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1. Introduction

The viability of Canadian biofuel industries will depend on farm energy consumption rates
and the CO2 emissions from fossil fuel use for feedstock crops. The types of biofuels that are
under development in Canada include biodiesel, grain ethanol, cellulosic ethanol and bio‐
mass. Each of these fuels relies on a distinct class of feedstock crops and in each case the
most suitable crop is also dependent on geographic location. For example, the feedstock for
biodiesel is canola in Western Canada and soybeans in Eastern Canada (Dyer et al., 2010a).
For grain ethanol, the feedstock choices are corn in the east and wheat in the west (Klein and
LeRoy, 2007). Cellulosic ethanol is still under development in Canada.

Technological changes in ethanol manufacturing can bring about different intensities of land
use and require different land capabilities. Cellulosic ethanol and biomass can make use of
land not capable of growing grains, and can exploit part of the straw from annual field crops
(Dyer et al., 2011a). As a result, impacts on other land use activities with which feedstock
crops compete also depend on the particular feedstock involved in the interaction and the
capability of the land. Impacts on the overall sustainability of agriculture are minimal when
management practices fit the local environment (Vergé et al., 2011). Therefore, to under‐
stand the different comparative advantages and impacts among regions, each landscape re‐
quires its own assessment.

Two main principles must guide biofuel industries. The first is that they must produce more
energy than the fossil energy used for their production. The second is that they must dis‐
place more Greenhouse Gas (GHG) emissions than are released during their production
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(Dyer and Desjardins, 2009; Klein and LeRoy, 2007). Biofuels appeal to governments for the
potential to create economic opportunities in rural areas (Klein and LeRoy, 2007). Due to
transport costs, feedstock crops are best grown on land that is close to facilities for process‐
ing them into biofuel. Thus, it is important to have objective criteria for determining which
communities and regions are the most suitable locations for those processing plants. In addi‐
tion, sustainable feedstock production requires that local suitability be established (Dyer et
al., 2011a; Vergé et al., 2011). To date, a comprehensive farm energy analysis has not been
done at a local scale in Canada.

The main goal of this chapter was to determine the geographic distribution of farm energy
terms within each province of Canada. Due to their small sizes and limited role in Canadian
agriculture, the four Atlantic Provinces were treated as one combined province. A secon‐
dary goal of this chapter was to demonstrate how much the farm energy budget contributes
to the GHG emissions budget of the agricultural sector through fossil CO2 emissions at a
provincial scale. Using area based intensity, a simple demonstration was also provided of
how these data could provide a baseline comparison for the fossil CO2 emitted from grow‐
ing a grain ethanol feedstock compared to current types of farms. These goals were achieved
through the integration of existing models and databases, rather than by analysis of new da‐
ta collected specifically for this purpose.

2. Background

The feedstock for biofuels has raised several land use questions (GAO, 2009; Malcolm and
Aillery, 2009). These include: How much land will biofuel feedstock production require in
order for biofuels to make an appreciable contribution to energy supply? What agricultural
products would be displaced to accommodate this production? How will food supply be
threatened by feedstock production? How much will meat production and livestock indus‐
tries be displaced by feedstock? In large part, most of these general land use policy ques‐
tions have been addressed in Canada and elsewhere. However, there have been some
shortcomings of these analyses.

One of these gaps is the failure by many studies to account for carbon dioxide (CO2) emis‐
sions caused by fossil fuel use in the feedstock production, and in agriculture, generally.
One of the reasons for this gap is that under the United Nations Framework Convention on
Climate Change, emissions from fossil fuels used for agriculture are reported as part of the
energy sector, rather than under the agriculture sector. Although smaller in magnitude than
both the methane (CH4) and nitrous oxide (N2O) emissions reported for agriculture, farm
energy-related CO2 emissions are an important component of the sector’s GHG emissions
budget, largely because it is manageable (Dyer and Desjardins, 2009). For example, reduced
tillage practices which diminish fossil fuel CO2 emissions from farm machinery (Dyer and
Desjardins, 2003a), as well as conserving soil carbon, can be the difference in whether a par‐
ticular feedstock or its biofuel are energy-positive or a sink for GHGs.
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Without taking all forms of fossil energy use in agriculture into account, the GHG emis‐
sions budget for crop production is incomplete. In addition to farm field operations, the
fossil  fuel  CO2  emissions  include  agro-chemical  manufacturing,  equipment  manufactur‐
ing, fuels for grain drying or heating farm buildings, gasoline, and electricity for lighting
or  cooling  (Dyer  and  Desjardins,  2009).  However,  farm  field  operations  are  the  most
complex  term  and  have  the  greatest  degree  of  interaction  with  land  features  and  crop
choices. Fossil fuel consumption for farm field work has been computed using the Farm
Field  work  and  Fossil  Fuel  Energy  and  Emissions  (F4E2)  model  (Dyer  and  Desjardins,
2003b; 2005). Because of their dominant role in defining regional differences in fossil fuel
energy and CO2 emissions, farm field operations have already been assessed in more de‐
tail than other farm energy terms (Dyer et al., 2010b).

3. Methodology

3.1. Selecting the spatial scale

Since decision making in the biofuel industries is limited by spatial scale, assessing the most
appropriate scale was the first task undertaken in this analysis. Disaggregation of the Cana‐
dian farm energy budget to the provinces can exploit agricultural statistics available at two
spatial scales. The first scale is the Census Agricultural Regions (CAR) (Statistics Canada,
2007), while the second scale is at the Soil Landscapes of Canada (SLC) (AAFC, 2011). Due to
its association with agricultural census records, the geographic scale chosen for distributing
farm energy use in this chapter was the CAR system which divides Canada into 55 regions
(with each of the Atlantic Provinces treated as a single CAR). In spite of the soil and land
variables available for SLCs, some difficult assumptions are needed to disaggregate some
data to this scale. In addition to this uncertainty, the large number of spatial units in Canada
at the SLC scale (nearly 4,000 units having agriculture) made presentation on the basis of
SLCs impractical for this chapter.

The CARs are identified in this chapter by numbers that start from 1 in each province. In the
Atlantic Provinces, with each province treated as one CAR. Hence, CAR numbers 1, 2, 3, and
4 represent New Brunswick, Prince Edward Island, Nova Scotia and Newfoundland, respec‐
tively. With the agricultural regions of Canada being spread out largely east to west, it was
not practical to display the boundaries on a single page map. So, a website location, rather
than a printed map, was provided in this chapter. To view the CAR sizes and locations in
each province, visit: http://www.statcan.gc.ca/ca-ra2011/110006-eng.htm.

3.2. Farm energy budget

The six terms in the farm energy budget adopted for this analysis were those defined by
Dyer and Desjardins (2009). All of these terms reflect operational and/or financial decisions
made by farmers. For example, the energy costs of transporting products from farm gate to
market that are paid for by the processer or marketer, rather than the farmer, were excluded.
These terms involved several different types of fossil fuel. Based on the analytical methodol‐
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ogies required for spatial disaggregation, these six terms were separated into three groups.
The diesel fuel used in farm field work (Dyer and Desjardins, 2003b; 2005) and the coal re‐
quired to manufacture and supply farm machinery (Dyer and Desjardins, 2006a) were the
first group because they were both quantified with the F4E2 model.

The fossil energy to supply chemical fertilizers and pesticide sprays was determined from a
direct conversion of the weight of consumption of these chemicals (Dyer and Desjardins,
2007). Since nitrogen fertilizers are the most energy-intensive chemical inputs to manufac‐
ture, and have available sales records in Canada, this conversion was based on the natural
gas to manufacture just nitrogen fertilizer. The energy conversion rate of 71.3 GJ/t{N} de‐
rived from Nagy (2001) as an average for five census years from 1981 to 2001 was used in
this chapter. Although this conversion was for just nitrogen supply, it was indexed to in‐
clude other farm chemicals, mainly phosphate and potash fertilizers.

The third group includes electrical power, gasoline and heating fuels. All three terms in this
group had to be determined empirically since there was little basis for modeling these
terms. While to some extent diesel is increasingly being used for farm owned transport vehi‐
cles, in 1996 the F4E2 model accounted for all but a small percentage (Dyer and Desjardins,
2003b; 2005) of the farm-purchased diesel fuel for farm field work. Only one percent of this
diesel fuel was for household use in 1996 (Tremblay, 2000). This suggests that pick-up
trucks, the sort of vehicle that would be used for both light haul farm transport and family
business, were not typically diesel powered in 1996. Therefore, gasoline, rather than diesel,
was likely the main fuel used for farm owned transport vehicles in 1996, the baseline year
for the farm energy budget described by Dyer and Desjardins (2009). There was, therefore,
no justification for including any diesel fuel in the third group of energy terms. In keeping
with the conditions of the farm energy budget described above, any diesel fuel consumed by
commercial trucks used for hauling grain and livestock to market or processing were not
considered in this analysis.

