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The federal and provincial governments have numerous renewable energy programs 
in place to reduce Canadian greenhouse gas (GHG) emissions. We have analyzed the
cost effectiveness of these incentive programs and, in doing so, have identified the
most and least cost-effective uses of taxpayers’ money for subsidies and incentives to
mitigate GHGs. 

The lowest-cost government incentive programs identified are for renewable heat and
power technologies such as wind power, solar air and hot water heating, and biomass
pellet heating, as well as energy retrofitting strategies. For these programs, mitigation
could be realized at $10-to-$60 of government subsidy per tonne of carbon dioxide
equivalent (CO2e) offset. 

In contrast, the most expensive government incentives were found to be liquid
biofuels, which ranged from $295-to-$430/tonne of CO2e for ethanol and $122-to-
$175/tonne of CO2e for biodiesel. The federal government’s $4.5 billion
ecoENERGY program has dedicated over half of the total budget towards liquid
biofuels. 

A redirection of federal funds towards more fiscally cost-effective carbon mitigation
approaches would create greater parity in the way incentives are currently used to
encourage renewable energy deployment. One such approach is an incentive that
could be applied equitably across all renewable energy technologies and reward those
that are most cost-efficient.

Overall, governments in Canada are presently over-investing taxpayers’ money in
high-cost mitigation technologies and under-investing in low-cost mitigation
technologies. 
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The current federal government
has committed to reducing
greenhouse gas (GHG)

emissions to 20 percent below 2006
levels by 2020 (Canada 2008a), and all
provinces have set GHG emission
reduction targets as well (Bollinger and
Roberts 2008). 

To meet these goals, governments have provided
subsidies and incentives for developing and imple-
menting renewable energy technologies, focusing
predominantly on liquid biofuels and renewable
electrical power. Typical strategies used to
encourage the development of these energy sources
include renewable fuel standard mandates, tax
incentives, producer incentives, and capital cost
write-downs. Renewable energy policies also
provide other policy benefits to Canadians, such as
enhancing energy security and rural development,
but these policy drivers appear of secondary
importance. The main message on the federal gov-
ernment’s ecoENERGY website is that abating
GHGs is the principal goal of renewable energy
incentives programs. How cost effectively do these
programs meet that goal?

Criticism of incentive programs ranges from
arguments that they will be generally unsuccessful
at reducing GHG emissions (Jaccard and Rivers
2007) to examinations of the high cost of specific
subsidies, such as those for corn and wheat ethanol
(Auld 2008). Yet, despite empirical evidence of the
ineffectiveness of subsidies to reduce GHGs, these
tools remain popular among policymakers. Since
governments that aim to be fiscally responsible
need to understand how the cost effectiveness 
of incentives could be improved,1 we review the
efficacy of the entire portfolio of federal and
provincial renewable energy incentive programs –
with respect to major liquid biofuels, renewable

power, and renewable heat options – to determine
their cost effectiveness at reducing GHGs.2

Government subsidies, however, are only part of
the overall economic costs of these renewable tech-
nologies. In this study, we do not examine  the
costs of equipment, the labour required to build
and operate machinery, and the material used as a
power source. A more detailed analysis that
includes these costs and the proportion of overall
costs that subsidies and other incentives represent
still needs to be undertaken.

In Canada, energy is used in three broad ways:
for transportation, for electrical generation, and
for thermal energy in space and process heat
applications. In 2006, out of a total of 721
megatonnes (MT) of carbon dioxide equivalent
(CO2e) emissions, transportation was responsible
for 159 MT, electricity production for 113 MT,
and fossil fuel combustion from the manu-
facturing/industrial, services, and residential
sectors to provide thermal energy for space and
process heat accounted for 217 MT. In addition,
the fossil fuel industries and agriculture sectors
accounted for 158 MT and 69 MT of emissions,
respectively. 

Currently, $3.5 billion in federal government
incentive programs to mitigate emissions of
GHGs is focused primarily on biofuel
development for passenger vehicles and, to a lesser
extent, on power generation. However, these areas
represent only 13.4 percent and 16.3 percent of
total Canadian GHGs, respectively (Environment
Canada 2008), and only $36 million in planned
spending on renewable energy is targeted toward
thermal energy incentives – an energy use that is
responsible for at least 30 percent of Canadian
emissions.

Understanding the GHG emissions associated
with fossil fuel and renewable fuel use can provide a
sound basis for creating effective policy strategies for
GHG mitigation. When analysing government
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The authors thank Tori Ingram and Allison Witter for their research assistance, as well as all reviewers for their comments on earlier versions 
of the paper. A special thanks to Benjamin Dachis of the C.D. Howe Institute for supporting this initiative and providing valuable insight and feedback.

In the interest of full disclosure, REAP-Canada's primary activities in Canada have been in the research and development of bioenergy feedstocks for 
cellulosic ethanol and heat-related applications. It is currently involved in the development of grass pellets for thermal energy applications. 

1 See Auditor General’s December 2008 report.

2 Some provincial incentive programs developed or modified since September 2008 might not be included here.
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incentives to offset GHG emissions, one should
consider two main factors: first, the potential of the
incentive to reduce emissions – by which we mean
the net percentage of the reduction of emissions
gained by replacing a fossil fuel with a renewable
option; and, second, its cost effectiveness – by which
we mean the dollar amount of subsidy for each unit
of energy produced that is required to offset
emissions by 1 tonne of CO2e.

Our Methodology

Renewable energy alternatives almost always have
lower GHG emissions than traditional fuel sources,
which creates a savings, or offset, when they replace
fossil fuels. To determine the potential savings gained
by replacing fossil fuels, we use a complete life-cycle
analysis of the emissions created in the production of
both fossil fuels and renewable energy alternatives
from “cradle to grave” – that is, taking into account
both the emissions created by the end user and those
created during the manufacture, maintenance, and
raw materials phases of production and disposal.
One can take a number of different approaches to
determine which key elements or activities should be
included in the analysis, but for our purposes, we
base our analysis on the federal government’s
GHGenius 3.14 program (Natural Resources
Canada 2008a).

A considerable scientific debate is under way about
how much and whether to include in life-cycle analyses
the effects of both (i) GHGs released due to land
conversion to biofuel production (see Searchinger et
al. 2008) and (ii) quantification of nitrogen oxide, a
greenhouse gas 300 times more potent than CO2
that originates from the application of nitrogen fer-
tilizers for crop production (see Crutzen et al. 2007). 

Including these other emissions sources often puts
estimates of the GHG intensity of ethanol above that
of gasoline. Here, however, we use more modest

assumptions about other GHG emissions produced
from ethanol that are more favourable to ethanol
than are those in many studies.

Moreover, the large range of scientifically
defensible estimates of emissions related to liquid
biofuels makes comparisons difficult. For the pro-
duction of corn ethanol, we acknowledge the wide
range of estimates by using an average of the
GHGenius 3.14 model and the US Department of
Energy’s Greenhouse Gases, Regulated Emissions,
and Energy use in Transportation (GREET) model,
in which natural gas, rather than coal, is assumed to
provide process energy for ethanol production (see
Wang, Wu, and Huo 2007). This compromise
produces an average offset estimate of 35 percent for
Canadian corn ethanol, considerably higher than the
average GHG offset value of 18 percent for US corn
ethanol (Farrell et al. 2006). In our analysis of overall
Canadian GHG emissions, we ignore the effects of
imported US corn ethanol and wheat-based ethanol
production. Currently 75 percent of Canadian
ethanol production comes from the use of corn in
eastern Canadian plants, while western plants
operate on both corn and wheat, depending on grain
commodity prices.3 In the case of biodiesel, we use
an average of the GHGenius 3.14 model, the US
GREET model, and a European model to derive
carbon offset values for soybean and canola biodiesel
of 66 percent and 77 percent, respectively.4 Finally,
for all fuels, we use the “lower heating value,” which
is a measure of energy that excludes the energy
released by water vapour (as opposed to the “higher
heating value,” which includes the energy capture
from water vapour).5 We obtain life-cycle GHG
emissions for wind, solar, and biomass power, as well
as biomass pellets for thermal energy, from the
sources noted in Appendix Table A-1. 

