biomass decreases as moisture content increases.  

Biomass should be as dry as possible before transport, to minimize transportation costs by reducing 
weight (by essentially avoiding the transport of water).  If the moisture content of a fuel being delivered 
to a system will vary considerably, (e.g. wood chip moisture content can vary over the course of a year) 
then the system will need an experienced operator that has the ability to manage the moisture content 
along the supply chain. In practice, biomass should be dried for at least one season to reduce moisture 
content.  In Scandinavia, moisture content is usually reduced from 50% to 30% so that biomass heating 
plants can operate efficiently. 
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Size and shape 

Size and shape of fuels are important for the boiler 
and the fuel feed system, with smaller bioenergy 
systems being more demanding than larger 
systems. The fuel size should be as uniform as 
possible to avoid problems in the fuel handling 
system.  A common specification for wood chip 
systems is that chips must be a maximum of three 
inches in length. Another important specification 
for the supply of wood chips can be the amount of 
fines (fine particles) that are permitted as a 
percentage of the total, as a high proportion of 
fines can increase particulate emissions during 
combustion. Regarding shape, long stringy pieces 
of wood chip might be able to get through a 3 inch 
screen but could then jam up a fuel feed auger or 
the hopper. Consequently, fuel specifications of the biomass system to be installed will determine 
where the fuel will be sourced from or what equipment should be used for fuel production. 

 

Raw material, contaminants and chemical composition 

Biomass raw materials are essential because they basically determine ash, air quality, and fuel handling. 
Bark, for example, has high ash content and may contain minerals that ς depending on the boiler ς can 
cause plugging and corrosion. Even άŎƭŜŀƴέ demolition, land clearing, and construction wood waste can 
be contaminated with paint, plastics, and nails or other metals and it should not be used in standard 
biomass heating systems. Where the biomass was stored ς on paved ground, dirt, or on gravel ς is also 
important. Storing on pavement is the best way to avoid contamination. If biomass is contaminated with 
stones, components of the boiler such as the fuel feed and/or ash removing mechanisms can be 
damaged. 

Figure 7: wood chip dimensions. Source: FPInnovations 

Moisture content ς wet or dry basis? 

Moisture content is calculated as the fresh 
mass minus the bone/oven dry mass, divided 
by either the fresh mass (wet basis) or the 
bone/oven dry mass (dry basis). Usually wet 
basis is used in the bioenergy industry and that 
convention is followed in this handbook. Also 
see equations in ΨAppendix 2 ς Useful 
EquationsΩΦ 

Figure 6: relationship of heat value and moisture content for 
biomass. Source: Natural Resources Canada and FVB Energy via 
Canadian District Energy Association Biomass for District Heating 
module. 
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A boiler may have fuel specifications for the chemical composition of biomass, such as those for ash 
content and certain elements such as nitrogen (N), sulphur (S), chlorine (Cl) and potassium (K). These 
elements may cause operations and maintenance issues with the boiler (clogging gas passages and 
causing corrosion) and may increase air emissions.  

Agricultural residues typically have higher contents of these elements arising from the use of fertilisers 
and pesticides/herbicides in agriculture. The presence of these elements leads to higher emissions of 
NOx, SOx, and HCl than in wood fuel, while increased levels of potassium (K) are correlated with both 
increased particulate emissions and slagging (by lowering the melting temperature of the ash).  

High chlorine (Cl) content in fuel can corrode boiler surfaces and form dioxins.10  Assessments of the 
environmental impact of burning agricultural residue and current state-of-the-art of combustion 
technologies indicate that pellets made from agricultural residues (and in general other ash-, N-, K- and 
Cl-rich fuels) should be used primarily in grate combustion (see ΨEnergy CentreΩ section) or fluidised bed 
boilers equipped with sophisticated combustion control systems and flue gas cleaning systems. ItΩǎ 
unlikely that a clean source of wood fuel will contain these chemicals but wood fuel that has had contact 
with salt water (e.g. some hog fuels) must be avoided due to increased chlorine content. 