Electrical power was a partial exception to the need for empirical determination because of a
semi-empirical index of the CO2 emissions from this term based on farm types (Dyer and
Desjardins, 2006b). This index demonstrated the correlation, at least for this energy term, be‐
tween energy consumption and farm types, particularly among livestock farms. Application
of this index for this analysis was unnecessary because in this case livestock populations are
only needed to distribute a known quantity of electrical energy among provinces and re‐
gions (CARs).

The most comprehensive source of farm energy use information in Canada is the 1996 Farm
Energy Use Survey (FEUS) of Canada (Tremblay, 2000). The FEUS provided commodity-
specific estimates for the three energy terms for which detailed modeling algorithms were
not available. Given this empirical source, for example, it did not matter whether all gaso‐
line was burned in farm owned transport vehicles or whether all such vehicles were pow‐
ered by gasoline. What mattered was that the FEUS provided an empirical quantity of
gasoline that had to be disaggregated regionally. The remaining term in the Canadian farm
energy budget was a combination of three fuels, including furnace-oil, liquid propane (LPG)
and natural gas, which was defined by Dyer and Desjardins (2009) as heating fuels.
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Figure 1. National consumption of three types of energy by five farm types identified in the 1996 Farm Energy Use
Survey (FEUS) of Canada.

Due to confidentiality constraints, the FEUS data were not directly available at the farm lev‐
el. The FEUS, however, did allow energy type data to be grouped by farm type, but only for
Canada as a whole. While energy types were also grouped by provinces in the FEUS, this
breakdown could not be linked to farm type uses. The FEUS also gave the consumption of
diesel fuel in Canadian agriculture which was used to verify the F4E2 model (Dyer and Des‐
jardins, 2003b). The quantities for the farm energy terms extracted from the FEUS, shown in
Figure 1, illustrate the range in energy quantities that had to be disaggregated for these
three energy types. These energy data were adjusted for the shares of these fuels that were
used in farm households instead of farm use. These household share adjustments were only
provided by fuel type, however, and not for farm type (Tremblay, 2000).

Although the purpose of the data in Figure 1 was not to compare farm types, these energy
quantities still reflect both the different sizes and energy intensities of these farming systems
in Canada. Grain and oilseed farms accounted for 35% of the consumption of these three en‐
ergy terms. The range of total live weights in Canada for beef, dairy, hogs and poultry of 5.7,
1.1, 0.8 and 0.2 Mt, respectively, during 2001 (Vergé et al., 2012) was wider than the range in
uses of these three energy types among the four livestock industries seen in Figure 1. Hence,
while beef production used the largest share of this energy of any of the livestock industries,
beef farms were the least intensive user on a live weight basis. Similarly, poultry, the small‐
est livestock industry and lowest user of these energy terms, was the most intensive user of
these three types of energy.

3.3. Land use

In defining the GHG emission budgets for each of the Canada’s four dominant types of live‐
stock production, dairy, beef, pork and poultry, Vergé et al. (2007; 2008; 2009 a,b) took into
consideration the land base on which the feed grains (including oilseed meal) and forage
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that support livestock are grown. Vergé et al. (2007) recognized that the carbon footprint for
each livestock industry must include the land base that supports the crops in the livestock
diet. Subsequently, the total area involved in Canadian livestock production was defined as
the Livestock Crop Complex (LCC). The LCC was based on an array of crops that defined
the diets of all four livestock types, including barley, grain corn, soybean meal, feed quality
wheat, oats, canola meal, dry peas, seeded pasture, alfalfa, grass hay and silage corn.

The Canadian Economic and Emissions Model for Agriculture (CEEMA) was developed to
estimate the spatial distribution and magnitude of GHG emissions generated by the agricul‐
ture sector (Kulshreshtha et al., 2000). Because the spatial unit of CEEMA was the CAR, this
model was well suited for the analysis described in this chapter. CEEMA is composed of re‐
cords of crop areas, yields, nitrogen fertilizer rates and related GHG emissions during 2001
for all field crops in each CAR. Almost 1,900 of these crop records were distributed over 55
CARs in CEEMA. While crop records identify the CAR in which they lie and define the
areas of all crops within each CAR, the actual locations of crops described in the respective
records within the CAR are not specified. Another limitation of the CEEMA was that these
crop records were generated from analysis of optimal economic land uses for 2001 (Horner
et al., 1992; Kulshreshtha et al., 2000), rather than from actual crop statistics.

The variables that determine differences among the CARs are related primarily to land use
differences and farm level decisions. These variables include the selections of crops, particu‐
larly those crops that feed livestock. The CEEMA crop records do not contain soil type data.
Livestock populations at the CAR scale were also not available for this analysis to preserve
the confidentiality of the farmers surveyed at that scale. The variables required for assessing
farm energy at the CAR scale will be discussed in more detail below.

Estimates of GHG emissions from Canada’s four main livestock industries were integrat‐
ed with the CEEMA. The area of each crop that was in the LCC from each CAR in each
province  was  determined  as  part  of  a  previous  application  of  CEEMA  (Dyer  et  al.,
2011b). That study disaggregated the LCC to each crop record describing crops in the di‐
et of Canada’s four main livestock types. Some feedstock-food-livestock interactions on a
national or provincial scale in Canada were analyzed in that study. It also used the CEE‐
MA database to separate Canadian farmland into land that supported livestock and land
available for other crops.  However,  Dyer et  al.  (2011b) did not separate these emissions
by livestock type. Farm energy consumption and fossil fuel CO2  emissions for farm field
work  have  been  disaggregated  at  a  provincial  scale  (Dyer  et  al.,  2010b).  But  no  other
farm energy terms have been disaggregated at  a  scale  that  allows the  full  farm energy
budget to be quantified in the CARs.

3.4. Farm energy and livestock distributions

For the three energy terms that can only be treated empirically, electric power, gasoline and
heating fuels, the FEUS provided the only link to farm types. Because of the availability of
provincial livestock population data from the Canadian agricultural census, this disaggrega‐
tion can be done directly at the provincial scale. Grain and oilseed production, which was
defined as a farm type in the FEUS, accounted for part of each of these three energy terms.
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Therefore, provincial summaries of areas in these crops were also involved in the disaggre‐
gation process.

These farm type links meant that disaggregation of these energy terms to the CAR scale
could be achieved through correlation with livestock populations and crop areas. The un‐
derlying assumption was that most farm animals are located near their feed sources. This
assumption was required because information on where in the provinces farm animals are
actually housed was not available for this analysis (Tremblay, 2000). This limitation only af‐
fected the three empirical energy terms, including electric power needs, heating fuels and
gasoline for farm transport. The farm field work and the two input supply terms can be
linked directly to the CARs through CEEMA, as well as to the provinces.

Provincial estimates had to be generated for all three energy terms taken directly from the
FEUS. To achieve this, the relative distribution of energy quantities across the provinces was
determined for each farm type identified in the FEUS. To quantify each livestock farming
system, the inter-provincial distribution was determined on the basis of the total weight of
all live animals in all age-gender categories in the livestock type. The provincial live weight
was calculated from the average live weight (W) of each age-gender category (k) of each
livestock type (a) and the number of head (H) in each age-gender category and livestock
type. The amount of energy from each energy term for each of the livestock systems from
the FEUS (EFEUS,a) was disaggregated to the provincial energy quantity (Eprov) by the respec‐
tive shares of live weight in each province (prov), as follows.

( ) ( )k Canada k
,a FEUS,a k,a k, ,a k,a k, ,aE = E  ×  W × H  /  W × Hprov prov provå å å (1)

The disaggregation of these energy terms for the farms that produce grains and oilseeds to
the provinces was similar to Equation 1. The difference was that live weights (W × H) were
replaced by the provincial crop areas in this farming system. The areas of each grain and
oilseed crop were summed over the crop records of grain or oilseed areas in the CEEMA da‐
tabase. The first sum was for the crop records in each CAR to determine CAR area totals.
The provincial totals for each type of grain or oilseed crop were then estimated from the
sum of all areas in that crop type over all CARs in each province. This summing process was
only applied to the actual grains and oilseeds crops. So rather than correlate the entire area
in these crops with the energy terms, differences between these area totals and the areas of
these annual crops in the LCC were used. Dyer et al. (2011b) defined these areas as the Non-
Livestock Residual areas (NLR). The provincial quantities for the three energy terms and the
five farm types shown in Figure 1 are given in Table 1.

