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Major initiatives are underway in Canada to produce power from renewable sources.
Incentives designed for renewable power resulted in a major increase in wind power
capacity in 2006-08, reaching 2,369 MW in 20084. Grid power capacity from wind and
tidal sources reached 3,850 GWh in 2007, 0.6% of Canada’s power capacity, compared
with 1,980 GWh for biomass. If off-grid power is included, biomass power production is
7-8,000 GWh. A major advantage of biomass over wind is that power supply is constant,
while wind can only supply power at 33% efficiency. Another advantage singular to
biomass is the production of renewable heat, largely ignored in incentive programs.

Fig 1.2 Renewable Electricity Generating Capacity 2007

2. Policy
2.1. Climate Change Policy

In 2007 Canadians contributed about 747 million tonnes (MT) CO2e of GHGs to the
atmosphere, approximately the same level as in 2004 as shown in Fig 2.15.

Figure 2.1- Canada GHG Emission Performance 1990-2007

4 CanWea
5 Environment Canada 2007- http://www.ec.gc.ca/pdb/ghg/inventory_report/2005_report/som-
sum_eng.cfm#s1
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The trend of GHG emissions is flat from 2003. Emissions in 2007 are 26% above 1990
levels and 33.8% above the Kyoto target of 558 MT. Increases are due to higher oil & gas
extraction (largely for export to the US to improve their energy security), and higher
heating requirements and transportation due to our increasing population. Canada
ranked 57 of 58 industrialized countries and developing nations on climate change
progress based on a performance index6. Sweden, Germany and France topped the
ranking. However, Canada is a growing country. Fig 2.2 illustrates that GHG emissions
per person in 2006 grew only 3% from 1990 levels, and it has declined 6% since 2003.
Canada’s population grew 21% since 1990, compared with Sweden-7% and France-9%.

Fig 2.2- GHG Emission per Person

Fig 2.2 illustrates GHG emissions by province. While many provinces barely increased
GHG emissions, including hydro-rich Quebec, Alberta and Saskatchewan have increased
emissions considerably, almost entirely due to oil and natural gas development so that
the US can import from Canada rather than from the Middle East.

Figure 2.2: GHG Emissions -1990 and 2006

6 Canwest News Service Dec 10 2008, based on a report released by Germanwatch
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eliminate natural gas a fuel. Ontario Power Generation is legislated to shut down all
coal-fueled power generation by 2014, and has plans to convert the Atikokan power
station and part of the Nanticoke power station to biomass. It held and “expression of
interest” to supply biomass in early 2009.

One of the major shortfalls of Canadian policy is the fixation with power rather than
heat. This focus has led to a significant increase in power “capacity” building, largely by
way of wind turbines, but the result has been a realization that wind power capacity
translates to production only 32% of the time, and now additional gas cogeneration is
being contemplated to meet peak power needs. Production of renewable energy that
includes power AND heat is one of bioenergy’s great advantages. The Canadian
Bioenergy Association (CanBio) is promoting equal incentives for both power AND heat,
both to improve the economics of biomass energy projects and to enable the constant
power required by grids.

Provincial policies are summarized in Appendix 1.
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3. Biomass Resources

3.1. Woody Biomass
Forest biomass can be broadly separated into three categories; mill residue (bark,
sawdust and shavings primarily from pulp mill and sawmill operations), forest residue
(tops, branches and leaves from harvest and thinning operations that are left in the
forest or at roadside after delimbing), and standing timber (Mountain Pine Beetle Wood
and unmerchantable wood for example).

3.1.1. Annual Residue Production:
In 2004 Canadian sawmills produced 83.5 million m3 of lumber. However, the sub-prime
financial crisis in the US which led to a worldwide recession in 2008-09 has changed the
situation entirely. Millions of unsold homes in the US have drastically reduced home
building and subsequently the demand for Canadian lumber. Production has fallen from
83.5 million m3 in 2004 to 57.2 million m3 in 2008, as shown in Fig. 3.1.

Fig 3.1

Table 3.1 shows that the decline has hit all provinces, with Ontario, Quebec and New
Brunswick being particularly hard hit.