 

Fuel supply purchases and contracts 

Wood fuel supply contracts in BC are not usually long-term ς ŦƻǊ ŜȄŀƳǇƭŜΣ ƎǊŜŜƴƘƻǳǎŜǎ ƛƴ ./Ωǎ [ƻǿŜǊ 
Mainland generally have short-term contracts for wood fuels. In BC, the Revelstoke Community Energy 
Corporation is an exception ς it has a 20 year fuel supply agreement with the local sawmill, Downie 
Timber.   

Project financers or funders may require a long-term wood fuel supply contract. One strategy to ensure 
a long term supply is to develop a contract with a local community forest or woodlot. Another option to 
support financing is to demonstrate that sufficient additional back-up sources of wood are available 
through secondary wood product manufacturers, harvest residues of traditional timber harvesting 
operations, or through wildfire mitigation activities. 

                                                             
10 European Pellet Centre website, accessed December 2013. www.pelletcentre.info 

 

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 people often 
ǊŜŦŜǊ ǘƻ .ƻƴŜ 5Ǌȅ ¢ƻƴƴŜǎ ό.5ǘΩǎύ ƻǊ 
hǾŜƴ 5Ǌȅ ¢ƻƴƴŜǎ όh5ǘΩǎύΦ h5ǘΩǎ 
refers to taking a sample of fuel, and 

keeping it in an oven at 105°C until 
no further weight change is detected. 
.5ǘΩǎ ƛǎ ǘƘŜ ǿŜƛƎƘǘ ƻŦ ǘƘŜ ŦǳŜƭ ŀǘ л҈ 
moisture content. ODt and BDt can 
be used interchangeably. In this 
handbook, we use BDt. 

Figure 8: Different kinds of chip. To the left the smaller chip meets the 
9ǳǊƻǇŜŀƴ ΨG30Ω ǎǘŀƴŘŀǊŘ ŀƴŘ ǘƻ ǘƘŜ ǊƛƎƘǘ ǘƘŜ ΨG50Ω standard.  
Source: Wood Waste 2 Rural Heat 

 

http://www.pelletcentre.info/
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There are fewer examples of bioenergy systems in Alberta but the fuel supply contract situation appears 
to be similar to BC. There are no contract standards as of 2013. When a system must obtain fuel from an 
outside source, this is often achieved on a spot purchase basis. {ǘǊŀǘƘŎƻƴŀ /ƻǳƴǘȅΩǎ 5I ǎȅǎǘŜƳ Ƙŀǎ ŀ 
relatively short-term (about two year) 
contract in place for a supply of wood chip 
derived from old pallets.  

Longer-term contracts for agricultural 
residues may be harder to arrange than 
wood supply contracts because of annual 
variations in crop production and variations 
in the amount of land a farmer may have 
under production each year. 

Contracts should include specifications for 
fuel quality, even if they are only minimum 
requirements. However, signing a contract 
with strict specifications might only be 
possible if a local government is installing a 
large system or is situated in an area with a 
well-developed fuel supply market. 

Fuel purchases should ideally be conducted on either a dry weight or energy content basis; using a green 
weight basis could incentivise delivery of fuel with high moisture content. In practice, it would be wise to 
advise suppliers on how much will be paid for deliveries with different moisture contents. 

The most commonly used method to determine moisture content is to take several samples from a 
delivery vehicle and determine moisture content using the oven dry method, shown in Figure 9. 
Moisture content of delivered fuels should be measured at the same time as other fuel attributes, such 
as size distribution and the presence of obvious contaminants such as rocks, organic matter and sand, 
are determined by inspection. More information about biomass sampling can be found in FPInnovationsΩ 
Biomass Sampling Procedures and Analysis document. 

 

Biomass logistics & supply 

Biomass handling should always be minimized to reduce costs and to avoid fuel deterioration. Wood 
pellets, for example, tend to break up every time they are handled; they can break up at every fuel 
transfer point and from rubbing together during transport. When they break up, a very fine dust is 
produced which is difficult to contain and can present a significant fire and explosion risk.11 

It is important to ensure that 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 required. Some biomass fuels, for 
example, agricultural residues, may only be available on a seasonal basis. 

