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H I G H L I G H T S

• Canada has approximately 9 m ha of marginal land suitable for biofuel crops.

• Production costs for biofuel crops on marginal land average 157 CAD $/ha.

• A biomass price of 68 CAD $/t would make the use of marginal land economical.

• Biofuel from marginal land could replace 28% of transportation gasoline in Canada.

• Biofuel from marginal land could reduce national GHG emissions by 29 m t CO2-eq/yr.
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A B S T R A C T

Growing energy crops such as perennial grasses and trees on marginal land offers the possibility of reducing the
competition with food crops for land resources. Identifying the productivity, economic feasibility and green-
house gas (GHG) emissions impact is the premise of our study on using marginal land for bioenergy production
in Canada. The area of marginal land available was identified by intersecting national maps of land suitability
and land cover. The costs and potential returns of growing energy crops on marginal land were then analyzed,
and the GHG emissions were evaluated using a GHG emissions model. The results indicated that approximately
9.48 million ha of potentially useable marginal land was available in Canada. The land cover of the available
marginal land consists of grassland (68.2%) and shrubland (31.8%). If the available marginal land was com-
pletely utilized, the biomass production would be 23.7 million tonnes of switchgrass or 51.2 million tonnes of
hybrid poplar. The production of biofuel from these biomass sources would be 5.69 and 11.26 billion L,
equivalent to 14.0% and 27.7% of the total transportation gasoline consumption in Canada in 2014, for
switchgrass and poplar, respectively. On the marginal land, the average production cost was estimated to be
approximately 68.2 CAD $/t (173.8 CAD $/ha) for switchgrass, and 26.2 CAD $/t (140.2 CAD $/ha) for coppiced
hybrid poplar. The production of biomass showed a positive net return on marginal land in Ontario (eastern
Canada), with a biomass price of 99 CAD $/t and 35 CAD $/t for switchgrass and coppiced hybrid poplar,
respectively. When the biomass price is less than 101 CAD $/t, growing switchgrass in the provinces of Alberta
and Saskatchewan, where 69% of Canada’s marginal land is located, was not considered economically attractive.
By replacing fossil fuel, the maximum potential switchgrass production on marginal land would reduce GHG
emissions by 29.49 million t CO2-eq/yr. However, when considering the economic aspect of production, the
potential reduction of 6.1 million tonnes CO2/yr from planting poplar is more viable. Further analysis of the
broader economic value of the current use of marginal land (primarily livestock grazing) and the impacts on
biodiversity, soil quality, and water resources is needed to completely assess the practicality of a widespread
increase in biomass production for bioenergy on Canada’s marginal land.
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1. Introduction

Biomass as a source of feedstock for renewable energy has the po-
tential to support a growing energy demand under restrictions on
burning fossil fuels due to concerns for climate change. Global biofuel
production has increased six times from 2000 (18.2 billion L) to 2015
(128.4 billion L) [1]. Currently, grain from food crops such as maize,
soybeans and wheat is being used as feedstock for bioenergy [2].
However, the use of food crops for bioenergy production has introduced
competition with food production for productive agricultural land, a
situation commonly termed as ‘food versus fuel’. The increased demand
for food crops for bioenergy production has raised social-economic
concerns and has been accused of leading to a rise in food prices. The
future demand for land devoted to bioenergy feedstock production has
been suggested as being as great as the land currently used for food
cultivation [3]. Under these scenarios, envisioning how food supply can
be maintained while satisfying the bioenergy production targets is
difficult.

As an alternative to prime land, marginal land is receiving attention
by the bioenergy industry as a base for feedstock production [4–6]. It is
considered as a potential solution to the land use competition between
food and fuel [7]. Compared with annual grain crops, energy crops such
as switchgrass and coppiced poplar require less cultivation and can
grow on wetter or shallower soils and steeper slopes, making use of
marginal land for bioenergy feedstock production feasible [8,9]. How-
ever, using marginal land for biomass production is still at the ex-
ploration stage. The main reasons currently hindering progress on
biomass production on marginal land are: (1) biomass productivity on
marginal land has not been well investigated; (2) production costs are
higher and yield is lower by definition on marginal land than on high
quality land; (3) the infrastructure required for biomass as a commer-
cial crop is not currently well developed in Canada, especially in more
remote areas, where marginal land is more plentiful; and (4) biomass
price is currently not sufficiently attractive to foster widespread pro-
duction of energy crops.