Table 3.1- Sawmill Production in Canada by Province8 (000m3)
2004 2005 2006 2007 2008 ch 04-08

BC 39,205 41,014 41,050 36,677 28,192 -28.1%
Alberta 8,053 7,362 6,782 7,853 7,358 -8.6%
Sask 1,184 749 479 200 0 -100.0%
Manitoba 637 700 459 200 0 -100.0%
Ontario 8,728 9,104 8,493 7,753 5,509 -36.9%
Quebec 19,883 18,607 16,126 14,588 12,401 -37.6%
New Brunswick 4,039 3,797 3,525 3,349 2,408 -40.4%
Nova Scotia 1,785 1,557 1,308 1,224 817 -54.2%
Canada 83,514 82,890 78,222 71,844 58,693 -29.7%

8 Statistics Canada Publication 35-003-X
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The severe drop in lumber production has essentially wiped out surpluses of mill residue
in 2009. A 2005 mill residue survey9 of Canadian pulp mills and sawmills indicated that
2004 production of bark, sawdust and shavings was 21.2 million ODt10 (365 PJ) as shown
in Table 3.2. Of this 17.7 million Odt was committed to produce onsite energy, or sold to
independent power producers, board and pellet manufacturers, farmers for animal
bedding, and landscapers for garden beds. Some was exported, but there was still an
annual mill residue surplus of 2.7 million ODt (46 PJ). In 2009, with the drop in lumber
production, the estimated production of mill residues is only 14.0 million Odt.

In 2005-08 several large new biomass projects were built that anticipated using 1.1
million ODt of mill residue including 815,000 ODt11 in BC alone. These projects included
a new pellet plant in Houston BC, a pellet plant expansion in Price George, a pellet
capacity increase at Canfor, and a bark boiler project at the AbitibiBowater pulp & paper
mill in Ft. Frances in Ontario. As shown in Table 3.2, mill residue demand by existing
projects in 2004 combined with demand from new projects exceeds 2008 mill residue
production by 4.9 million Odt, leaving many projects scrambling for biomass. Many
biomass energy plants have had to reduce capacity or shut down. There may be small
surpluses in some locations.

Table 3.2- Canada Surplus Mill Residues 2009 (ODt)
2004 2005-2008

Province Prod'n Consump. Export Surplus Est. Prod'n New Proj. Surplus
BC 6,554 4,338 350 1,815 4,713 815 -440
Alberta 2,406 1,924 0 481 2,198 30 244
Saskatchewan 580 416 0 164 0 -416
Manitoba 225 212 0 13 0 -212
Ontario 2,602 2,480 1 121 1,642 250 -1,088
Quebec 6,669 6,400 169 100 4,159 -2,241
New
Brunswick 1,373 1,223 150 0 819 -404
Nova Scotia 601 588 0 13 275 -313
PEI 24 23 17 -6
Nfld & Lab. 195 166 0 30 137 -30

Total 21,229 17,770 670 2,737 13,960 1,095 -4,905

3.1.2. Hog Fuel Piles:
In BC, Alberta and Manitoba, sawmills were required to incinerate bark and sawdust
that was not used internally or sold in the year it was produced, while in Saskatchewan
and the Eastern provinces incineration was disallowed and mills piled excess residue at

9 Estimated Production, Consumption and Surplus Mill Wood Residues in Canada-2004, A National
Report- NRCan & FPAC; Prepared by BW McCloy and Associates and Climate Change Solutions
10 ODt- Oven Dry tonnes= Bone Dry tonnes
11 Latest estimate by Brian McCloy, BW McCloy and Associates
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the mill site. With the rising cost of mill residue, mills began looking to this bark as a fuel
source. In some cases the bark is contaminated with rocks or soil, or is too wet to be
economically usable, however many of these piles are excellent sources of biomass for
energy. Table 3.2 shows estimates made by sawmills of bark volume in 2005; usable
bark (fairly dry, little contamination), and bark available (not committed). In Canada on
Jan 1 2005 there were 34.8 million ODt of bark. An estimated 22.5 million Odt was
usable and 20.9 million Odt was available (359 PJ). Some piles have begun to be mined
in Ontario and Quebec so that the volume in 2009 may be closer to 20.4 million ODt,
equivalent to 2.0 million ODt annually if mined over 10 years. (New analyses of the bark
piles have shown that some bark piles were underestimated in terms of the amount that
was usable, so these volumes, particularly in Quebec, could be 2 million ODt higher.)