GHG emissions from current nonrenewable
power, transportation fuels and thermal energy vary
by the type of energy (see Figure 1). Electrical power

3 Corn feedstock is often used in wheat-based ethanol facilities in Western Canada (Vannahme 2008). However, as of January 2009, wheat is the
primary feedstock in ethanol plants in Western Canada. 

4 There is considerable inconsistency in the estimations of GHG balances among studies. The only recent peer-reviewed Canadian study of which
we are aware estimates a range in the ratio of energy output to input of 2.1 to 2.4 for both soybean and canola biodiesel production (Smith,
Janzen, and Newlands 2007). Unfortunately, however, the authors present no associated GHG offsets.

5 The exception is natural gas, for which we use an average of the lower heating value and the higher heating value, as the fuel is widely used in
condensing boilers, which recover some of the additional heat dissipated in water vapour.
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Figure 1: Life-Cycle GHG Emissions of Fossil Fuels by Sector, Canada

Note: We assume 48 percent domestic production and 52 percent international sources for heating oil.
Source: See Appendix Table A-1.
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Figure 2: Life-Cycle GHG Emissions from Alternative Renewable Energy Sources

Note: Biomass life-cycle GHG emissions are an average of emissions from wood and grass pellets.
Source: See Appendix Table A-1.
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6 These estimates differ slightly from those in GHGenius 3.14, which reports that corn ethanol emits 54.5 kg of CO2e per GJ and soybean
biodiesel 19 kg of CO2e per GJ. Again, we use a basket of estimates to take account of the wide range of estimates of the energy balance and
GHG intensity of biodiesel reported in the most recent studies. See Appendix Table A-1 for details.

generation has the highest GHG profile if the power
comes exclusively from coal (300.0 kg of CO2e per
gigajoule, GJ) or from natural gas (118.1 kg of CO2e
per GJ). Gasoline and diesel emit 93.4 and 96.6 kg of
CO2e per GJ of energy produced, respectively. This
takes into account all stages of the fuel-production
process. Home and industrial heating emit fewer
tonnes of CO2e per GJ of heating energy than trans-
portation fuels or fossil fuel electricity. Natural gas is
the lowest emitting fossil energy source that can be
used for thermal energy applications, releasing 61.6
kg of CO2e per GJ of energy consumed.

Among biofuels, liquid biofuel technologies
produce the highest GHG emission profiles, ranging
from 60.9 kg of CO2e per GJ in the case of corn-
based ethanol to 22.0 kg of CO2e per GJ for canola
biodiesel.6 Biogas produced from manure, when
used in electricity generation, emits 39.44 kg of
CO2e per GJ of energy. Other renewable energy
sources, such as solar or wind power, that produce

no emissions during the electricity production phase
still produce emissions during the manufacture of
the equipment, estimated at 27.78 kg of CO2e per
GJ for solar power and 5.56 kg of CO2e per GJ for
wind power (Gagnon, Bélanger, and Yohji 2002;
Banerjee et al. 2006). As Figure 2 shows, renewable
heating applications, along with wind power,
produce the lowest GHG emission profiles.

For all programs analyzed in this study, we
determine the cost of the GHG offset by dividing
the incentive provided (cents per litre, dollars per
kilowatt hour, and so on) by the actual savings of
CO2e when a renewable fuel is substituted for a
nonrenewable option (such as a fossil fuel), and we
include life-cycle emissions produced during the
renewable fuel’s production. Obviously, the higher
the GHG emissions required to produce a renewable
fuel, the lower its potential offset. Canola  and
soybean biodiesel are estimated to reduce emissions
by 77 percent and 62 percent, respectively, when
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Figure 3: Offset Efficiency of Alternative Renewable Energy Options

Note: Manure biogas does not include landscape emission reductions; biomass is an average of wood and straw pellets.
Source: Authors’ calculations from Appendix Table A-1.
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replacing regular diesel fuel. Corn ethanol is
estimated to reduce emissions by as much as 35
percent when it replaces gasoline (see Figure 3).
Renewable electrical power reduces emissions by as
much as 98 percent when wind power replaces coal
power plants, while renewable heat strategies using
biomass pellets and solar water- or air-heating appli-
cations reduce GHGs by 86 percent and 91 percent,
respectively, relative to natural gas and heating oil.

Wind, biomass, solar power, and solar renewable
heat are among the most technologically efficient
technologies for reducing GHG emissions – on
average, when substituted for fossil fuels, they offset
more than 80 percent of the GHG emissions 
(Figure 3).

Federal Energy Programs

Canada’s federal renewable fuel strategy has four
components: increasing the retail availability of

renewable fuels through regulation, supporting the
expansion of Canadian production, assisting farmers
to produce renewable feedstock, and accelerating the
commercialization of new technologies. The
principal policy behind these strategies is the use of
incentive programs that apply to various stages of
renewable energy production and consumption.
Currently, these incentives take four main forms: leg-
islative mandates, research and development
contributions, producer incentives, and consumer
incentives. Producer and consumer incentives make
up most of the $4.5 billion in incentives the federal
government announced in its ecoACTION program
in 2006 (Table 1). The program has five main areas
of focus: liquid biofuels, renewable power, renewable
heat, energy retrofit, and energy technology ini-
tiatives. Greenhouse gas mitigation is clearly the
primary focus of these incentive programs, but other
factors, such as domestic energy security, reduction

Table 1: Federal Renewable Energy and Environmental Programs and Funding

Source: Canada 2008a.

Program Description Total Program Cost

ecoAGRICULTURE Biofuels Capital Initiative Liquid biofuels production incentive. $200 million in loans

ecoENERGY for Biofuels Liquid biofuels production incentive. $1.5 billion

NextGen Biofuels Fund Liquid biofuels technology grant. $500 million

Agricultural Bioproducts Innovation Program Liquid biofuels and forms of bioenergy 
technology grant.

$145 million

ecoENERGY for Renewable Power Wind, hydro, biomass energy, solar 
production incentive.

$1.48 billion

ecoENERGY for Renewable Heat Solar air heating consumer incentive $36 million 
Solar water heating consumer incentive.

ecoENERGY Technology Initiative Carbon capture and storage technology grant. $125 million

Reduce impacts of oil sands technology grant. $15 million

ecoENERGY Retrofit Building energy saving consumer incentive. $520 million 



of other pollutants, and rural development have been
cited as ancillary justifications for these subsidies. We
focus on the primary objective of these subsidies, but
we acknowledge these other, unquantifiable benefits.

Liquid Biofuels 

Legislation enabling the federal government to
mandate up to 5 percent renewable gasoline fuel
content by 2010 and 2 percent renewable diesel
content in transportation fuel and heating oil by
2012 was passed on July 15, 2008. These regulations
are still under development, but are expected to
require the use of approximately 2 billion litres of
ethanol and 500 million litres of biodiesel by 2012.
The federal government, through its ecoENERGY
for Biofuels program, will provide $1 billion worth
of production subsidies to the ethanol industry and
$500 million to the biodiesel industry over nine
years beginning in April 2008. The funds are
targeted at producers of liquid biofuels for trans-
portation to encourage domestic producers to 
meet the mandated demand. In addition to the
producer incentives, capital assistance for ethanol
production facilities is administered through the
ecoAGRICULTURE Biofuels Capital Initiative
(ecoABC), which provides $200 million in support,
with individual loans of up to $25 million to ethanol
facilities with at least 5 percent equity from farmers.
Ottawa has slotted another $500 million for nonfood-
based cellulosic ethanol production research. Liquid
biofuels will also receive part of $145 million worth of
research grants over seven years. In all, federal incentive
programs directed at liquid biofuels are worth around
$2.3 billion, or more than half of all renewable energy
program funds. 

The ecoENERGY for Biofuels program provides
for producer incentive rates of up to 10 cents per
litre for gasoline alternatives and 20 cents per litre for
diesel alternatives during the first three years of the
program, declining thereafter to 4 cents per litre for
ethanol and 6 cents per litre for biodiesel by 2016.