Many studies have focused on the use of marginal land for bioe-
nergy production [5,10–27], but most are investigating the availability
of land and its production potential for energy crops [5,10–19]. These
studies span from global and national scales to regional scales, and
Geographic Information System (GIS) software combined with land use
datasets and multi-factor analysis are usually used to identify the po-
tential marginal land area. For example, through a GIS assessment,
Saha and Eckelman (2015) estimated that there are 2660 ha of land
suitable for bioenergy crop production in Boston in the US [10].
However, the scales and levels of study on bioenergy crop production
vary across countries. Currently, there is no data available on the
amount or location of marginal land suitable for growing perennial
energy crops in Canada.

Economic and environmental impacts are the key issues for devel-
oping marginal land. The issue has not been studied extensively in the
past, but interest has been increasing in recent years [6,20–27].
Schweier and Becker (2013) analyzed the economy of typical short
rotation coppice (SRC) production on marginal land in Germany and

found that the government should increase a subsidy in order to extend
SRC plantation on marginal land [22]. Bosco et al. (2016) assessed the
environmental impact of giant reed on fertile and marginal lands in the
Mediterranean using life cycle assessment, and showed that the an-
nualized soil carbon sequestration was more than twofold the total
greenhouse gas emitted, equal to −5757 kg CO2-eq/ha [24]. However,
most of the studies on the economic and environmental impacts of
bioenergy production on marginal land are qualitative and often focus
on only a single aspect. More comprehensive and quantitative studies
are needed.

In Canada, the bioenergy industry is supported by many federal and
provincial funding programs and fuel content regulations to promote
bioenergy production have been instituted [28,29]. In 2016, there were
17 plants operating 1st-generation and 4 plants operating 2nd-genera-
tion (three are primarily demonstration) ethanol production, with a
combined total annual production of 1987 million L of ethanol [29]. To
reduce land competition between food and fuel, future bioenergy ex-
pansion will require large amounts of marginal land currently not in use
for biofuel feedstock production. A thorough cost-benefit analysis on
energy crop production is critical, but has been neglected in most stu-
dies [30–33]. Canada has a large area of marginal land that might be
suitable for energy crop cultivation. Developing a good understanding
of each of the components involved in energy crop production on Ca-
nada’s marginal land, including area, costs and benefits of production,
and the environmental impacts of the resultant land use change, is
urgently needed.

Canada has a large landmass with a wide range of soils and climates
providing an excellent test bed for integrating rigorous assessment of
area and productivity of marginal land into economic and environ-
mental analysis. The overall goal of this study was to gain new
knowledge and to reduce data gaps related to Canada’s energy crop
production potential. Specific objectives of the study were to (1) esti-
mate the area of marginal land suitable for energy crop production in
Canada, (2) determine the economic feasibility of using marginal land
for energy crop production, and (3) to estimate the effects of bioenergy
production on GHG emissions.

2. Methodology

2.1. Definition and identification of marginal land

2.1.1. Definition of marginal land in Canada
The Canada Land Inventory (CLI) soil capability for agriculture

system subdivides land into seven classes. Class 1 land has no limita-
tions to field crop production and Class 7 land has no capability for
agriculture [34]. Classes 1 to 3 are considered prime agricultural land,
whereas Classes 4 to 6 are marginal for arable agriculture and Class 7 is
non-agricultural. The CLI is somewhat outdated and limited because of
the following factors: (1) inadequate consideration of climate factors;
(2) omission of organic soils from the system; and (3) the subjectivity of
the rating process [34,35]. The Land Suitability Rating System (LSRS)
[36], developed by the Agronomic Interpretations Working Group in
1995, was designed to overcome the weaknesses of the CLI system. It

Table 1
Land classes defined in the Land Suitability Rating System [36].

Class Index points Limitations for specified cropa

1 80–100 No significant limitations
2 60–79 Slight limitations that might restrict the growth or require modified management practice
3 45–59 Moderate limitations that restrict the growth or require special management practices
4 30–44 Severe limitations that restrict the growth or require special management practices or both
5 20–29 Very severe limitations for sustained production. Annual cultivation using common cropping practices is not recommended
6 10–19 Extremely severe limitations for sustained production. Annual cultivation is not recommended even on an occasional basis
7 0–9 Not suitable for production

a In the LSRS, limitations are to the production of specific, annual field crops, and might not be applied directly to energy crops (perennial grasses or trees).
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