Table 3.3- Surplus Historic Bark Piles- 000 ODt
2005 Re-estimated 2005-2008

Estimated Usable Available Utilized Remaining Annual*
Saskatchewan 2,900 2,900 2,900 2,900 290
Ontario 19,371 13,270 11,684 80 11,604 1,160
Quebec 11,710 5,651 5,651 400 5,251 525
New Brunswick 300 257 257 257 26
Nova Scotia 213 206 148 148 15
Prince Edward Is. 30 30 30 30 3
Newfoundland 235 188 188 188 19
Canada 34,759 22,502 20,858 480 20,378 2,038

* if mined over 10 years

3.1.3. Forest Harvest Waste and Urban Wood Residue:
With mill residue surpluses essentially gone until the sawmill industry recovers, forestry
and energy companies and provincial governments are looking to harvest residues as
the next fuel source, vast, and much of it burned at roadside. The Canadian Biomass
Innovation Network, the Canadian Forest Service, Agriculture and Agri-Food Canada and
the National Land and Water Information Service have collaborated to develop the
Biomass Inventory and Assessment Tool (BIMAT) to identify and characterize biomass
sources potentially available for bioenergy conversion in Canada. BIMAT is based on
internet map server technology and when complete will allow users to both view and
query the spatially explicit inventory of biomass sources across the country. The model
reflects harvest operations in all provinces and territories. Ontario for example uses full
tree harvesting methods and 90% of harvest residue is left at roadside. Quebec, in
contrast, uses cut-to-length methods in 40% of its operations, thus only 60% of harvest
residues are left at roadside. Since roadside residues are more cost effective than in situ
residues, these only are considered available for bioenergy in this report. They include
low-value materials resulting from harvesting and commercial thinning operations,
primarily tops and branches, and in the case of full tree chipping, bark and log exterior
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residue. The BIMAT woody biomass inventory does not include deforestation,
silviculture recovery biomass or non-commercial whole trees in its inventory.

Table 3.3 shows estimated harvest residue volumes at roadside for the ten provinces,
estimated by BIMAT to be 31.1 million BDt annually. This estimate is a maximum
sustainable level based on the allowable annual cut in each jurisdiction. In fact annual
harvest has been below the allowable annual cut for several years, and the market
factors related to US housing have even more reduced harvest levels. A better estimate
of actual available harvest residue in 2008 might be 22 million BDt.

Table 3.3- Harvest Residue at Roadside and Urban Wood
Roadside Residue Urban

BIOMAT Max Sustainable 2008
HW SW Total Total

BC 404 13,332 13,736 9,946 1,303
Alberta 1,397 1,972 3,368 2,544 1,017
Sask 275 467 743 424 251
Man 64 265 329 131 305
Ont 896 3,485 4,381 2,431 3,900
Que 1,367 5,447 6,814 5,213 2,490
NB 21 827 848 610 146
NS 175 448 623 419 198
PEI 0 0 0 0 24
NFLD 0 239 239 239 116
Total 4,599 26,482 31,081 21,957 9,750

Urban wood residue is already being used for bioenergy and it will increasingly be used
if it is clean and low cost. Urban wood includes discarded wood products, whole trees,
and pruned branches or stumps generated during street and park maintenance. Primary
constituents of used wood residue include used lumber, trim shipping pallets and crates
from construction, demolition, and other activities. BIMAT estimates urban residue
volumes based on population size. An estimated 9.75 million BDt of urban wood
residues are available annually for bioenergy, as estimated by BIMAT.