Given current market conditions, with highly visible
bankruptcies in the US ethanol sector, we assume
Canadian producers will receive the upper limit
in producer incentives (Parker 2009).7 Capital
incentive rates under the ecoABC program for
ethanol and biodiesel were estimated at 0.9 cent 
per litre based on the analysis by Fox and Shwedel
(2007), which calculates the opportunity cost 
of the foregone interest on generously termed loans. 
The producer and capital incentives combine for 
a total incentive of up to 10.9 cents per litre for
ethanol and 20.9 cents per litre for biodiesel.8

Renewable Electrical Power

About one-quarter of all the energy Canadians use is
in the form of electricity. The federal government is
encouraging the production of 14.3 terawatt hours
of new, clean electricity, or 2.5 percent of Canada’s
total power use in 2006 (Statistics Canada 2008).
Ottawa has committed $1.4 billion to the
ecoENERGY for Renewable Power policy program
to fund renewable power projects in areas such as
wind, biomass, low-impact hydro, geothermal, solar
photovoltaic, and ocean energy that are constructed
in the next four years and that produce more than 1
megawatt of electricity. These projects are eligible for
an incentive of 1 cent per kilowatt hour (kWh) for
up to 10 years. Most farm-based manure biogas
projects are too small to be eligible for the incentive. 

Renewable Residential and Industrial Heating

Federal programs to support renewable heat are
currently limited even though heat-related energy
applications – such as residential and commercial
space and hot water heating and thermal energy for
industrial processes – account for the largest pro-
portion of demand for fossil fuel energy in Canada,
as in other industrialized countries, and, therefore,
represent a very large opportunity for the mitigation
of GHG emissions. So far, only $36 million in
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C.D. Howe Institute

7 The federal incentive rate is a function of estimated ethanol industry profitability, which, in turn, is largely a function of ethanol and gasoline
market prices. For July through September 2008, a period of high gasoline and ethanol prices, the credit was 7.8 cents per litre; between July
2008 and January 2009, ethanol prices on the Chicago Mercantile Exchange fell by nearly half (see Natural Resources Canada 2008b).

8 These estimates do not include programs such as the NextGen Biofuels Fund, the Agricultural Bioproducts Innovation Program, or the
Biofuels Opportunities for Producers Initiative, which has been discontinued.
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federal funding is designated for capital cost
incentives for renewable heat in the industrial, com-
mercial, and institutional sectors through the
ecoENERGY for Renewable Heat program.9

This support is directed toward the installation of
solar space and water heating and to help establish
geothermal technologies in the marketplace. Typical
applications for solar air heating include farms, recre-
ational complexes, schools, and warehouses, as well as
water heating technologies often used by dairy farms,
hotels and motels, laundromats, and outdoor pools.
For the purposes of the ecoENERGY for Renewable
Heat program, solar heating technologies are broken
down into glazed (glass or plastic cover) and unglazed
(no cover). Capital costs for glazed technologies are
significantly more expensive than those for unglazed
and are reflected by the 25 percent capital cost
incentive for the former versus 15 percent for the
latter. Based on current capital costs for solar air
heating, the average federal subsidy is 1 cent per kWh
for unglazed and 7 cents per kWh for glazed systems.
For solar water heating, the subsidy is 3 cents per
kWh and 6 cents per kWh for unglazed and glazed
systems, respectively. The solar heating incentives are
provided as a capital cost offset – that is, a one-time
payment. In order to reflect the actual cost-competi-
tiveness of the grant in terms of dollars per tonne of
CO2e offset, the value of the capital grant has been
estimated on an annual basis over 20 years using an
interest rate of 6 percent.

Energy Retrofit and Technology Initiatives

The ecoENERGY Retrofit program provides $520
million in grants to homeowners as well as financial
incentives to small and medium-sized businesses,
industry, and public institutions to help them invest in
energy- and pollution-saving upgrades.10 Commercial
and institutional entities can receive up to $10.00 per
GJ of estimated energy savings, 25 percent of eligible
project costs, or $50,000 per project, while corpo-
rations are entitled to a maximum of $250,000. The
allocation of monies through this program is highly
variable, as there is a wide array of retrofitting appli-

cations, from the purchase and installation of compact
fluorescent lighting to the installation of geothermal
ground pumps.

The ecoENERGY Technology Initiative provides
$125 million to advance carbon capture and storage
technologies to aid in reducing GHG emissions
from the oil sands and from coal-fired electricity
plants, as well as a $15 million fund to further the
development of applications to reduce the envi-
ronmental effects of oil sands production. 

Assessing the Federal Programs 

The federal incentives applied to liquid biofuels –
including producer and capital incentives for plant con-
struction costs – equate to a GHG emission mitigation
cost of $160/tonne for corn ethanol, $98/tonne for
soybean biodiesel, and $79/tonne for canola biodiesel.
Ethanol reflects a higher mitigation cost due to its lower
GHG offset efficiency (35 percent) and lower energy
content per litre (21.2 megajoules, MJ, per litre)
compared with biodiesel (about 70 percent and 35.4
MJ per litre, respectively) – see Appendix Table A-2. 

Electrical power generation mixes and GHG
intensity vary regionally across the country.
Hydroelectric power dominates in Quebec, British
Columbia, Manitoba and Newfoundland and
Labrador, while coal and natural gas are predominant
in Alberta and Saskatchewan. In Ontario and Atlantic
Canada, generation sources are fairly diverse, with
nuclear power providing the greatest percentage of
supply in Ontario. In this analysis, we compare the
cost effectiveness of renewable electrical power alter-
natives primarily to coal, which is the main fossil fuel
targeted for replacement for power generation.
Although renewable sources might be used to offset
electricity produced by low-GHG sources, they
receive the highest market price and are the most
effective at reducing GHGs when they are used to
provide electricity during peak-load periods, and 
when the power sources they offset are most likely to
be coal or natural gas, even in provinces with a large
amount of nuclear or hydroelectric power.

9 The basis of incentive payments we use in this analysis has changed since September 2008, but this change is unlikely to affect our general
conclusions about the cost effectiveness of renewable heat programs.

10 An additional $300 million was awarded in the 2009 federal budget on top of the original $220 million.
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Figure 4: Value of the Federal Subsidy to Offset 1 Tonne of CO2e with Renewable 
Electrical Power Alternatives

Source: See Appendix Table A-1.
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As Figure 4 shows, federal incentives related to
the ecoENERGY for Renewable Power program cost
taxpayers about $10 per tonne of CO2e abated when
biomass, solar, and wind technologies are used to
replace coal, and about $30 per tonne when used to
replace natural-gas-fired power plants. Wind and
biomass technologies are slightly more cost effective
than solar or biogas due to their high offset efficiency
of more than 90 percent.

Solar water and air heating are most typically 
used to replace natural gas heating. Incentives for
unglazed solar air- and hot-water-heating appli-
cations provide the most inexpensive offsets, which
we estimate to be between $4.08 and $12.55 per
tonne of CO2e, while glazed solar air- and hot-
water-heating options provide between $23.15 and
$26.38 per tonne of CO2e (see Figure 5 and
Appendix Table A-2).

Finally, we estimate the cost to taxpayers of the
incentive given to industrial and commercial users to
install energy- and pollution-saving upgrades to be
$173.70 per tonne of CO2e if the main energy saved
in retrofitting is natural gas used for space heating.11

Assuming this investment is financed over 20 years, the
CO2 mitigation cost is $14.84 per tonne of CO2e. A
general energy efficiency grant will have a wide range of
effectiveness in reducing GHGs given the wide variety
of energy types eligible for these grants.

Thus, energy efficiency grants, though capital
intensive, appear to be a cost-effective means to
mitigate GHG emissions. A potential negative aspect
of energy retrofitting is that grants might go to firms
that were going to retrofit anyway, to take advantage
of the substantial energy cost savings from reducing
long-term energy consumption. In such cases,
taxpayer subsidies would have little marginal impact
on overall emissions. Another potential drawback is
that increases in energy efficiency are often met with
an increase in energy use, which negates much of the
savings from grants (Jaccard and Rivers 2007).