A simpler computational sequence was used for the two energy terms derived from the
F4E2 model and the energy term for chemical inputs. This was possible because the data for
calculating these terms could be taken directly from the crop records of the CEEMA data‐
base. The main input variable from CEEMA for the F4E2 calculations was crop areas, where‐
as total chemical nitrogen applications were available in all CEEMA crop records for the
chemical input supply energy term. Because these two energy terms were calculated on each
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crop record, they could be summed directly from the CEEMA database. While the calcula‐
tions for grains and oilseeds used only the records for those crops designated as grains and
oilseeds, calculations for these three terms used all crop records associated with the LCC or
NLR. The F4E2 model took into account whether the crops were annual grains or perennial
forages, along with the yields of each crop (Dyer and Desjardins, 2005).Livestock Residual areas (NLR). The provincial quantities for the three energy terms and the five farm types shown in Figure 1 are 

given in Table 1. 

 

Table 1. The provincial 2001 energy quantities for the three energy terms and the farm types identified art a national scale in the FEUS1. 

1 1996 Farm energy use survey for Canada 

2 Grains and oil seed farms 

3 gasoline purchased by farm operators for farm-owned vehicles. 

4 includes fumace-oil, liquid propane (LPG) and natural gas 

A simpler computational sequence was used for the two energy terms derived from the F4E2 model and the energy term for 

chemical inputs. This was possible because the data for calculating these terms could be taken directly from the crop records of the 

CEEMA database. The main input variable from CEEMA for the F4E2 calculations was crop areas, whereas total chemical nitrogen 

applications were available in all CEEMA crop records for the chemical input supply energy term. Because these two energy terms 

were calculated on each crop record, they could be summed directly from the CEEMA database. While the calculations for grains 

and oilseeds used only the records for those crops designated as grains and oilseeds, calculations for these three terms used all crop 

records associated with the LCC or NLR. The F4E2 model took into account whether the crops were annual grains or perennial 

forages, along with the yields of each crop (Dyer and Desjardins, 2005).   

The analysis for this chapter did not disaggregate provincial livestock populations directly into the CARs. Instead, it was the LCC 

areas defined by these populations that were disaggregated at this scale. Like the NLR area summations, only crop records for 

those crops that were in each respective livestock diet were summed within the CARs, rather than the areas from all crop records in 

the CEEMA database. The basis for identifying these crop records was the set of provincial LCC calculations for each livestock type 

provided by Vergé et al. (2012).  

Since the FEUS data were collected in 1996 and the CEEMA data were derived from the 2001 agricultural census, the energy 

quantities in Figure 1 had to be indexed from 1996 to 2001. This was done by factoring the 1996 energy terms by the ratio of the 

respective size of each farm system from the 2001 census records to the size of the same farm system in the 1996 census records. 

Updating from 1996 to 2001 was done at the same time as the farm type energy quantities from the FEUS were disaggregated to the 

provinces, as shown in Table 1. The different farm types required different definitions of size. For the four livestock farm types, 

these provincial size ratios were of total livestock weights from the two years, whereas for grain and oilseed farm areas (NLR), 

these provincial ratios were of total crop production (planted areas times yields) from the two census years.  

3.5. Area allocation to each CAR 

Beef Dairy Hogs Poultry G&OS
2

British Columbia 0.15 0.25 0.02 0.14 0.00
Alberta 1.71 0.26 0.32 0.10 0.75

Saskatchewan 0.59 0.10 0.22 0.04 1.60
Manitoba 0.33 0.13 0.48 0.07 0.35
Ontario 0.27 1.28 0.58 0.40 0.06
Quebec 0.12 1.20 0.70 0.26 0.02
Atlantic 0.03 0.20 0.06 0.06 0.01
Canada 3.20 3.42 2.40 1.07 2.78

British Columbia 0.39 0.19 0.02 0.07 0.01
Alberta 4.43 0.20 0.23 0.05 2.33

Saskatchewan 1.52 0.08 0.15 0.02 4.95
Manitoba 0.85 0.10 0.34 0.03 1.08
Ontario 0.70 0.98 0.41 0.19 0.18
Quebec 0.32 0.92 0.49 0.12 0.05
Atlantic 0.09 0.15 0.04 0.03 0.02
Canada 8.30 2.63 1.68 0.51 8.61

British Columbia 0.22 0.11 0.02 0.40 0.01
Alberta 2.53 0.11 0.35 0.28 1.37

Saskatchewan 0.87 0.04 0.24 0.10 2.92
Manitoba 0.49 0.06 0.53 0.20 0.64
Ontario 0.40 0.54 0.64 1.12 0.10
Quebec 0.18 0.51 0.77 0.72 0.03
Atlantic 0.05 0.08 0.07 0.18 0.01
Canada 4.75 1.45 2.62 2.99 5.08

PJ
Electric power

Gasoline
3

Heating fuel
4

1

1 1996 Farm energy use survey for Canada

2 Grains and oil seed farms

3 gasoline purchased by farm operators for farm-owned vehicles.

4 includes fumace-oil, liquid propane (LPG) and natural gas

Table 1. The provincial 2001 energy quantities for the three energy terms and the farm types identified at a national
scale in the FEUS1.

The analysis for this chapter did not disaggregate provincial livestock populations direct‐
ly into the CARs. Instead, it  was the LCC areas defined by these populations that were
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disaggregated at  this  scale.  Like the NLR area summations,  only crop records for  those
crops that were in each respective livestock diet  were summed within the CARs, rather
than the  areas  from all  crop records  in  the  CEEMA database.  The  basis  for  identifying
these crop records was the set of provincial LCC calculations for each livestock type pro‐
vided by Vergé et al. (2012).

Since the FEUS data were collected in 1996 and the CEEMA data were derived from the 2001
agricultural census, the energy quantities in Figure 1 had to be indexed from 1996 to 2001.
This was done by factoring the 1996 energy terms by the ratio of the respective size of each
farm system from the 2001 census records to the size of the same farm system in the 1996
census records. Updating from 1996 to 2001 was done at the same time as the farm type en‐
ergy quantities from the FEUS were disaggregated to the provinces, as shown in Table 1.
The different farm types required different definitions of size. For the four livestock farm
types, these provincial size ratios were of total livestock weights from the two years, where‐
as for grain and oilseed farm areas (NLR), these provincial ratios were of total crop produc‐
tion (planted areas times yields) from the two census years.

3.5. Area allocation to each CAR

The allocation of LCC areas (A) to each CAR for each livestock type was determined by the
aggregate share of all feed crops in the provincial LCC in that CAR. Crop areas from the
crop records were converted to area totals in each CAR for each of the 12 LCC crops (listed
above) that were common to both the CEEMA database and to the four LCCs (Vergé et al.,
2012). The total LCC areas in the crop records (Dyer et al., 2011b) were integrated to the re‐
spective CARs for each livestock type. The allocation to livestock types was based on the
share of each of the four LCCs in each province, which were derived from the diet of each
livestock population (Vergé et al., 2012).

For ruminant livestock, the allocation of provincial energy quantities to the CARs required a
means of equating the dietary contribution of roughages with that of feed grains. For rumi‐
nants, 1.8 kg of roughages provide the same nutrient energy as 1 kg of feed grains (IFAS,
1998; Neel, 2012; Schoenian, 2011). Using this ratio, the forages in the respective LCC areas
were converted to the equivalent feed grains on the basis of crop production estimates de‐
rived from the 2001 census crop yields. This general relationship also applies to pulses and
oilseed meals, but ignores the protein contributions from those feeds. This relationship is al‐
tered slightly for corn silage which provides only 42% by weight of the nutrient value of
other roughages (Miller and Morrison, 1950). Rangeland was excluded because there were
no available data for farm energy consumption associated with this form of land use. Very
little energy would be consumed to manage rangeland because no fertilizer or chemical in‐
puts are used and, normally, there are no farm field operations.

In addition to the different nutritional values, the bulk yield differences between grains (g)
and roughages (r) also account for the importance of these two crop group areas in each
LCC. For each CAR the total LCC area (ACAR) was the result of the two areas (ACAR,g and
ACAR,r). Each area was weighted by the average total production weights for the crop group
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(F) within each provincial LCC and 1.8 (the nutritional value ratio for g and r). This weight‐
ed area total was calculated for each CAR as follows.

( ) ( )( ) ( )( )CAR CAR,g g CAR,r r g rA  = A × F  + A × F /1.8  / F + F /1.8 (2)

These LCC area calculations at the CAR level were integrated over each province as follows.

CAR
prov CARA   =  Aå (3)

Each energy term (E) from the FEUS for each province (Equation 1) was then disaggregated
from the province to the CAR level as follows.