3.2. Agricultural Residues

Farmland occupies 67.5 M ha (million hectares) in Canada, or 6.7% of the total land
base. Crops are grown on 36.4 M ha, or 54% of farmland. Agricultural activity produces
millions of tonnes of biomass annually, which can be classified as: virgin biomass (grown
for energy), waste biomass (residual fraction of primary harvest), and livestock wastes.
Total crop production in 2001 was estimated at 78.3 M Odt12, of which 70% was wheat,
barley or tame hay. 56.1 M Odt of production was straw or stover, some of which must

12 A Canadian Biomass Inventory- Feedstocks for a Bio-based Economy-2003 BIOCAP
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be returned to the soil to maintain fertility and carbon content. Residues recoverable
and sustainably removable were estimated at 29.3 Odt annually, however some of this
goes to traditional uses such as animal bedding and mulching. Agricultural biomass
available for energy may be 17.3 M Odt annually, or 309 TJ. A June 2007 estimate
suggests that 2 million tonnes agricultural residues annually would be available based
assumptions of 10 year average yields and collecting residue in 1 in every 4 years13.

Livestock manure is a readily available source of waste biomass. Manures are used
extensively as soil amendments, though direct application causes contamination of
surface and groundwater, and manure causes emission of methane gas and nitrous
oxide, two potent greenhouse gases. Manure production is approximately 128 Mt8

(million tonnes) of which 58 Mt, or 46%, is considered recoverable. This represents a
biogas potential of 3.2 billion M3 pa, or heating value of 65 PJ pa, although the energy is
expected to supply on-farm requirements.

3.2.1. Ethanol Feedstock
In Canada in 2008 65% of ethanol was made from corn (all in Eastern Canada), and 35%
from wheat (all in Western Canada). Ontario is the largest corn-producing province in
Canada, and now 56% of Canadian ethanol production is in Ontario. In 2006 it was
estimated that of 9 million tonnes corn was produced in Canada and 1.9 million tonnes
were imported from the US for a total of 10.87 million tonnes, shown on Table 3.4. An
estimated 8.4 million tonnes of corn were used for food and 635,000 tonnes were used
for ethanol. Ontario and Quebec planted record amounts of corn in 2007, and an
estimated 11.4 million tonnes were produced. 1.05 million tonnes corn was directed at
ethanol production. To meet the feedstock supply required by the ethanol plants
operating in 2009, 2.9 million tonnes corn will be needed.

Table 3.4 Agricultural Residues for Ethanol (000 tonnes)
2003 2004 2005 2006 2007 2008 2009

Corn:
Production 9,587 8,837 9,361 8,990 11,400
Imports 3,726 2,098 2,139 1,881 1,600
Total 13,313 10,935 11,500 10,871 13,000

for Feed 9,500 7,951 8,297 8,400 8,700
for Ethanol 320 362 560 635 1,054 1,854 2,867

Wheat:
Production 23,500 25,860 26,775 25,265 22,140

for Food 3,300 5,056 5,056 4,800 4,500
for Ethanol 150 150 150 189 472 941 1,082

13 Mark Stumborg, presentation CanBio Bioenergy Conference Ottawa, June 2007
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Wheat is the feedstock for almost all the rest of Canadian ethanol production, and it will
be an increasing share of feedstock as more Western plants come online. Wheat
production in 2008 was 25.5 million tonnes in 200814. Only 2% of 2007 production,
472,000 tonnes, went to ethanol. Openings of Western ethanol plants in 2008-09 will
increase demand of wheat to 1.08 million tonnes by 2009, as shown in Table 3.4. More
importantly, production patterns of Canadian wheat farmers are expected to change
from high protein/low starch varieties used by the milling industry, to low protein/high
starch varieties preferred by ethanol producers. The Canadian Wheat Board, which
controls the sale of wheat for human consumption, will have no involvement in the
marketing of wheat for ethanol. It is estimated that there is potential for 4.1 million
litres ethanol from Western Canada; 600,000 l from cereal residues, 1,182,000 l from
cereal grain (10% of crop) and 2,350,000 l from perennial biomass15.