Even with these potential drawbacks, however,
energy retrofits appear to be a leading low-cost way
to offer incentives to save energy and cut GHG
emissions. Indeed, among current federal renewable
energy incentives, renewable power, heat and energy
retrofits are the least expensive programs to reduce
GHG emissions, ranging between roughly $4 and
$30 per tonne of CO2e abated. In contrast, the most
expensive program is that for ethanol, which costs
Canadian taxpayers $160 per tonne of CO2e abated.
A litre of ethanol contains one-third less energy than a
litre of gasoline, yet federal and provincial fuel taxes
are applied on a litre basis, leaving consumers to pay
more fuel taxes per unit of energy. This reduces the net
fiscal balance of renewable fuel mandates to the gov-
ernment but taxpayers still bear the costs of the
incentive program. 

Provincial Energy Programs

Liquid Biofuels

Incentive programs to support liquid biofuel
development have also been introduced at the
provincial level of government, primarily in the main
field-crop-producing provinces (see Table 2). Producer
incentive credits range between 8 cents and 20 cents
per litre in Ontario, Alberta, and Manitoba, while
Saskatchewan and British Columbia provide tax
exemptions of 15 and 14.5 cents per litre for ethanol,
respectively.12 These incentives are based on the pro-
duction capacity of the plant. In Ontario, the
incentive is a grant; in Saskatchewan, it is a repayable
loan requiring payback beginning three years after the
plant goes into operation and based on the plant’s
profitability. Ontario ethanol producers receive a
capital incentive estimated to be 1.3 cents per litre of
production, while those in Saskatchewan receive a
capital incentive of approximately 0.9 cents per litre.13

Quebec’s only ethanol plant receives a producer
incentive of up to 19 cents per litre, applicable when
the price of oil drops below $65 per barrel.

11 Here, we base our calculation on the retrofit grant that is the lowest of (i) $10.00 per GJ of estimated energy savings, (ii) 25 percent of eligible
project costs, or (iii) $50,000 per project. We do not analyze the residential retrofit program.

12 The Ontario grant varies with the market prices of ethanol, crude oil, and corn. 

13 Ontario’s capital incentive of 1.3 cents per litre is derived from the assumed economic value of the Ontario ethanol growth fund capital
assistance program of 10 cents per litre for plant construction annually over 10 years at an interest rate of 6 per cent. Saskatchewan’s 0.9 cents
per litre is based on Fox and Shwedel 2007.
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Figure 6: Value of Federal and Provincial Subsidies to Offset 1 Tonne of CO2e with Ethanol and 
Biodiesel, 2008

Source: See Appendix Tables A-1 and A-4.

Producer Incentive Capital Incentive Tax Exemption Total Incentive
Province Ethanol Biodiesel Ethanol Biodiesel Ethanol Biodiesel Ethanol Biodiesel

(cents per litre)

British Columbia 14.5 15 14.5 15
Alberta 9-14 9-14 9-14 9-14
Saskatchewan 0.9 0.9 15 16 1
Manitoba 10-20 16 10-20 16
Ontario about 8 1.3 14.3 about 9 14.3
Quebec 19 16 19 16 
Nova Scotia 15 15

Table 2: Ethanol and Biodiesel Incentives, by Province

Notes: Incentive rates as of September 2008; Saskatchewan capital incentive is considered a repayable loan.
Sources: Various provincial biofuel program documents; Samson et al. 2008a.
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In the case of biodiesel, overall subsidies by the
provinces per unit of energy produced are generally
lower than for ethanol, although Alberta applies the
same liquid biofuel incentive, ranging between 9
cents and 14 cents per litre, to both. British
Columbia, Manitoba, Quebec, and Nova Scotia
offer biodiesel fuel tax exemptions ranging between
14 cents and 16 cents per litre. 

The prairie provinces offer subsidies for ethanol
that cost between $131 and $292 per tonne of CO2e
mitigated; when combined with federal subsidies,
taxpayers in those provinces are paying between $328
and $380 to mitigate one tonne of CO2e using
ethanol. In Ontario, corn ethanol incentives cost
$136 per tonne of CO2e abated (Figure 6), while in
Quebec they cost $271; adding federal subsidies,
taxpayers pay $295 per tonne of CO2e abated in
Ontario and $430 in Quebec (see Auld 2008 for
further details on ethanol).

Provincial biodiesel incentives mitigate GHG at a
lower cost than ethanol, with western provinces
providing subsidies that range between $34 and $58 to
mitigate one tonne of CO2e using canola biodiesel.
Ontario and some other provinces do not provide
producer incentives for biodiesel, instead providing tax
exemptions. In those provinces that offer biodiesel
subsidies, combined federal and provincial subsidies
range between $122 and $175 of taxpayers’ money to
offset one tonne of GHG emissions. 

Renewable Electrical Power

The provinces have developed renewable energy
power mandates using two main approaches: energy
conservation and increasing renewable power
capacity (see Table 3). Saskatchewan and Manitoba
have aimed to conserve energy by decreasing elec-
tricity load, while New Brunswick, Prince Edward
Island, Nova Scotia, Alberta, and Ontario have
mandated increases in renewable power capacity.
Both Newfoundland and Labrador and British
Columbia have committed to meeting almost all of
their electricity needs through renewable sources. To
meet these goals, the provinces offer a range of pro-
duction subsidies for renewable energy that are
substantially higher than federal subsidies per tonne
of CO2 offset. For small energy producers, British

Columbia, Saskatchewan, Ontario, New Brunswick,
and Prince Edward Island offer net metering – a
method of crediting customers for electricity they
generate on site in excess of their own consumption
(Table 3). We are unable to estimate how much these
subsidies cost, however, as they are a function of
variable electricity costs.

Ontario and British Columbia offer subsidies
under “standard offer programs” to help meet their
renewable energy supply targets. The net amount of
any subsidy is the amount given to producers of
renewable energy minus the market price at which
the power is sold. Ontario provides 11 cents per
kWh for renewable biomass, biogas, water power,
and wind technologies, and 42 cents per kWh for
solar photovoltaic projects. The net subsidy of the
standard offer programs is the subsidy given to
renewable producers minus the market price at
which the power is sold. For Ontario, conventional
fuel producers receive market prices of approximately
6.5 cents per kWh, resulting in a 4.5 cent per kWh
incentive for renewable biomass, biogas, water and
wind technologies, and a 35.5 cent per kWh
incentive for solar photovoltaic projects. 

British Columbia’s program pricing is based
regionally, and offers rates of between 7 cents and 8
cents per kWh for small hydro, biomass, and biogas
producers, which represents a premium over con-
ventional electricity rates. Both provinces offer an
additional premium rate if the power is generated 
at peak-load times, and British Columbia also
supplies 11 cents per kWh to technologies that are
EcoLogo certified. Ontario provides a capital cost
incentive for biogas producers of up to 40 percent 
of the capital cost, to a maximum of $400,000 (see
Appendix for an explanation of how biogas
incentives are calculated).

Biomass and wind power generation offer GHG
emission mitigation at slightly more than $50 per
tonne of CO2e for offsetting electricity generation
from coal (Figure 7). In Ontario, solar power
incentives are approximately $363 per tonne. British
Columbia, which currently imports electricity
produced from coal-fired power plants in Alberta,
provides up to $71 per tonne of CO2e for biogas
and $87 per tonne for biomass electrical power that
offsets electricity production from coal, depending
on the premium over conventional electricity rates.
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Table 3: Renewable Energy Mandates and Subsidies, by Province and Territory, 2008

Province/Territory Renewable Energy 
Electricity Mandates

Renewable Energy
Equipment Rebates

Renewable Electricity
Initiatives

Renewable Heat Rebates

British Columbia – 90% of new generation
renewable.

– 100% net zero GHG
emissions by 2016.

– 7% PST exemption,
including solar.

– net metering for small
producers up to 50 kW.

– 7-8¢/kWh for small
renewables.

Alberta – 3.5% of total generation 
will be renewable by 2008.