( )CAR prov CAR provE = E × A  / A (4)

Dyer et al. (2011b) found that occasionally the amounts of some crops were too low to meet
the dietary needs of the provincial livestock populations. Because of these crop deficits, pro‐
duction from the surplus provinces had to be transported to the deficit provinces. Due to the
reduction of ACAR,r by 1/1.8 and the occasional accumulation of these provincial crop deficits
and surpluses, ACAR was an indexed area estimate which did not equal the actual total LCC
area for the CAR. Without reducing ACAR,r by 55%, Aprov would have the same difference with
the provincial LCC area total (prior to these deficit corrections) as each ACAR would have
with the CAR total of the LCC area. Thus, using the CAR to province area ratios of these
two weighted area estimates to disaggregate provincial energy terms does not result in any
unnecessary distortion of the CAR energy estimates compared to the CAR-province ratios of
uncorrected LCC areas.

The usefulness of disaggregating to the CAR scale depends on the sensitivity of the farm en‐
ergy terms to land use parameters. Since the goal of this chapter was to determine the spa‐
tial distribution of the farm energy budget, a sensitivity analysis based on purely
management-based range tests such as those described by Dyer and Desjardins (2003a)
would not adequately demonstrate the sensitivity of farm energy terms to the factors that
determine the spatial distribution of farm energy use at the CAR scale. This was because the
only available spatial parameter at the sub-provincial CAR scale was the array of crop areas
from CEEMA. Instead, the spatial sensitivity was equated to the variance of energy esti‐
mates across CARs in each province. Such sensitivity would reveal the impacts of local crop
choice decisions on the consumption of different energy types.
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4. Results and discussion

4.1. Farm energy budget at the CAR scale

The basic output from the analysis described in this chapter was the set of disaggregated
farm energy terms at the CAR scale. Due to the extent of these data, they are presented in
appendices, rather than as tabular results in the main body of the chapter. Some care is
needed in the numbering system in these appendices since the website maps for two provin‐
ces use a different CAR numbering system than was used in CEEMA. For Manitoba, CEE‐
MA CAR number 1 includes the online map numbers 1, 2 and 3; CEEMA number 2 includes
the online map numbers 4, 5 and 6; and CEEMA number 5 includes the online map numbers
9 and 10. For CEEMA numbers 3, 4 and 6, the online map numbers are 7, 8 and 11, respec‐
tively. The online map number 12 was not used in CEEMA. To be consistent with the online
CAR base map, the 10 CEEMA CARs for Ontario were combined into 5 CARs in the two
Appendices.

The data presented in Appendix A are preliminary to  the general  (non-commodity-spe‐
cific) farm energy budget in Appendix B. They resulted from the need to use farm types
to disaggregate the FEUS data. The data presented in Appendix B are the intended out‐
put  or  primary  goal  of  this  chapter.  These  data  represent  all  six  terms  in  the  energy
budget described by Dyer and Desjardins (2009). The data for the three energy terms ex‐
tracted from the FEUS in Appendix B were derived by integrating the data in Appendix
A over the five farm types. Although it is difficult to extract any trends from these data
arrays by inspection that could not otherwise be seen from provincial scale tables,  these
two appendices  make the data  at  the CAR scale  available  for  future regional  investiga‐
tions in farm energy use in Canada.

4.2. Provincial farm energy

Table 2 presents a re-integration of the spatially detailed data in Appendix B from the CAR
to provincial scale. Even given the limited spatial detail of this table, it still puts all terms of
the Canadian farm energy budget into one source, based on one integrated methodology.
Not surprisingly, given its large crop area, Saskatchewan was the biggest consumer of all
forms of farm energy in Canada. This was most evident in the farm machinery-related
terms, which likely reflects the extensive grains and oilseeds farming system in that prov‐
ince. The two coastal regions (British Columbia and the Atlantic Provinces), as well as Que‐
bec and Ontario, contribute much less to the farm energy budget than the three Prairie
Provinces, simply because of the much smaller areas in agricultural use. Although fertilizers
(and other farm chemicals) are the largest cause of energy consumption, the farm machi‐
nery-related terms combined are 9% higher, nationally, than the chemical inputs. The three
FEUS-based terms, to which so much attention was devoted in this chapter, account for only
20% of the national farm energy budget.
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Table 2. Provincial estimates of the six energy terms of the Canadian farm energy budget during 2001. 

1 Gasoline purchased by farm operators for farm-owned vehicles. 

2 Includes fumace-oil, liquid propane (LPG) and natural gas 

4.3. Assessing sensitivity through spatial variance 

The spatial variance assessments of the spatial data in this chapter are shown in Tables 3 and 4. The statistic used to compare 

spatial variance was the coefficient of variation (CV) of the CAR energy values within each province. Being the ratio of standard 

deviations to their respective means, the CVs give a normalized, and thus a comparable, measure of spatial variability. In order to 

avoid the CVs being affected by the sizes of the CARs, the data in the two appendices were converted to energy intensities using 

areas of arable land extracted from the CEEMA crop records (discussed in more detail below). To illustrate, if the disaggregated 

energy intensities are evenly dispersed across all CARs in the province, then the crop records in the CEEMA database would have 

no impact on the distribution of energy consumption. Evenly dispersed energy quantities across all CARs would also result in no 

variance among the CARs and a provincial CV of zero. 

Table 3 presents the CVs for the data presented in Appendix A, while Table 4 presents the CVs for Appendix B. In Table 3, only one 

set of CV estimates was needed for all three energy terms since there was no source of spatial variation associated with these 

energy terms prior to disaggregation to the CARs. For the pork, poultry and grains and oilseeds farm types, the two coastal 

provinces had the highest CVs in Table 3. Manitoba had the lowest CVs for these three farm types, which were also the lowest CVs 

in Table 3. For dairy, Quebec had the lowest CV, while for beef, the lowest CV was in Alberta. The poultry industry had the highest 

spatial variation, followed by grains and oilseeds, while dairy had the lowest overall spatial variation. Spatial variation for the pork 

and poultry was lowest in the Manitoba. Spatial variation for the pork and poultry were generally higher than for beef and dairy. 

On average, the Prairies had lower CVs than the other provinces. All of the CVs in Table 3 were higher than zero and there were 

appreciable differences among these CVs. Hence, the crops that drive these five farming systems were not evenly distributed 

among the CARs.   

Farm Machinery Chemical Electric Heating

field work supply inputs power Gasoline
1

fuel
2

Provinces

British Columbia 1.1 0.6 1.0 0.6 0.7 0.8

Alberta 19.4 11.1 34.8 3.1 7.2 4.6

Saskatchewan 31.7 18.2 35.3 2.5 6.7 4.2

Manitoba 10.6 6.1 21.3 1.4 2.4 1.9

Ontario 8.6 4.9 11.1 2.6 2.5 2.8

Quebec 4.7 2.7 6.5 2.3 1.9 2.2

Atlantic 0.9 0.5 1.4 0.4 0.3 0.4

Canada 76.9 44.1 111.4 12.9 21.7 16.9
1

PJ

1 Gasoline purchased by farm operators for farm-owned vehicles.

2 Includes fumace-oil, liquid propane (LPG) and natural gas

Table 2. Provincial estimates of the six energy terms of the Canadian farm energy budget during 2001.

4.3. Assessing sensitivity through spatial variance

The spatial variance assessments of the spatial data in this chapter are shown in Tables 3
and 4. The statistic used to compare spatial variance was the coefficient of variation (CV) of
the CAR energy values within each province. Being the ratio of standard deviations to their
respective means, the CVs give a normalized, and thus a comparable, measure of spatial
variability. In order to avoid the CVs being affected by the sizes of the CARs, the data in the
two appendices were converted to energy intensities using areas of arable land extracted
from the CEEMA crop records (discussed in more detail below). To illustrate, if the disag‐
gregated energy intensities are evenly dispersed across all CARs in the province, then the
crop records in the CEEMA database would have no impact on the distribution of energy
consumption. Evenly dispersed energy quantities across all CARs would also result in no
variance among the CARs and a provincial CV of zero.

Table 3 presents the CVs for the data presented in Appendix A, while Table 4 presents the
CVs for Appendix B. In Table 3, only one set of CV estimates was needed for all three ener‐
gy terms since there was no source of spatial variation associated with these energy terms
prior to disaggregation to the CARs. For the pork, poultry and grains and oilseeds farm
types, the two coastal provinces had the highest CVs in Table 3. Manitoba had the lowest
CVs for these three farm types, which were also the lowest CVs in Table 3. For dairy, Que‐
bec had the lowest CV, while for beef, the lowest CV was in Alberta. The poultry industry
had the highest spatial variation, followed by grains and oilseeds, while dairy had the low‐
est overall spatial variation. Spatial variation for pork and poultry was lowest in the Manito‐
ba. The spatial variations for pork and poultry were generally higher than for beef and
dairy. On average, the Prairies had lower CVs than the other provinces. All of the CVs in
Table 3 were higher than zero and there were appreciable differences among these CVs.
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Hence, the crops that drive these five farming systems were not evenly distributed among
the CARs.