3.2.2. Biodiesel Feedstock
A 2% federal biodiesel mandate will alter the feedstock outlook for biodiesel. In 2007
feedstocks for biodiesel included 35 million litres of animal fats and 18 million litres of
imported palm oil, as shown in Table 3.5. Abundant canola and soy beans can be used,
but these crops are priced as food oils in international markets and sometimes carry a
high price. Canola is in high demand as a healthy oil by the food industry. Rendered oils
(yellow grease), rendered animal fats (tallow) and palm oil are priced as feed and
industrial use and carry a low price. If canola prices are too high, sometimes palm oil
must be imported as a feedstock. Recent estimates suggest that there are more than
100,000 tonnes recycled cooking oils, 500,000 tonnes rendered oils from animal fats and
more than 800,000 tonnes vegetable oil, totaling 1.5 million tonnes, are available for
biodiesel production or export16. Canada’s canola production in 2008 is estimated at
12.5 million tonnes17 however most of it is sold as food. Some canola production cannot
be sold into this market if it has been frozen or has other deficiencies, and this canola
can be used for energy. The maximum potential biodiesel production based on 35
million ha in canola production and 10% of the crop in biodiesel is 2,620 million litres.

Table 3.5 Biodiesel Feedstock- million litres
2005 2006 2007

Soybean Oil 0 0 0
Canola Oil 0 0 1
Palm Oil 0 0 18
Animal Fats 0 35 35
Recycled Veg.
Oil 0 0 42

14 Statistics Canada
15 Ibid 15
16 Agricultural Feedstocks for the Bio-economy in 2020: Mark Stumborg, Agriculture and Agrifood Canada
2008
17 Canola Council Dec 5, 2008
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3.3. Municipal Solid Waste
In Canada 33.2 million tonnes of municipal solid waste was generated in 200418, a 13%
increase over 2000. 13.4 million tonnes were from households (418 kg/capita), the
remainder in all other sectors. Of 33.2 million tonnes generated, 7.9 million tonnes
(24%) were recycled or composted, 24.5 million tonnes were landfilled, and 763,000
tonnes were thermally treated. There are 7 main treating installations (5 with energy
recovery, 2 without); 1 in PEI, 3 in Quebec, 1 in Ontario, 1 in Alberta, and 1 in BC.
Emerging technologies at demonstration scales are;

- Plasco: Plasma technology producting Syngas (City of Ottawa)
- Enerkem: Gasification technology (City of Edmonton)

In 2002, 29% of disposed MSW was paper, 28% organics, 9% plastics, 7.6% wood, and
8% metals and glass.

18 Overview of Municipal Solid Waste Management in Canada, A. David, Environment Canada Oct 2007
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4. Use of Biomass

What are the current uses of biomass, how much is used, and what are the trends for
the future? Historically, the chief feedstock for bioenergy was mill residue from forest
products operations. The primary use was generation of heat and power by pulp and
paper mills, sawmills, and independent power plants. In 1989, Ensyn began using this
feedstock to make Pyrolysis Oil, and in 2005 Dynamotive Energy began to use post-
industrial wood to make Pyrolysis Oil. Corn and wheat are used to make ethanol, and
also a small amount of biodiesel, and agricultural wastes are used to heat greenhouses.

4.1. Heat and Power
In 2004 Canada had 78.9 GW of capacity from renewable sources. 67% was from
conventional hydro, 23% from low-impact (small) hydro, and 9.4% from biomass. For
biomass, approximately 26% (1938 MW) was electrical and 76% (5454 MW) was
thermal. Much of the biomass energy production was at pulp mills, many of which have
shut down since 2004. A survey is needed to assess what is the current production and
capacity. Wind power has increased capacity from 533 MW in 2004 to 2,578 MW in
2008, and produces at 33% efficiency on average. Hydro is approximately the same as in
2004. Table 4.1 shows 2004 data with wind and MSW updated to 2008.