– 20% from renewable or
alternate sources by 2020.

– electrical power from by-
products of bio-refining or
biomass processes receive
2¢/kWh for 3+ MW,
6¢/kWh for <3 MW.

Saskatchewan – decrease electricity load by
300 MW annually by 2017.

– 100% new generation net 
zero GHG emissions.

– 5% PST exemption. – net metering for small
producers up to 100 kW.

– one-time maximum
payment of 25% or
$100,000 for eligible costs.

– maximum of 50% combined
with federal programs for solar
water or air heating.

Manitoba – save 842 MW by 2017.
– 1,000 MW of wind power 

by 2014.

– 10% refundable credit
on new equipment
purchases.

– maximum $3,000 for
geothermal in new homes.

– low-interest loan up to $20,000
for installation of geothermal
heat pump (hydro).

Ontario – produce 15,700 MW from
renewable sources by 2015.

– 50% increase in renewable
capacity by 2025.

– 8% PST exemption 
on solar, wind, 
micro-hydro, and
geothermal.

– 11¢/kWh for renewable
biomass, waterpower, wind.

– 42¢/kWh for solar photo-
voltaic.

– net metering for small
producers up to 500 kW.

– up to 25% of eligible project
costs, to maximum $80,000
for solar thermal in com-
mercial/ industrial buildings
(hydro).

Quebec – wind as 10% of installed
capacity by 2015 (4,000
MW).

– 10% equivalent to all 
new hydroelectric power
developed.

– 35% refundable credit
for corporations that do
not develop mineral
resources or gas and oil
wells; 30% for other
corporations.

– maximum $2,800 for
geothermal in new homes,
$2,000 for conversion.

New Brunswick – 10% renewable by 2016. – net metering for small
energy producers up to 
100 kW.

Nova Scotia – 5% renewable generation by
2010; 18.5% by 2013.

– $5,500/MW based on 
total capacity.

– 15% rebate on installed solar
water, or $500; 15% rebate on
solar air equipment, up to
$20,000.

Prince Edward Island – 15% of electricity from
renewable sources by 2010;
possibly 100% by 2015,
depending on wind capability.

– 10% PST exemption. – net metering for small
energy producers up to 
100 kW.

– $1,000–$5,000 low-interest
loan for wood, solar,
geothermal, drain water heat
recovery.

Newfoundland – 98% of electricity to be
derived from renewable
sources by 2015, 50 MW of
wind power.

Northwest Territories – up to 50% or maximum. – rebate up to $1,000.

Yukon – $5,000, or $50,000 per
project for residential or
commercial buildings.

– rebate up to $500.

Note: Mandates and subsidies as of September 2008, not including liquid biofuels.
Sources: Various provincial and territorial documents; Bollinger and Roberts 2008; Pembina Institute 2008.
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Figure 7: Value of Federal and Provincial Subsidies to Offset 1 Tonne of CO2e with 

Renewable Power, Ontario

Source: See Appendix Tables A-1 and A-4.
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Figure 8: Evaluation of Different Methods of Producing GHG Offsets from Ontario Farmland Using Biofuels

Source : Samson et al. 2008b.



Renewable Heat 

Most provinces, as well as the Yukon and Northwest
Territories, provide renewable heating incentives
ranging from low-interest loans to capital cost incen-
tives (see Table 3). Saskatchewan and Ontario are the
only provinces to match federal solar water and air
heating funds, to a maximum of 50 percent of capital
costs. If those two provinces were to reduce their
incentives to match the percentages provided by the
federal government, they would pay approximately
$23 to $26 per tonne of CO2e mitigated by glazed
solar heating technologies that offset natural gas, and
$4 to $12 per tonne for unglazed technologies.
Combined, federal and provincial incentives in these
provinces top out at between $46.30 and $52.75 for
glazed and between $8.16 and $25.10 for unglazed
solar heating.

Currently, no provinces offer solid biofuel support
programs for thermal energy applications other than
power generation, but some provinces in eastern
Canada (including Quebec) provide capital cost
offsets for the installation of boilers. A recent report
suggests that proposed incentives of $2 to $4 per GJ
of biomass pellets would mitigate greenhouse gases
associated with coal displacement in thermal appli-
cations at a cost of $25 to $50 per tonne (Samson et
al. 2008a). These solid biofuels are derived from non-
food crops that are predominantly grown on lower-
quality farmland commonly not used to grow food
crops. A major advantage of solid biofuels is that, on a
per hectare basis, they are more efficient than liquid
biofuels in mitigating GHG emissions (Figure 8). 

Retrofitting and Technology Initiatives 

British Columbia, Saskatchewan, Manitoba,
Ontario, and Prince Edward Island provide retail tax
exemptions on the purchase of renewable energy
equipment. Saskatchewan and Ontario offer retro-
fitting grants to a maximum of $1,500 and $1,300,
respectively, in combination with federal subsidies.
New Brunswick offers a maximum of $50,000 for
retrofitting commercial and industrial buildings.
Saskatchewan supports energy efficiency through the
provision of a maximum of $2,500 for the purchase
or construction of energy-star-rated homes, while the

Northwest Territories and New Brunswick offer
rebates of up to $1,000 and $2,000, respectively, for
the purchase of energy-efficient equipment. 

Summary and Recommendations

Canada needs an effective policy framework for tech-
nologies that aim to achieve its goal of mitigating
GHG emissions. Thus far, however, Canadian gov-
ernments have relied on a combination of subsidies
and energy-use regulations that are poorly directed
and will not meet targets for GHG reduction
(Jaccard and Rivers 2007). Moreover, as Figure 9
shows, fiscal incentives are heavily slanted toward
developing liquid biofuels made from grain and
oilseed crops.

Accordingly, subsidies in the renewable energy
sector need to be reformed. Taxpayers could shoulder
incentives for emerging technologies, such as solar
electric, that have significant potential for further
cost reduction. But the spending of billions of dollars
on incentives for specific renewable energy tech-
nologies that result in high-cost GHG abatement is
incongruous with the federal government’s use of
results-based management to govern program
spending. A more cost-effective approach would be
to create policy instruments that lead to the adoption
of renewable energy technologies that abate CO2
emissions both effectively and at a low cost per tonne
of CO2 avoided. Instead, the least-efficient tech-
nologies are heavily subsidized, while the most
cost-effective technologies receive limited support.
Renewable electrical power and renewable heat are
the lowest-cost GHG abatement strategies available
for wide-scale implementation in Canada. As well,
energy retrofits are highly cost-effective incentive
programs for GHG mitigation, but might be offset
by increased energy usage. 

The best approach would be, in effect, to place a
bounty on CO2 and to pay between $30 and $50 per
tonne of CO2e mitigated for each renewable energy
technology. A technology-neutral GHG bounty could
encourage switching to the most cost-effective GHG-
reducing energy technology. This would require that
grant applicants demonstrate the GHG-reduction
capability of their project (based on such criteria as
their local source of electricity or emissions created

C.D. Howe Institute
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during the production and use of a renewable fuel),
with all projects receiving the same amount per tonne
of GHG that can be verifiably reduced. Since this
approach would be technology neutral, it would have
an effect similar to that of a carbon price, although it
would still be subject to many of the common problems
of subsidization, and would be inferior to a uniform
carbon price, where polluters must pay to emit.
Indeed, as Jaccard and Rivers (2007) show, a uniform
carbon price applied on all sources of emissions would
have a much larger impact than subsidies and regu-
lations alone on reducing overall emissions.

A carbon bounty for renewable fuels would be most
effective if it were to apply to sectors of the economy
that would be disproportionately harmed by CO2
taxes or exempted from a hypothetical carbon price,
such as a cap-and-trade system, which creates a private

incentive to reduce emissions just as the carbon bounty
does. If subsidies are a necessary component of the
political acceptability of GHG mitigation in Canada, 
it is evident that new policy instruments need to be
well thought through to ensure that they result in 
more cost-effective mitigation. 