 

Table 3. Provincial Coefficients of Variations (CV) for the disaggregation of energy use by five farm types from the FEUS1 to the CARs2 during 

2001. 

1 Farm energy use survey 

2 census agricultural regions of Canada 

3 grains and oils farms 

4 these CV estimates represent all three energy terms from the FEUS. 
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The more hilly and ecologically-varied terrain in the coastal provinces may account for some of the spatial variance in British 

Columbia and the Atlantic Provinces compared to the prairies. However, the agricultural areas in the Prairie Provinces, 

particularly Saskatchewan, are greater than in the other provinces, and have a greater range in latitude, and hence climate, which 

would result in higher spatial variation among the CARs. In spite of the relatively low CVs in some cases, Tables 3 and 4 still 

suggest that the data presented in the two appendices can provide some guidance on where in each province farm energy use 

would be the highest or the lowest for each energy term. 

 

Table 4. Provincial Coefficient of Variation (CV) for the disaggregation of the six energy terms in the Canadian farm energy budget to the CARs1 

during 2001. 

1 census agricultural regions of Canada 

4.4. Fossil CO2 emissions from farm energy use 

To satisfy the secondary goal of this chapter the farm energy budget presented in Table 2 was converted to fossil CO2 emissions. 

With the variety of energy types that are used in Canadian agriculture, a different conversion was required for each of the six 

energy terms. For the diesel fuel for field work, coal to manufacture steel for farm machinery and gasoline, the conversion factors 

were 70.7, 86.2 and 68.0 Gg{CO2}/PJ (Neitzert et al., 2005). Based on a summary of fertilizers manufacturing energy dynamics by 

Nagy (2001), Dyer and Desjardins (2007) used 57.9 Gg{CO2}/PJ as the conversion factor for fossil CO2 emissions from fertilizer 

supply. Even though the chemical input supply energy computations were driven by just nitrogen applications, this conversion 

Beef Dairy Pork Poultry G&OS
3

Provinces

British Columbia 0.31 0.30 0.84 1.27 0.90
Alberta 0.25 0.18 0.34 0.33 0.39

Saskatchewan 0.35 0.25 0.30 0.26 0.27
Manitoba 0.39 0.27 0.19 0.18 0.16
Ontario 0.53 0.20 0.38 0.40 0.13
Quebec 0.30 0.13 0.65 0.65 0.38
Atlantic 0.39 0.32 0.83 1.01 0.82

CV
4

Farm Chemical Electrical Heating
field work inputs power Gasoline fuel

Provinces
British Columbia 0.32 0.33 0.47 0.34 0.70

Alberta 0.20 0.26 0.12 0.12 0.11
Saskatchewan 0.07 0.44 0.16 0.17 0.16

Manitoba 0.08 0.22 0.14 0.13 0.12
Ontario 0.11 0.16 0.02 0.13 0.14
Quebec 0.25 0.11 0.16 0.08 0.34
Atlantic 0.25 0.28 0.23 0.20 0.45

1

CV

1 Farm energy use survey

2 census agricultural regions of Canada

3 grains and oils farms

4 these CV estimates represent all three energy terms from the FEUS.

Table 3. Provincial Coefficients of Variation (CV) for the disaggregation of energy use by five farm types from the
FEUS1 to the CARs2 during 2001.

Whereas there were no spatial differences among the three energy terms from the FEUS
when they were separated by their farm types (Table 3), integrating over those five farm
types in Table 4 created some differences among these three energy terms. Since farm field
work and machinery supply were connected to each other through the F4E2 model, and had
the same spatial variations, only the farm field work CVs were shown in Table 4. Farm field
work, electric power and gasoline use all had similar CVs which were all lower than the CVs
for heating fuels and chemical inputs. The higher CVs for heating fuels likely reflect the
combining of three fuel types into one term.

Manitoba had the lowest average CV over the five energy terms in Table 4. British Columbia
had the highest CVs for all energy terms except chemical inputs, which were highest in Sas‐
katchewan. The Atlantic Provinces and then Quebec had the next highest CVs after British
Columbia. The CV for electric power in Ontario was so low that it suggested almost no spa‐
tial differences for this term in Ontario. There was not as much within-province variation
among the energy terms (Table 4) as among the farm types (Table 3) that determined the
spatial variations for three of those terms. The CVs in Table 4 still display an appreciable
amount of within-province spatial variation, however.

The more hilly and ecologically-varied terrain in the coastal provinces may account for some
of the spatial variance in British Columbia and the Atlantic Provinces compared to the prai‐
ries. However, the agricultural areas in the Prairie Provinces, particularly Saskatchewan, are
greater than in the other provinces, and have a greater range in latitude, and hence climate,
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which would result in higher spatial variation among the CARs. In spite of the relatively
low CVs in some cases, Tables 3 and 4 still suggest that the data presented in the two appen‐
dices can provide some guidance on where in each province farm energy use would be the
highest or the lowest for each energy term.
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4.4. Fossil CO2 emissions from farm energy use 

To satisfy the secondary goal of this chapter the farm energy budget presented in Table 2 was converted to fossil CO2 emissions. 

With the variety of energy types that are used in Canadian agriculture, a different conversion was required for each of the six 

energy terms. For the diesel fuel for field work, coal to manufacture steel for farm machinery and gasoline, the conversion factors 

were 70.7, 86.2 and 68.0 Gg{CO2}/PJ (Neitzert et al., 2005). Based on a summary of fertilizers manufacturing energy dynamics by 

Nagy (2001), Dyer and Desjardins (2007) used 57.9 Gg{CO2}/PJ as the conversion factor for fossil CO2 emissions from fertilizer 

supply. Even though the chemical input supply energy computations were driven by just nitrogen applications, this conversion 
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Table 4. Provincial Coefficients of Variation (CV) for the disaggregation of the six energy terms in the Canadian farm
energy budget to the CARs1 during 2001.

4.4. Fossil CO2 emissions from farm energy use

To satisfy the secondary goal of this chapter the farm energy budget presented in Table 2
was converted to fossil CO2 emissions. With the variety of energy types that are used in
Canadian agriculture, a different conversion was required for each of the six energy terms.
For the diesel fuel for field work, coal to manufacture steel for farm machinery and gasoline,
the conversion factors were 70.7, 86.2 and 68.0 Gg{CO2}/PJ (Neitzert et al., 2005). Based on a
summary of fertilizers manufacturing energy dynamics by Nagy (2001), Dyer and Desjar‐
dins (2007) used 57.9 Gg{CO2}/PJ as the conversion factor for fossil CO2 emissions from fer‐
tilizer supply. Even though the chemical input supply energy computations were driven by
just nitrogen applications, this conversion took into account all three fertilizers, not just ni‐
trogen, since all three fertilizers were included in this energy term. Reasoning that a very
small additional share of the input energy was devoted to the supply of pesticides, which
were not included in the calculations from Nagy (2001), Dyer and Desjardins (2009) defined
this CO2 emissions term as chemical inputs, rather than fertilizer supply.

Because heating fuel includes three separate fossil fuels, CO2 emission rates had to be deter‐
mined for each farm type in the same way as energy consumption rates for heating fuel
were determined. This was done by converting the set of fuel and farm type estimates for
this energy term and converting them to CO2 emissions, using 59.8, 61.0 and 67.7
Gg{CO2}/PJ, for LPG, natural-gas and furnace-oil (Neitzert et al., 2005). The conversion fac‐
tor for each fuel and farm type was the ratio of these CO2 emissions and the previously dis‐
cussed energy consumption amounts. The blended factors had only minor variation among
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the provinces, however, ranging from 61.8 Gg{CO2}/PJ for Saskatchewan to 66.6 Gg{CO2}/PJ
for the Atlantic Provinces. Therefore, the average heating fuel conversion factor for Canada,
64.1 Gg{CO2}/PJ, was used for all provinces in Table 5.

Since they were interested in a national farm energy budget, Dyer and Desjardins (2009)
used a single average conversion factor for CO2 emissions for the consumption of electric
power. Their factor allowed for 22% of Canadian electricity generation being from coal-fired
plants. However, there are great differences among provinces in the dependence of coal-
based generation (NRCan, 2005), ranging from 96% in Alberta to 0% in Quebec. Because of
the goal of provincial disaggregation of all farm fossil CO2 emissions to provinces in this
chapter, the conversion factor for each province was computed separately using the provin‐
cial percent of coal generation from each province. The resulting conversion factors were
41.4, 264.8, 209.6, 2.8, 44.1, 0.0 and 162.4 Gg{CO2}/PJ, respectively, for British Columbia, Al‐
berta, Saskatchewan, Manitoba, Ontario, Quebec and the Atlantic Provinces.

took into account all three fertilizers, not just nitrogen, since all three fertilizers were included in this energy term. Reasoning that a 

very small additional share of the input energy was devoted to the supply of pesticides, which were not included in the 
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coal-fired plants. However, there are great differences among provinces in the dependence of coal-based generation (NRCan, 2005), 

ranging from 96% in Alberta to 0% in Quebec. Because of the goal of provincial disaggregation of all farm fossil CO2 emissions to 
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generation from each province. The resulting conversion factors were 41.4, 264.8, 209.6, 2.8, 44.1, 0.0 and 162.4 Gg{CO2}/PJ, 

respectively, for British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Quebec and the Atlantic Provinces.  