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

 

 

                                                             
11 Biomass Handling website, accessed December 2013. www.advancedbiomass.com 

Figure 9: Measuring moisture content of woodchip using the 
oven dry method. Source: The Ashden Awards for Sustainable 
Energy (photo of Midlands Wood Fuel Ltd.) 



 Small-Scale Biomass District Heating Handbook 

 

17 
 

Getting involved in fuel supply 

If a local government must get involved in fuel supply, additional logistical items that should be considered 
include: 

¶ ability to purchase suitable fuel 

¶ existing or needed distribution systems 

¶ distance and terrain associated with fuel transport 

¶ fuel processing  
 

Transportation costs will affect affordability. The closer a source of fuel is to the end use, the lower costs will 
be.  Terrain can also affect accessibility and fuel consumption of transport vehicles. 

A large proportion of available wood fibre in the forestry sector, particularly higher quality sources that are 
competitively priced, may already be tied up in formal or informal agreements. If it is necessary to access non-
merchantable material from forestry operations, a wood fuel supplier will require an agreement with the 
tenure holder.  If an agreement is not possible and the slash is not being utilised, tenure for that slash may be 
formulated with provincial governments. In BC, for example, this may be achieved ǘƘǊƻǳƎƘ ŜƛǘƘŜǊ ŀ ΨCƛōǊŜ 
CƻǊŜǎǘǊȅ [ƛŎŜƴŎŜ ǘƻ /ǳǘΩ ƻǊ ŀ ΨCƛōǊŜ {ǳǇǇƭȅ [ƛŎŜƴŎŜ ǘƻ /ǳǘΩΦ 

The location of fuel processing facilities affects cost as well. Processing fuel near its source will reduce 
transportation costs because fuel density is increased.  Processing near source, however, will be more 
challenging for fuel sources that are characterized by low volumes distributed over a large area. 

If the fuel is too wet at the time of processing, and long-term storage is expected, then fuel must be carefully 
managed to avoid contamination, composting and potential fire risk. For wood, it is generally easiest to dry it 
before processing. 

Before making any investments in the fuel supply chain, it is essential to know what kind of biomass is needed 
so that the proper harvesting equipment is purchased. For wood fibre, chipping and grinding each produce a 
different quality of fuel. Grinding may have more difficulty in producing smaller chips and is also more likely to 
produce long stringy particles of chip that may jam up augers. Chipping is also sensitive to raw material quality 
because wood chippers will not tolerate contamination (e.g. stones and nails). 

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

An example of a community that is involved in the fuel supply chain is the Village of Telkwa in BC. They are able 
to source suitable raw material in the immediate area (a community forest) and they have bought a chipper to 
process material for their own small-scale biomass district heating system. 

 

Forest energy supply chains 

There is a sequence of operations conventionally performed to move raw forest biomass from a source 
to a heating plant. Each of the following steps depends upon available forest resources: 

¶ collecting forest biomass according to demand and quality requirements,  

¶ preparing biomass according to quality requirements and for efficient transportation, and 

¶ transporting biomass to the energy centre and storing it.  
 
In the case of forest harvest residues, the collection of biomass is comparatively simple since the 
biomass is ŀƭǊŜŀŘȅ ΨƘŀǊǾŜǎǘŜŘΩ during regular timber harvesting, although proper pre-concentration and 
pre-piling of harvest residues from timber harvesting is essential to ensure further efficient processing. 
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In the case of a biomass operation such as forest ΨthinningΩ, a separate harvesting operation has to be 
carried out, which leads to 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 (April ς September) to reduce moisture content to approximately 30%, which will reduce 
transportation costs and improve biomass heating value. In Europe, a paper cover is often used to 
improve biomass drying and to prevent snow and ice from entering piles. In the Canadian context, 
recent tests in Quebec 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 challenging phase of the 
biomass supply chain is transportation. Most 
existing supply chains have developed around 
solving this problem. The transportation challenge 
is based upon two issues ς low energy density per 
volume of fuel and fuel moisture content. To 
increase transportation efficiency, it is necessary 
to find ways to increase fuel density and reduce 
moisture content prior to transport.  