Overall, it is clear from this analysis that the
approach of “picking winners” with taxpayers’
money is not the right way for governments to
encourage low-cost carbon offsets and to make
progress in meeting Canada’s carbon mitigation
commitments. Instead, governments should 
reduce the incentives to ineffective GHG mitigation 
technologies, and direct more resources toward
rewarding more cost-effective renewable energy 
technologies – particularly renewable heat and 
electricity. 

Independent • Reasoned • Relevant C.D. Howe Institute 

Commentary 282 | 15

natural gas gasoline diesel

$0 $50 $100 $150 $200 $250 $300 $350 $400 $450

Range of Federal and Provincial Governmental Subsidies ($)

Energy retrofit

Solar air heating

Solar water heating

Wind power

Biomass power

Biogas power

Canola biodiesel

Soybean biodiesel

Corn ethanol

Figure 9: Value of Combined Provincial and Federal Incentives per Tonne of CO2e Offset for Renewable
Energy Technology Options, Canada
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Fossil Fuels Renewable Alternative Fuels

Energy Type GHG Emissions Energy Type GHG Emissions Net Offset Offset Efficiency
(kg of CO2e per GJ) (kg of CO2e per GJ) (kg of CO2e per GJ) (percent)

Liquid Biofuels
Gasoline transport 93.41 Corn ethanol 54.5;1 67.252 32.53 35

Diesel transport 96.61 Soybean biodiesel 19.0;1 33.74;3 56.664 60.02 62
Canola biodiesel 12.8;1 31.15 74.65 77

Renewable Electrical Power
Coal 299.51 Wind power 5.566 293.94 98

Solar power 27.787 271.72 91
Renewable biomass

Wood pellets 23.288 276.22 92
Straw pellets 18.899 280.61 94

Biogas 39.4410 260.06 87

Natural gas 118.11 Wind power 5.56 112.54 95
Solar power 27.78 90.32 76 
Renewable biomass

Wood pellets 23.28 94.82 80
Straw pellets 18.89 99.21 84

Biogas 39.44 78.66 67

Renewable Residential/Industrial Heating
Natural gas 67.761 Solar heating 8.1511 53.45 87

Table A1: GHG Emission Offset Calculations for Renewable Alternative Energy Fuels

Note: For natural gas, an average of the higher and lower heating value is used since some natural gas heating appliances recover waste heat (58.0 and 65.2
kgCO2e/GJ), as well as a 90% combustion efficiency. Solar technologies were assumed to have a 100% combustion efficiency.

Sources: 1. Natural Resources Canada 2008a; 2. Wang, Wu, and Huo 2007; 3. MacLean 2008; 4. Hill et al. 2006; 5. Edwards  et al. 2008; 6. Gagnon, Bélanger,
and Yohji 2002; 7. Banerjee et al. 2006; 8. Jungmeier et al. 2000; 9. Nielsen 1996; 10. Ghafoori, Flynn, and Checkel 2006; 11. Masruroh, Li, and
Klemeš 2006.
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Cost to Offset
Renewable 1 Tonne of GHG

Fossil Fuels Alternative Fuels Net Offset Federal Incentive Cost Emissions

($ per tonne
(kg of CO2 e per GJ) (cents per unit) ($ per GJ) of CO2 e)

Liquid Biofuels

Gasoline transport Corn ethanol 32.53 10.9 per litre 5.19 159.58

Diesel transport Soybean biodiesel 60.02 20.9 per litre 5.90 98.22
Canola biodiesel 74.65 78.98

Renewable Electrical Power

Coal Wind power 293.94 1 per kWh 2.78 9.45
Solar power 271.72 1 per kWh 2.78 10.22
Renewable biomass

Wood pellets 276.22 1 per kWh 2.78 10.06
Straw pellets 280.61 1 per kWh 2.78 9.90

Biogas 260.06 1 per kWh 2.78 10.68

Natural gas Wind power 112.54 1 per kWh 2.78 24.68
Solar power 90.32 1 per kWh 2.78 29.57 
Renewable biomass

Wood pellets 94.82 1 per kWh 2.78 29.30
Straw pellets 99.21 1 per kWh 2.78 28.00

Biogas 78.66 1 per kWh 2.78 35.32

Renewable Residential/Industrial Heating

Natural gas Solar water heating
Glazed 59.61 5.8 per kWh 16.15 23.15
Unglazed 59.61 3.2 per kWh 8.75 12.55

Solar air heating
Glazed 59.61 6.6 per kWh 18.40 26.38
Unglazed 59.61 1 per kWh 2.85 4.08

Table A-2: Federal Incentive Calculations for Renewable Alternative Fuels

Note: For solar heating costs, in order to reflect the actual cost-competitiveness of the grant in terms of dollars per tonne of CO2 offset, the value of the 
capital grant is estimated on an annual basis over 20 years using an interest rate of 6 percent. It is also assumed that 1 GJ of solar heat replaces the
equivalent of 1.1GJ of natural gas due to combustion efficiency losses in producing delivered heat to the consumer. Calculations are for programs as 
of September 2008.

Source: Canada 2008a.

A

Manure Energy Efficiency Electrical Power Manure Required
Content of Digestion Energy Conversion for One Year Energy Production

(GJ per tonne) ( percent) (GJ per tonne) (kWh per tonne) (tonnes) (kWh per year) (GJ per year)

0.86 40 0.345 95.79 20,670 1,980,000 7,128

Table A-3: Biogas Emission Reduction Calculations for a 250 kWh Digester, Ontario

Source: Ho Lem et al. Forthcoming.

A
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Cost to Offset
Renewable 1 Tonne of GHG

Province Fossil Fuels Alternative Fuels Net Offset Provincial Incentive Cost Emissions

(kg of CO2 e ($ per tonne
per GJ) (cents per unit) ($ per GJ) of CO2 e)

Liquid Biofuels

British Columbia Gasoline transport Corn ethanol 32.53 14.5 per litre 6.90 212.28
Alberta 9-14 per litre 4.29 - 6.67 131.76 - 204.96
Saskatchewan 15 per litre 7.57 232.78
Manitoba 10-20 per litre 4.76 - 9.52 146.40 - 292.81
Ontario About 9 per litre 4.43 136.15
Quebec 19 per litre 8.81 270.99

British Columbia Diesel transport Canola biodiesel 60.02 15 per litre 4.20 56.29
Alberta 9-14 per litre 2.52 - 3.92 33.77 - 52.53
Manitoba 16 per litre 4.34 58.16
Ontario Soybean biodiesel 74.65 14.3 per litre 4.01 66.74
Quebec 16 per litre 4.60 76.68
Nova Scotia 15 per litre 4.40 73.31

Renewable Electrical Power

Ontario Coal Wind power 293.94 4.5 per kWh 12.50 42.53
Solar power 271.72 35.5 per kWh 98.61 362.91
Renewable biomass 44.90

Wood pellets 276.22 4.5 per kWh 12.50 45.25
Straw pellets 280.61 4.5 per kWh 12.50 44.55

Biogas 260.06 4.5 per kWh 50.66 50.66

Renewable Residential/Industrial Heating

Ontario and Alberta Natural gas Solar water heating
Glazed 59.61 5.8 per kWh 16.15 23.15
Unglazed 59.61 3.2 per kWh 8.75 12.55

Solar air heating
Glazed 59.61 6.6 per kWh 18.40 26.38
Unglazed 59.61 1 per kWh 2.85 4.08

Table A-4: Provincial Incentive Calculations for Renewable Alternative Fuels

Note: For renewable electrical power the incentive rate for wind, biomass and biogas is 11 cents per kWh and 42 cents per kWh in Ontario minus the market
price of electricity of 6.5 cents per kWh. Biogas in Ontario has an additional capital cost subsidy of $40,000 annually see (Table A-3). Calculations are for
programs as of September 2008.

Source: Various provincial documents, and OPA 2008.