 

Table 5. Provincial fossil CO2 emissions from the six terms of the Canadian farm energy budget during 2001. 

1 gasoline purchased by farm operators for farm-owned vehicles. 

2 Includes furnace-oil, liquid propane (LPG) and natural gas. 

Like Table 2, the provincial differences in Table 5 reflect the range in sizes of the agriculture sector in the provinces. Saskatchewan 

accounted 36% of the fossil CO2 emissions, while the three Prairie Provinces accounted for 80%. The two coastal provinces only 

accounted for 4%. While fertilizer supply was the largest energy term, the two terms related to farm field work exceeded fertilizer 

supply as a CO2 emitter by 50%. Heating fuels had the lowest emissions, both for Canada and for all of the provinces. The three 

terms from the FEUS emitted only 21% of the fossil CO2 from Canadian agriculture. The greatest variation among provinces was 

from the electric power term, due to the provincial differences in the use of coal for generating power. Heating fuels showed the 

least variation among provinces.  

With a few minor adjustments to methodology, the basic energy budget described in this chapter (prior to spatial disaggregation) 

was very similar to the national energy budget presented by Dyer and Desjardins (2009). Therefore, the total emissions for Canada 

in Table 5 can be compared to the CO2 totals for 2001 in that paper. Dyer and Desjardins (2009) showed higher CO2 emissions for 

gasoline and heating fuels than this chapter because that analysis included several horticultural farm systems that were not 

included in the CEEMA database. Electric power CO2 emissions were higher in this chapter than the emissions from this term by 

Dyer and Desjardins (2009). This was due to the decision to use province-specific energy to CO2 conversions for electric power 

generation in this chapter, which captured the greater dependence on coal in the provinces with the largest agriculture sectors. The 

national CO2 emissions estimate for three energy terms that could be computed directly from the CEEMA crop records in this 

chapter were all equal to the 2001estimates reported by Dyer and Desjardins (2009).  

4.5. Energy use and CO2 emission intensities 

The farm fossil fuel associated with feedstock production would depend on the specific type of feedstock crop to be produced. The 

data in Appendix B provide a set of baseline data against which the fossil fuel required for a specific feedstock crop choice would 

have to be compared. These data represent the mean quantities of farm energy used either for food or livestock feed production in 

each CAR. These mean energy quantities, summarized by province in Table 2 and converted to CO2 emissions in Table 5, were also 

converted to the area based intensities shown in Figure 2 using the crop areas presented in Table 6. These areas include annual 

crops and seeded perennial forages summarized from the CEEMA crop records to the CAR scale. The CARs in Table 6 are 

Farm Machinery Chemical Electric Heating

field work supply inputs power Gasoline
1

fuel
2

Provinces
British Columbia 79 55 61 23 46 49

Alberta 1,372 961 2,014 832 492 295
Saskatchewan 2,238 1,567 2,044 533 457 258

Manitoba 749 524 1,231 4 163 122
Ontario 605 423 643 114 167 183
Quebec 332 233 378 0 130 145
Atlantic 60 42 81 59 23 26
Canada 5,435 3,805 6,451 1,566 1,478 1,078

Gg CO2

1 gasoline purchased by farm operators for farm-owned vehicles.

2 Includes furnace-oil, liquid propane (LPG) and natural gas.

Table 5. Provincial fossil CO2 emissions from the six terms of the Canadian farm energy budget during 2001.

Like Table 2, the provincial differences in Table 5 reflect the range in sizes of the agriculture
sector in the provinces. Saskatchewan accounted 36% of the fossil CO2 emissions, while the
three Prairie Provinces accounted for 80%. The two coastal provinces only accounted for 4%.
While fertilizer supply was the largest energy term, the two terms related to farm field work
exceeded fertilizer supply as a CO2 emitter by 50%. Heating fuels had the lowest emissions,
both for Canada and for all of the provinces. The three terms from the FEUS emitted only
21% of the fossil CO2 from Canadian agriculture. The greatest variation among provinces
was from the electric power term, due to the provincial differences in the use of coal for gen‐
erating power. Heating fuels showed the least variation among provinces.

With a few minor adjustments to methodology, the basic energy budget described in this
chapter (prior to spatial disaggregation) was very similar to the national energy budget pre‐
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sented by Dyer and Desjardins (2009). Therefore, the total emissions for Canada in Table 5
can be compared to the CO2 totals for 2001 in that paper. Dyer and Desjardins (2009) showed
higher CO2 emissions for gasoline and heating fuels than this chapter because that analysis
included several horticultural farm systems that were not included in the CEEMA database.
Electric power CO2 emissions were higher in this chapter than the emissions from this term
by Dyer and Desjardins (2009). This was due to the decision to use province-specific energy
to CO2 conversions for electric power generation in this chapter, which captured the greater
dependence on coal in the provinces with the largest agriculture sectors. The national CO2

emissions estimate for three energy terms that could be computed directly from the CEEMA
crop records in this chapter were all equal to the 2001 estimates reported by Dyer and Des‐
jardins (2009).

4.5. Energy use and CO2 emission intensities

The farm fossil fuel associated with feedstock production would depend on the specific type
of feedstock crop to be produced. The data in Appendix B provide a set of baseline data
against which the fossil fuel required for a specific feedstock crop choice would have to be
compared. These data represent the mean quantities of farm energy used either for food or
livestock feed production in each CAR. These mean energy quantities, summarized by prov‐
ince in Table 2 and converted to CO2 emissions in Table 5, were also converted to the area
based intensities shown in Figure 2 using the crop areas presented in Table 6. These areas
include annual crops and seeded perennial forages summarized from the CEEMA crop re‐
cords to the CAR scale. The CARs in Table 6 are numbered in the same sequence that was
used in the two appendices. Because the areas in unseeded pasture and other marginal
lands account for almost no farm energy use in Canada, they were not included in Table 6.
These data can be used with Appendix B to calculate the intensity of energy use in each
CAR (and were used in Tables 3 and 4). Over 80% of the arable land in Canada is in the
three Prairie Provinces, and almost half of Canada’s farmland is in Saskatchewan.

Figure 2 integrates the six energy terms in each province. Figure 2a shows the mean energy
use per ha while Figure 2b shows the mean CO2 emissions per ha. Although the distribution
of CO2 emissions resembles the distribution of energy uses across the provinces, there are
slight differences because of the different farm type mixes and fuel types associated with
those farm types among the provinces. Saskatchewan had the lowest energy use and CO2

emission intensities because that province has the lowest share of its arable land devoted to
livestock feed.

The following example illustrates how to reconcile biofuel feedstock production with farm
fuel use and fossil CO2 emissions. Using their 2009 methodology, Dyer and Desjardins
(2007) described theoretical CO2 emission budgets for a wheat farm in Saskatchewan and a
dairy farm in Ontario. From the perspective of carbon footprint, the simulated wheat farm
would be similar to a farm growing grain as a feedstock for ethanol. Based solely on fossil
CO2 emissions, the emission intensity for the ethanol feedstock crop was only 0.26 t/ha, com‐
pared to the mean intensity of 0.49 t/ha for all farm types in Saskatchewan in Figure 2b. This
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result suggests that diverting farmland to grow ethanol feedstock might actually lower the
average on-farm fossil CO2 emissions in Saskatchewan.
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Figure 2. Area based intensity of on-farm energy use (a) and fossil CO2 emissions (b) from all farm types in each province of Canadian in 2001. 
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CAR British Atlantic
# Columbia Alberta Saskatchewan Manitoba Ontario Quebec Provinces

1 11 766 1,252 1,413 822 182 113
2 22 1,036 1,351 750 1,083 94 128
3 27 940 2,198 665 373 45 90
4 17 1,993 733 781 624 73 6
5 65 1,107 2,108 397 444 102
6 2 974 2,196 505 97
7 57 1,513 1,342 116
8 185 1,569 84
9 1,849 210

10 472
11 219

Total 386 8,329 14,598 4,511 3,347 1,695 337
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Table 6. Areas in annual crop and seeded perennial forges distributed over the 55 Cencus Agricultural Region (CAR)
of Canada during 2001.
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Figure 2. Area based intensity of on-farm energy use (a) and fossil CO2 emissions (b) from all farm types in each prov‐
ince of Canada in 2001.