Chipping is considered an essential step in the 
supply chain since a large number of outside 
factors, such as raw material available, equipment 
used, and how the work is organized, affects it.  
Over time, practices in many countries have 
demonstrated that chipping or grinding at the 
roadside, with subsequent transportation to the 
heating plant, is a reliable, universal and cost 
efficient method to produce forest biomass for 
energy.  This approach could work in BC and 
Alberta if necessary technology investments are 
made.  

The reasons why roadside chipping has been so 
successful are multifold. The main advantage is 
enhanced transport economy due to the higher 
payload of the transport vehicle. Moreover, 
roadside chipping allows for the delivery of chips 
to different customers and enables limited storage 
capacity at the plant.  

Another advantage is that roadside chipping relies 
on proven and reliable technology which, in 
return, limits downtime of the machines. Roadside chipping can be carried out using a wide variety of 
mobile chippers, ranging from farm tractor based chippers in smaller scale operations to large-scale 
chippers for industrial production of forest chips. Small scale chippers could provide a reasonable 
solution in BC and Alberta; however, it is essential that they are equipped with a screen. Usually, the 

Figure 11: Trace Resources roadside grinding operation, 
Merritt, BC. Source: BC Bioenergy Network & 
Envirochem Services Ltd., Biomass Availability Study for 
District Heating Systems, 2012. www.bcbioenergy.ca 
p.32 

Figure 10: Roadside chipping operation in Finland using a 
farm tractor. Source: FPInnovations 
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chips are blown directly into a truck or container, then transported from the roadside landing to the 
energy centre.   

The chip storage area and access to it must be properly designed to ensure that a truck can be unloaded 
easily and quickly. 

Optimizing for Viability  
Before a district energy system is built, a proponent must have confidence that a long term supply of 
fuel, of the right price and quality, is available. A supply of least 20 years is recommended.  A reliable 
fuel supply is critical to the success of a bioenergy system and the challenges around building a viable 
fuel supply chain are not always fully appreciated from the outset. The complexity of obtaining a reliable 
fuel supply will vary from one community to another. If an existing source of reliable fuel 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 chain. The dynamic nature of the forestry industry should also be 
taken into account because of the potential for wood fuel value to change. 

Once a local government has determined what fuels are available in nearby, it can look at which 
bioenergy systems are compatible with those fuels. 

To help with system selection, samples of locally available fuels can be sent to boiler installers / 
suppliers for a burn test and to check compatibility with the boiler and fuel handling system. 
Experiences in BC, however, have shown that this test will not provide full certainty. A local government 
could also contact other organisations that have installed the same boiler to discuss fuel issues and 
exchange fuel samples. 

Local governments should work closely with local fuel suppliers to ensure delivery of the right kind of 
fuel. Deliveries of fuel should have their quality monitored (moisture content and particle size 
distribution) at the energy centre to ensure that fuel is meeting expectations. Initial monitoring should 
also take place during fuel production because it can be difficult to reject a load of fuel once it has 
arrived at the energy centre. However, energy centre operators must maintain the right to refuse a 
delivery over quality issues. Because it is difficult to see beyond the top layer of a fuel delivery, the fuel 
should also be monitored as it is being consumed. 

There have been a number of studies in recent years exploring the availability of agricultural residues for 
combustion. However, the type of processing required so that these residues will burn efficiently and 
the type of equipment (or adjustments to current equipment) required for combustion is relatively 
limited, as of 2013, in on-the-ground systems in operation. Further work is required to determine long 
term, reliable supplies of agricultural residues as well as distribution systems that will work for relatively 
small amounts of fuel distributed over a large geographic area. 
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Importance 
Appropriate design, construction and operation of an energy centre will ensure technical and financial 
success of the system. 

Key Concepts 
Components of a biomass district heat energy centre are described in the following table.  

Table 3: Components of Biomass DH Energy Centre 

 

 

Figure 12: Energy centre for a 2 MW wood fuel boiler, showing wood fuel delivery area, fuel store, fuel transfer / feed 
mechanisms, ash handling system, and flue. Source: Natural Resources Canada and FVB Energy via Canadian District 
Energy Association Biomass for District Heating module. 

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 

boiler  

A critically important component is a boiler for backup and/or peaking. These are 
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. 

Pre -Feasibility  
Feasibility 

& Design  
Build  O&M  






















