A
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Methodology: Biogas Emission Reduction Calculation

In determining biogas emissions savings at the
provincial level (Table A-3), we assumed a test
case of a 250 kWh digester, which produces, on
average, 1.98 million kWh per year of energy.
Ontario offers a producer incentive of 4.5 cents
per kWh (11 cents per kWh minus 6.5 cents per
kWh, the current buy rate) or $89,100 per year
for a 250 kWh digester (1,980,000 kWh per
year times 5.3 cents per kWh). Ontario also sub-
sidizes up to 40 percent of the capital cost of the
biogas unit to a maximum of $400,000. The
average cost of a 250 kWh digester is in the
range of $1.3 million, and the grant is assumed
to replace the framer’s investment of $400,000
borrowed over 15 years at 6 percent interest,
generating payments of $40,000 per year. The
total annual subsidy for the biogas unit is
assumed to be $129, 100.

From Table A-1, we know that offsetting
electrical power from coal with biogas provides
savings of 260.06 kg of CO2e per GJ. Since a
250 kWh digester produces 7,128 GJ per yr, this
equates to savings of 1,853.7 tonnes of CO2e
per year. Offsetting electrical power from natural
gas with biogas, in contrast, provides savings of
78.66 kg of CO2e per GJ, or 560.7 tonnes of
CO2e per year. 

Storage of liquid manure leads to spontaneous
emissions of methane and ammonia, which can
be reduced when manure digestion and the col-
lection of the resulting biogas replace
conventional storage. Börjesson and Berglund
(2007) estimate savings of 1.6 kg of methane per
tonne from manure pig slurry when used for
biogas versus conventional storage. This equates
to 33.6 kg of CO2e per tonne of pig slurry, or
about 695 tonnes of CO2e saved in landscape
emissions each year with a 250 kWh biogas
digester.

Taking into account both the avoided
landscape emissions (695 tonnes) and the
emissions associated with offsetting coal (1,853.7
tonnes) results in savings of 2,548.7 tonnes of
CO2e a year. The replacement of electrical power
from natural gas with biogas produces net
savings of 1,255.7 tonnes of CO2e per year (695
+ 560.7). The total cost to offset electrical power
produced from coal with biogas is $50.65 per
tonne of CO2e ($129,100 divided by 2,548.7).
Offsetting natural gas electrical power generation
in Ontario costs an estimated $102.81 per tonne
of CO2e ($129,100 divided by 1,255.7).



| 20 Commentary 282

Auditor General of Canada. 2008. “Report of the Commissioner
of the Environment on Sustainable Development to the
House of Commons.” Office of the Auditor General of
Canada. December.

Auld, D. 2008. “The Ethanol Trap: Why Policies to Promote
Ethanol as a Fuel Need Rethinking.” C.D. Howe Institute
Commentary 268. Toronto: C.D. Howe Institute. 

Banerjee, S., L.J. Duckers, R. Blanchard, and B.K. Choudhury.
2006. “Life Cycle Analysis of Selected Solar and Wave
Energy Systems.” Paper presented to the National
Conference on Advances in Energy Research, Indian
Institute of Technology, Mumbai, December 4-5.

Bollinger, J., and K. Roberts. 2008. “Building on Our Strengths:
An Inventory of Current Federal, Provincial, and Territorial
Climate Change Policies.” Calgary: Canada West
Foundation. 

Börjesson, P., and M. Berglund. 2007. “Environmental Systems
Analysis of Biogas Systems, Part II: The Environmental
Impact of Replacing Various Reference Systems.” Biomass
and Bioenergy 31 (5): 326-44.

Canada. 2008a. “EcoAction.” Ottawa. Available at website:
http://www.ecoaction.gc.ca/index-eng.cfm.

–––. 2008b. “Regulatory Framework for Industrial Greenhouse
Gas Emissions.” Ottawa. Available from website:
http://www.ec.gc.ca/doc/virage-corner/2008-03/pdf/COM-
541_Framework.pdf.

Crutzen, P.J, A.R. Mosier, K.A. Smith, and W. Winiwarter. 2007.
“N2O Release from Agro-biofuel Production Negates Global
Warming Reduction by Replacing Fossil Fuels.” Atmospheric
Chemistry and Physics 7 (4): 11191-205.

Edwards, R., J-F. Larivé, V. Mahieu, and P. Rouveirolles. 2008.
“Well-to-Wheels Analysis of Future Automotive Fuels and
Powertrains in the European Context.” Ispra, Italy: Institute
for Environment and Sustainability.

Environment Canada. 2008. National Inventory Report:
Greenhouse Gas Sources and Sinks in Canada, 1990-2006.
Ottawa. Available from website:
http://www.ec.gc.ca/pdb/ghg/inventory_report/2006_report
/tdm-toc_eng.cfm.

Farrell, Alexander, Richard Plevin, Brian Turner, Andrew Jones,
Michael O’Hare, Daniel  Kammen. 2006. “Ethanol 
Can Contribute to Energy and Environmental Goals.”
Science 311.

Fox, G., and K. Shwedel. 2007. “North American Ethanol
Bioenergy Policies and their NAFTA Policy Implications.”
North American Agrifood Market Integration Consortium
(NAAMIC). June 13-15 Cancun, Mexico.
http://naamic.tamu.edu/cancun2/fox.pdf.

Gagnon, L., C. Bélanger, and U. Yohji. 2002. “Life-Cycle
Assessment of Electricity Generation Options: The Status of
Research in Year 2001.” Energy Policy 30 (14): 1267-78. 

Ghafoori, E., P.C. Flynn, and M.D. Checkel. 2006. “Global
Warming Impact of Electricity Generation from Beef Cattle
Manure: A Life Cycle Assessment Study.” International
Journal of Green Energy 3 (3): 257-70.

Hill. J., E. Nelson, D. Tilman, S. Polasky, and D. Tiffany. 2006.
“Environmental, Economic, and Energetic Costs and
Benefits of Biodiesel and Ethanol Biofuels.” Proceedings of the
National Academy of Sciences 103 (30): 11206-10.

Ho Lem, C., R. Samson, J. Dooper, S. Mulder, S. Bailey-Stamler,
and K. Clark. Forthcoming. Bioenergy Options in Canada:
An Interactive Resource Guide for Farmers. Ste-Anne-de-
Bellevue, QC: Resource Efficient Agricultural Production
(REAP)-Canada and the Canadian Farm Business
Management Council.

Jaccard, M., and N. Rivers. 2007. “Estimating the Effect of the
Canadian Government’s 2006-2007 Greenhouse Gas
Policies.” C.D. Howe Institute Working Paper. June.
Available from website: http://www.cdhowe.org/pdf/work-
ingpaper_5.pdf.

Jungmeier, G., L. Canella, R. Stiglbrunner, and J. Spitzer. 2000.
“LCA for Comparison of GHG Emissions of Bio Energy
and Fossil Energy Systems.” Report IEF/B/06-99. Graz,
Austria: Joanneum Research, Institut für Energieforschung. 

MacLean, H. 2008. “Lessons Learned from Life Cycle Assessment
of Transportation Fuels.” Presentation to the National
Conference on Low Carbon Fuel Standards for Canada,
Toronto, June 3-4. Available from website: http://www.pol-
lutionprobe.org/Happening/pdfs/lowcarbonfuelwkshp/macle
an.pdf.

Masruroh, N.A., B. Li, and J. Klemeš. 2006. “Life Cycle Analysis
of a Solar Thermal System with Thermochemical Storage
Process.” Renewable Energy 31 (4): 537-48.

Natural Resources Canada. 2008a. GHGenius version 3.14.
Available at website: http://www.ghgenius.ca.

–––. 2008b. Office of Energy Efficiency. “Incentive Rates.”
Ottawa. Available at website:
http://www.oee.nrcan.gc.ca/transportation/ecoenergy-
biofuels/incentive-rates.cfm?attr=16.

Nielsen, P.S. 1996. “Life Cycle Analysis of Selected Biomass and
Fossil Fuel Energy Systems in Denmark and Ghana – with a
Special Focus on Greenhouse Gas Emissions.” PhD thesis,
Department of Buildings and Energy. Technical University
of Denmark, Lyngby.

Ontario Power Authority (OPA). 2008. Ontario’s Renewable
Energy Standard Offer Program. 9 p. Available from website:
http://www.powerauthority.on.ca/sop/Storage/
78/7348_OPA_RESOPbro_Jul16.pdf.