In Ontario, the simulated dairy farm emission intensity described by Dyer and Desjardins
(2007) was 0.62 t/ha, compared to the 0.64 t/ha for all farm types in the province. This close
agreement reflects the high share of Ontario farmland that is devoted to livestock produc‐
tion, much of which is dairy. These comparisons ignore CO2 emissions from the soil, as well
as the other types of GHG. A similar comparison would also be possible for the energy re‐
quired to grow other biofuel feedstock crops based on data presented in this chapter. Since it
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is often debatable what the correct land base should be when comparing per ha intensities of
different farm types, Figure 2 should be viewed with caution. Farm land has a wide range of
capabilities and intensities of use. Therefore the efficiency of food or feedstock production is
not necessarily determined by land use intensity.

5. Summary and conclusions

Quantifying the local impacts from land use changes driven by expanding markets for bio‐
fuel was a major focus in this chapter. The degree of spatial detail for the complete farm en‐
ergy budget presented here is unprecedented in Canada. The sensitivity analysis technique
for farm energy demonstrated by Dyer and Desjardins (2003a) could be used to assess sce‐
narios for the growth of biofuel industries. While this has been done for livestock to biofuel
feedstock interactions in Canada (Dyer et al., 2011c), more detailed spatial resolution for
such scenario or sensitivity analysis is required. With the three Prairie Provinces accounting
for 80% of both the arable land and overall farm energy use in Canada (Tables 2 and 6), the
ability to assess the energy consumption patterns in this region in more spatial detail than at
the provincial scale is especially important. The procedure described in this chapter disag‐
gregated all terms to the CAR scale before re-integrating to the provincial scale. Because of
this quantitative link with the CARs, and its computational flexibility, this procedure is ide‐
ally suited to this sensitivity analysis application.

5.1. Limitations of the study

The energy budget presented in this chapter does not represent all of the farm energy pro‐
vided by the FEUS. This was because only those farming systems that are extensive users of
farmland are relevant to the regional focus of CEEMA. The excluded energy consumers, in‐
cluding the horticultural enterprises such as market gardeners, fruit growers and green‐
houses, are typically clustered within a few highly favourable climate zones, usually in
proximity to population centres. In addition, relative to total agricultural energy use, these
enterprises are very small and, consequently, small users of energy. In spite of the CEEMA
data being derived from economic analysis, while the previous farm energy budget descri‐
bed by Dyer and Desjardins (2009) used actual crop statistics as input data, there was close
agreement between these two sets of energy use estimates.

It should be cautioned that the farm energy budget described in this chapter will undergo
changes, particularly since it applied to 2001. There are both uncertainties and on-going
trends in several of the energy terms in this budget. The most dramatic case has been the
impact of reduced tillage on farm use of diesel fuel for field operations (Dyer and Desjar‐
dins, 2005). An increasing popularity of diesel fuel for farm owned transport vehicles may
mean that some use of diesel fuel for tasks other than field operations may have to be moni‐
tored and taken into account in future farm energy budget estimates. The fossil CO2 emis‐
sions that can be attributed to farm use of electric power could also change as coal
generating plants are replaced by natural gas, nuclear reactors, or renewable power sources.
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For example, natural gas, with its lower CO2 to energy ratio than coal, is becoming increas‐
ingly available for this purpose (NEB, 2006).

There are also suggestions that ammonia-based nitrogen fertilizers could consume less natu‐
ral gas than other forms of this chemical input (CAP, 2008) and that allowance for increased
use of ammonia-based nitrogen fertilizer is needed in the carbon footprint of farm opera‐
tions. However, the estimates of CO2 emissions associated with the supply of farm chemical
inputs by Dyer and Desjardins (2009), upon which this chapter was based, is consistent
with, if not lower than, other studies. For example, over the four census years prior to 2001,
the average national CO2 emissions for chemical inputs reported by Dyer and Desjardins
(2009) was 9% below the same period average fossil CO2 emissions for this term by Janzen et
al. (1999). Snyder et al. (2007) reported CO2 to N conversion rates that were the same as the
4.05 t{CO2}/t{N} conversion used by Dyer and Desjardins (2009) for Nebraska and 10% high‐
er for Michigan.

The assumption that most farm animals are located near their feed sources was essential to
the disaggregation of the three empirical energy terms. This assumption was sound for cat‐
tle as roughage makes up an important part of their diet and, except for drought years, its
long-distance transport is uneconomic. This assumption was somewhat less sound for pork
and poultry as feed grains (including oilseed meal) are more easily transported. Neverthe‐
less, for these livestock types there is an advantage to having production near the cropland
that provides the feed and is available for manure disposal. The higher spatial variation for
the pork and poultry compared to beef and dairy in Table 3 would support the impact of
this advantage. Although pork and poultry were the smallest of the five farming systems,
and the three empirical energy terms were also the smallest terms, it would be worthwhile
to gather data on the distances over which livestock farmers can cost-effectively ship feed
grains. Furthermore, a reliable estimate of the energy used by farmers for transport would
be essential to an objective carbon footprint comparison of livestock farming with biofuel
feedstock production.

5.2 Going forward:
Implications for biofuels

Trends in farm energy levels will also reflect shifts in land use towards feedstock for bio‐
fuels. Providing farm type-specific energy data in Appendix A with this chapter identified
the energy quantities that are most likely to shift as land resources are reallocated from live‐
stock or food crops into feedstock if the biofuel market opportunities expand. Because of the
uncertainties in the farm energy budget, such as more efficient manufacturing of farm in‐
puts, and the land use challenges associated with the emerging biofuel industries, flexibility
will be needed. The examples provided here with Figure 2 demonstrated how changes in
land use can affect the area based intensity of farm energy consumption and fossil CO2 emis‐
sions. Hence, the analytical procedures for farm energy described in this chapter are being
maintained in a dynamic, integrated and repeatable computation procedure. With this flexi‐
bility it can facilitate revisions in the Canadian farm energy budget or shifts in farm manage‐
ment as predicted in an updated version of the CEEMA.
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This chapter devoted relatively more space and effort to the electric power, gasoline and
heating fuel terms than to the field work and two supply terms. Although the three terms
from the FEUS were smaller energy quantities, there were two reasons for this extra atten‐
tion. First, they have received almost no analysis, at least from a modeling perspective, prior
this analysis. Consequently, the disaggregation of these terms was much more interpolative
than process based. Second, the different levels of use by the five major farm types in Cana‐
da of these energy sources, combined with the regional differences in where these farming
systems are most often found, resulted in the appreciable spatial variations at the CAR scale
shown in Table 3, at least compared to Table 4.

The liquid fossil fuels burned in farm-owned vehicles (both gasoline and diesel) warrants
more rigorous treatment because of its overlap with the question of the energy costs of
transporting food products to processors and consumers, or feedstock to biofuel plants. De‐
velopment of a predictive model for this term will depend on better understanding of how
and where producers market their produce and the extent to which processers are involved
in the collection of that produce, whether it is milk, wheat or canola oil. This is particularly
true for biofuel feedstock where the haulage cost can grow in comparison to the production
cost if the processing plants are not strategically located. Optimizing the locations of biofuel
processing sites will depend on the knowledge of both energy uses and the spatial distribu‐
tion of land use systems.

Much of the farm energy budget presented in this chapter was based on the 1996 FEUS.
Including verification of the F4E2 model, five of the six terms in this energy budget were
derived  from  this  database.  Updating  the  FEUS  would  also  facilitate  disaggregation  of
the later years in the farm fossil CO2 emissions budget described by Dyer and Desjardins
(2009) to both the provinces and the CARS. The importance of farm energy in the GHG
emissions  budget  for  both  agriculture  and biofuels  requires  a  repeat  of  the  1996  FEUS.
Since  the  FEUS entailed  survey  methodology,  rather  than  actual  measurements,  an  up‐
dated  FEUS  would  be  an  expensive  undertaking  in  Canada.  Whereas  electric  power
showed  some  promise  for  a  predictive  tool  (Dyer  and  Desjardins,  2006b),  the  other
FEUS-based  terms,  gasoline  and  heating  fuels,  offer  little  hope  of  being  worked  into  a
predictive model, although they could be indexed to changing livestock populations. For‐
tunately,  all  three  of  these  terms  contribute  relatively  little  to  Canada’s  farm  energy
budget compared to the other three terms.

Growth in biofuel industries is driving the crop selections by many Canadian farmers to‐
wards feedstock crops. But as global population expands, major land use shifts will also
occur in the food industries,  such as from beef  or pork production,  to more grains and
pulses for direct human consumption. Food industries that are now minor, such as vege‐
table  production,  may see  dramatic  growth in  response  to  both food demand and to  a
warmer climate. Canadian agriculture may well be challenged by shortages of fossil fuel
to do field work and commercial fertilizer. The CEEMA database also needs to be updat‐
ed to help meet these challenges.  Until  a repetition of the FEUS is undertaken, updated
regional  farm  energy  use,  and  fossil  CO2  emission  estimates  using  more  recent  census
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years and an up to date version of CEEMA, will help to fill the information gaps caused

by looming changes in the sector.