Table 4.1 Renewable Heat and Power Capacity 2004 (MW) (Wind and MSW Updated to 2008)

Conven
Lo-

Impct Solar, Tidal
Hydro Hydro Biomass Wind (08) & Earth Biogas MSW (08) Total

BC 7,507 4,680 3,726 0 1 130 5 16,049
Alberta 807 66 633 524 0 5 2,036
Saskatchewan 854 537 171 0 1,562
Manitoba 4,992 28 104 0 5,125
Ontario 7,757 1,511 1,601 964 24 174 4 12,035
Quebec 22,477 11,530 305 532 1 31 34,875
New Brunswick 930 0 396 96 0 1,422
Nova Scotia 396 4 165 59 20 643
PEI 1 72 1 74
Newfdld & Labr 6,902 44 55 7,001
Nunavut & NWT 37 22 0 59
Yukon 77 0 1 78
Canada 52,735 17,857 7,392 2,578 46 340 10 80,958

65.1% 22.1% 9.1% 3.2% 0.1% 0.4% 0.0%
CIEEDAC- Dec 2005 except for wind and MSW

Table 4.2 shows that electrical generation capacity from biomass was approximately
1,866 MW in 2005. With new construction, 2008 capacity would be 2,051 MW. However
some pulp mills closed in the 2006-07 period, shutting cogen capacity.
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Table 4.2 Installed Biomass Power Capacity (MW)
P&P IPP Total underway

2005 2005-08 2008 closures
BC 648 73 721
Alberta 217 62 255 25 280
Sask 77 77
Manitoba 23 23
Ontario 321 13 334
Quebec 126 179 305 74 379
New
Brunswick 164 0 164 164
Nova Scotia 25 55 55
PEI 0 0
Newfoundland 18 18

1,866 185 2,051

4.2. Biofuels Production
4.2.1. Ethanol

In 2004, Canada had 6 ethanol plants producing 238 million litres (ml) of ethanol,
primarily from corn. As a result of government policies, by 2007 there were 10 plants
with total capacity of 890 ml; 546 ml from corn, and 339 ml from grain. Three more
plants came on-stream in 2008 adding 500 ml for a total built capacity of 1,390 ml.
Actual production hit 1 million litres in December 2008. There are four more plants now
under construction that will bring capacity to 1,731 ml, as illustrated in Fig 4.1. In
addition, engineering is currently underway for a 200 ml expansion for corn-based
ethanol in Sarnia Ontario. Canada’s target for 5% ethanol in gasoline requires 1.4 ml
ethanol. This target will be reached with capacity now underway.

Fig. 4.1 Projected Ethanol Capacity
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Due to questionable environmental benefits of corn ethanol, Quebec has outlawed any
future corn ethanol plants, and it is possible that other provinces may do likewise.
Canada is at the leading edge in 2nd generation ethanol technology, and it has been said
that all future plants will be 2nd generation ethanol. Enerkem is leading the way in
Quebec. After testing its Sherbrooke plant using various feedstocks and producing 0.5
million litres annually of alcohols, it just completed a 2nd generation ethanol plant at
nearby Westbury that will produce 5 million litres annually made from old electricity
poles. In addition, construction is starting in 2009 for a 2010 completion of a plant in
Edmonton that will use 100,000 tonnes annually of MSW to make 36 ml of ethanol.

Lignol of Vancouver is a leading technology company in cellulosic ethanol from wood.
After successfully running its pilot plant in Vancouver, in 2008 Lignol signed an
agreement with the US Department of Energy to build a $30US million commercial scale
plant in Colorado, which will produce 7.6 ml ethanol.

4.2.2. Biodiesel
Canada consumes 26 billion litres of diesel fuel per year. Production of biodiesel went
from 9 million in 2006 to almost 100 million litres in 2007-08 due to new capacity and
expansions. Capacity in 2008 was 126 ml. A 2% renewable mandate for 2012 would
require a 5-fold increase in production to 520 million litres per year. As of Jan 2009
there are 6 plants under construction that will add capacity of 330 ml biodiesel; 4 with a
combined capacity of 259 Ml will use canola oil as a feedstock, and 2 will use a mix of
feedstocks. Total built capacity will be 456 ml, as shown in Fig 4.2.

Fig 4.2

4.3. Pyrolysis Oil
Fast Pyrolysis is a process by which small particles of biomass waste are rapidly heated
to high temperatures in the absence of oxygen, vapourized, and then condensed into