Parker, M. 2009. “VeraSun suspends production at three dis-
tilleries.” Bloomberg, January 9. Available at website:
http://www.bloomberg.com/apps/
news?pid=20601087&sid=aDR8kBmRHVKs&refer=home.

References

C.D. Howe Institute



Commentary 282 | 21

Pembina Institute. 2008. “Renewable Energy Policy and
Programs.” Calgary. Available at website:
http://re.pembina.org/canada/policies.

Samson, R., S. Bailey Stamler, J. Dooper, S. Mulder, T. Ingram,
K. Clark, and C. Ho Lem. 2008a. “Analysing Ontario
Biofuel Options: Greenhouse Gas Mitigation Efficiency
and Costs.” Ste-Anne-de-Bellevue, QC: Resource Efficient
Agricultural Production (REAP)-Canada.

Samson, R., C. Ho Lem, S. Bailey Stamler, and J. Dooper.
2008b. “Developing Energy Crops for Thermal
Applications: Optimizing Fuel Quality, Energy Security
and GHG Mitigation.” In Biofuels, Solar and Wind as
Renewable Energy Systems: Benefits and Risks, edited by 
D. Pimentel. Berlin: Springer Science.

Searchinger, T., R. Heimlich, R.A. Houghton, Fengxia Dong, 
A. Elobeid, J. Fabiosa, S. Tokgoz, D. Hayes, and 
Tun-Hsinag Yu. 2008. “Use of U.S. Croplands for Biofuels
Increases Greenhouse Gases through Emissions from Land
Use Change.” Science 319 (5867): 1238-40.

Smith, E.G., H.H. Janzen, and N.K Newlands. 2007. “Energy
Balances of Biodiesel Production from Soybean and
Canola in Canada.” Canadian Journal of Plant Science 87
(4): 793-801. 

Statistics Canada. 2008. “Report on Energy Supply-Demand in
Canada.” Cat. 57-003-X. Ottawa. 

Vannahme, A. 2008. “Feed wheat priced out of ethanol
market.” Country Guide, March 10. Available at website:
http://www.country-guide.ca/East/issues/
ISArticle.asp?id=81268&PC=FBC&issue=03102008.

Wang, M., M. Wu, and H. Huo. 2007. “Life-Cycle Energy
and Greenhouse Gas Emission Impacts of Different 
Corn Ethanol Plant Types.” Environmental Research
Letters 2: 1-13.

C.D. Howe Institute Commentary© is a periodic analysis of, and commentary on, current public policy issues. Barry Norris and James Fleming
edited the manuscript; Heather Vilistus prepared it for publication. As with all Institute publications, the views expressed here are those of 
the author and do not necessarily reflect the opinions of the Institute’s members or Board of Directors. Quotation with appropriate credit is
permissible.

To order this publication please contact: Renouf Publishing Company Limited, 5369 Canotek Road, Ottawa, Ontario K1J 9J3; or the 
C.D. Howe Institute, 67 Yonge St., Suite 300, Toronto, Ontario M5E 1J8. The full text of this publication is also available on the Institute’s
website at www.cdhowe.org.

Independent • Reasoned • Relevant C.D. Howe Institute 



| 22 Commentary 282

NOTES



Commentary 282 | 23

NOTES



| 24 Commentary 282

NOTES



C.D. Howe Institute

Commentary 282 | 25

RECENT C.D. HOWE INSTITUTE PUBLICATIONS

SUPPORT THE INSTITUTE

For more information on supporting the C.D. Howe Institute’s vital policy work, through charitable giving or membership,
please go to www.cdhowe.org or call 416-865-1904. Learn more about the Institute’s activities and how to make a donation at
the same time. You will receive a tax receipt for your gift. 

A REPUTATION FOR INDEPENDENT, NONPARTISAN RESEARCH

The C.D. Howe Institute’s reputation for independent, reasoned and relevant public policy research of the highest quality is 
its chief asset, and underpins the credibility and effectiveness of its work. Independence and nonpartisanship are core Institute
values that inform its approach to research, guide the actions of its professional staff and limit the types of financial contri-
butions that the Institute will accept.

For our full Independence and Nonpartisanship Policy go to www.cdhowe.org.

February 2009 Renzetti, Steven. Wave of the Future: The Case for Smarter Water Policy. C.D. Howe Institute Commentary 281.

January 2009 Bataille, Chris, Benjamin Dachis, and Nic Rivers. Pricing Greenhouse Gas Emissions: The Impact on Canada’s
Competitiveness. C.D. Howe Institute Commentary 280.

January 2009 Laurin, Alexandre, Colin Busby, and Benjamin Dachis. “Out on a Limb: Assessing the Fiscal Sustainability and
Effectiveness of the 2009 Federal Budget.” C.D. Howe Institute e-brief.

January 2009 Parkin, Michael. What is the Ideal Monetary Policy Regime: Improving the Bank of Canada’s Inflation-Targeting
Program. C.D. Howe Institute Commentary 279.

January 2009 Robson, William B.P. “Boomer Bulge: Dealing with the Stress of Demographic Change on Government Budgets
in Canada.” C.D. Howe Institute e-brief.

January 2009 Robson, William B.P., Alexandre Laurin, and Finn Poschmann “Lasting Bang for the Stimulus Buck: Priorities
for the 2009 Federal Budget.” C.D. Howe Institute e-brief.

December 2008 Laidler, David, and Robin Banerjee. Unstable Foundations: Asset Markets, Inflation Targets, and Canada’s 2011
Policy Choices. C.D. Howe Institute Commentary 278.

December 2008 Dachis, Benjamin, Gilles Duranton, and Matthew A. Turner. Sand in the Gears: Evaluating the Effects of Toronto’s 
Land Transfer Tax. C.D. Howe Institute Commentary 277.

December 2008 Richards, John, Jennifer Hove, and Kemi Afolabi. Understanding the Aboriginal/Non-Aboriginal Gap in Student
Performance: Lessons From British Columbia. C.D. Howe Institute Commentary 276.

November 2008 Charlebois, Sylvain, and Richard Pedde. “A Bushel Half Full: Reforming the Canadian Wheat Board.”  
C.D. Howe Institute e-brief.

November 2008 Dodge, David A. “Central Banking at a Time of Crisis and Beyond: A Practitioner’s Perspective.”  
C.D. Howe Institute Benefactors Lecture.

November 2008 Laurin,  Alexandre, Finn Poschmann, and Robin Banerjee. “International Policy Responses to the Financial
Crisis: A Canadian Perspective.” C.D. Howe Institute e-brief.

November 2008 Pierlot, James. A Pension in Every Pot: Better Pensions for More Canadians. C.D. Howe Institute Commentary 275.

October 2008 Busby, Colin. “Fixing a Persistent Problem: Canada’s Regional Pockets of Unemployment.” 
C.D. Howe Institute e-brief.

October 2008 Richards, John. “Closing the Aboriginal/non-Aboriginal Education Gaps.” C.D. Howe Institute 
Backgrounder 116.

October 2008 Adler, Matthew. “Stumbling Forward on Trade: The Doha Round, Free Trade Agreements, and Canada.” 
C.D. Howe Institute e-brief.

October 2008 Card, David, Martin Dooley, and A. Abigail Payne. “School Choice and the Benefits of Competition: Evidence
from Ontario.” C.D. Howe Institute Backgrounder 115.

September 2008 Stapleton, John, and Richard Shillington. “No Strings Attached: How The Tax-Free Savings Account Can Help
Lower-Income Canadians Get Ahead.” C.D. Howe Institute e-brief.

September 2008 Alexandroff, Alan S., Gary Clyde Hufbauer, and Krista Lucenti. Still Amigos: A Fresh Canada–US Approach to
Reviving NAFTA. C.D. Howe Institute Commentary 273.



CC
..DD

..  HH
ooww

ee  IInnssttiittuuttee
67 Yonge Street
Toronto, O

ntario
M

5E
 1J8

C
anadian Publication M

ail Sales
Product A

greem
ent #40008848