Appendix A
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Table 7. The 2001 energy quantities for Electrical Power (EP), Gasoline (Gas) and Heating Fuels (HF) distributed over five farm types and the 55 

Cencus Agricultural Regions (CAR) of Canada 

CAR EP Gas HF EP Gas HF EP Gas HF EP Gas HF EP Gas HF

Provinces #
British Columbia 1 5 12 7 5 4 2 0 0 0 0 0 1 0 0 0

2 9 24 13 10 7 4 0 0 0 2 1 7 0 0 0
3 20 52 30 23 18 10 3 2 3 28 14 80 0 0 0
4 9 23 13 12 9 5 1 1 1 4 2 11 0 0 0
5 26 67 39 28 22 12 1 1 1 4 2 10 0 0 0
6 1 2 1 1 1 0 0 0 0 0 0 1 0 0 0
7 20 51 29 26 20 11 1 1 2 5 2 14 0 1 0
8 60 156 89 145 111 62 16 11 17 99 47 277 3 10 6

Alberta 1 134 347 198 19 15 8 30 21 33 9 4 25 85 263 155
2 178 462 264 39 30 16 66 46 72 19 9 53 161 499 294
3 199 517 295 34 26 15 37 26 40 10 5 27 75 232 137
4 358 928 531 60 46 26 88 62 96 28 13 78 197 611 360
5 288 746 426 39 30 17 34 24 37 10 5 28 72 223 131
6 298 772 441 33 25 14 22 15 24 6 3 18 48 148 87
7 255 662 378 35 27 15 46 32 50 17 8 47 114 354 208

Saskatchewan 1 53 139 79 9 7 4 18 13 20 3 2 9 127 394 232
2 31 79 45 6 5 3 14 10 15 2 1 7 268 437 258
3 92 239 136 11 9 5 19 13 20 4 2 10 252 780 460
4 39 100 57 5 4 2 6 5 7 1 1 3 127 394 232
5 93 242 138 17 13 7 40 28 43 6 3 18 234 726 428
6 69 180 103 14 11 6 35 25 39 6 3 17 234 725 428
7 34 87 50 9 7 4 22 16 25 4 2 11 163 507 299
8 51 133 76 12 9 5 30 21 33 5 2 14 179 556 328
9 124 322 184 19 15 8 35 25 38 5 3 15 198 615 362

Manitoba 1 91 235 135 45 35 19 194 136 212 27 13 75 122 380 224
2 74 191 109 26 20 11 78 54 85 13 6 36 58 181 107
3 40 105 60 15 12 6 61 43 67 10 5 28 52 161 95
4 28 71 41 14 10 6 66 47 73 12 6 33 62 191 113
5 36 92 53 12 9 5 39 27 42 5 3 15 26 82 48
6 61 159 91 20 15 8 44 31 48 6 3 16 27 82 48

Ontario 1 97 250 143 371 285 158 93 65 102 67 32 187 14 42 25
2 81 211 120 397 305 169 191 134 209 131 63 367 20 61 36
3 19 50 29 123 95 52 86 60 94 56 27 158 7 21 12
4 17 44 25 182 140 77 164 114 179 116 55 324 11 35 21
5 55 143 82 208 160 88 50 35 55 31 15 86 6 18 11

Quebec 1 16 40 23 134 103 57 27 19 30 10 5 29 3 9 5
2 7 18 10 67 52 29 16 11 18 4 2 11 2 6 4
3 4 10 6 34 26 14 13 9 14 6 3 16 1 2 1
4 5 12 7 48 37 20 38 26 41 15 7 42 1 3 2
5 12 30 17 89 68 38 17 12 18 6 3 18 1 2 1
6 5 12 7 59 45 25 59 41 65 21 10 58 1 3 2
7 12 31 18 97 75 41 31 22 34 12 6 33 1 3 2
8 9 23 13 69 53 29 8 6 9 3 1 8 1 3 2
9 21 54 31 168 129 71 42 30 46 16 8 44 2 6 4
10 20 52 30 280 215 119 352 246 385 129 62 361 3 10 6
11 15 39 22 152 117 65 101 70 110 34 17 96 2 6 4

Atlantic provinces 1 12 31 18 63 48 27 9 6 10 4 2 12 2 6 3
2 9 24 13 59 45 25 35 24 38 35 17 97 3 10 6
3 12 31 18 72 55 31 20 14 22 24 11 67 1 2 1
4 1 3 2 5 4 2 0 0 0 0 0 0 0 0 0

TJ

Beef Dairy Pork Poultry G&OS

Table 7. The 2001 energy quantities for Electrical Power (EP), Gasoline (Gas) and Heating Fuels (HF) distributed over
five farm types and the 55 Census Agricultural Regions (CAR) of Canada
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Table 8. Energie quantities in the six terms of the Canadian farm energy balance distributed over 55 Cencus Agricultural Regions (CAR) of 

Canada during 2001. 

1 Include furnace oil, liquid propane (LPG) and natural gas 

References 

AAFC, 2011. Soil Landscapes of Canada (SLC), General Overview. Agriculture and Agri-food Canada (AAFC). 

http://sis.agr.gc.ca/cansis/nsdb/slc/intro.html. Accessed 7 May 2012. 

Dyer, J.A. and R.L. Desjardins. 2003a. The impact of farm machinery management on the greenhouse gas emissions from Canadian 

agriculture. Journal of Sustainable Agriculture. 20(3):59-74.  

Dyer, J.A. and R.L. Desjardins. 2003b. Simulated farm fieldwork, energy consumption and related greenhouse gas emissions in 

Canada. Biosystems Engineering 85(4):503-513.  

Dyer, J.A. and R.L. Desjardins. 2005. Analysis of trends in CO2 emissions from fossil fuel use for farm fieldwork related to 

harvesting annual crops and hay, changing tillage practices and reduced summerfallow in Canada. Journal of Sustainable 

Agriculture. 25(3):141-156. 

Farm Machinery Chemical Electrical Heating

CAR field work supply inputs power Gasoline fuels
1

Provinces #
British Columbia 1 28 16 34 10 17 11

2 60 34 66 21 32 25
3 124 71 145 74 86 122
4 51 30 65 26 35 31
5 137 78 178 59 92 62
6 4 2 6 2 3 2
7 102 58 120 52 75 56
8 608 349 433 323 336 451

Alberta 1 1,908 1,095 1,935 277 650 419
2 3,532 2,028 5,095 463 1,047 700
3 2,133 1,224 3,637 355 806 514
4 4,182 2,401 7,448 731 1,660 1,090
5 2,594 1,489 6,622 443 1,027 639
6 1,923 1,104 4,469 407 964 584
7 3,139 1,802 5,582 467 1,082 699

Saskatchewan 1 2,461 1,413 2,531 211 553 345
2 2,835 1,627 2,231 321 532 328
3 4,926 2,828 2,978 377 1,042 632
4 1,608 923 859 178 502 301
5 4,925 2,827 7,523 391 1,012 635
6 4,227 2,427 4,139 359 944 593
7 2,958 1,698 2,556 232 618 387
8 3,649 2,095 5,394 278 722 456
9 4,073 2,338 7,088 382 978 608

Manitoba 1 3,288 1,887 6,916 479 798 665
2 1,659 952 3,785 248 452 347
3 1,650 947 2,751 179 325 256
4 1,945 1,116 2,761 181 325 265
5 1,005 577 2,641 118 213 163
6 1,051 603 2,407 158 290 212

Ontario 1 1,892 1,086 3,128 642 675 615
2 2,850 1,636 3,678 820 774 902
3 1,106 635 1,110 292 253 345
4 1,697 974 1,579 490 389 626
5 1,011 580 1,605 350 371 322

Quebec 1 365 210 571 190 176 144
2 225 129 297 96 89 71
3 109 63 163 56 49 50
4 216 124 266 106 85 112
5 204 117 462 124 116 92
6 341 196 366 144 111 156
7 262 151 495 153 136 128
8 151 87 306 90 86 61
9 446 256 854 249 226 196
10 1,749 1,004 1,871 785 586 901
11 634 364 874 304 249 297

Atlantic provinces 1 277 159 482 90 93 69
2 402 231 440 141 120 180
3 162 93 439 128 113 138
4 11 7 37 6 7 4

TJ

1 Include furnace oil, liquid propane (LPG) and natural gas

Table 8. Energy quantities in the six terms of the Canadian farm energy balance distributed over 55 Census
Agricultural Regions (CAR) of Canada during 2001.
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