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ABSTRACT

It is well-known that energy has an important role in social and
economic improvements. Understanding the relationships between
energy-related issues and the economic growth is crucial for the devel-
opment of reliable and appropriate energy policies and for handling
the possible economic local or regional impacts. Considering Canada
as a case study, this article investigates the relationships among gross
domestic product (GDP), energy consumption, energy consumption
in the industry, and the elasticity of oil prices. Results showed that
the GDP and energy consumption (total, industrial) are inelastic with
respect to the oil price and GDP, respectively. Moreover, Extra Trees
approach is utilized for modeling the primary energy consumption
and CO, emissions. It was found that the proposed tree-based models
provide excellent predictions.

INTRODUCTION

During the last several decades, the capabilities of converting
energy from less desirable forms to the more desirable forms have
improved. Thanks to technological improvements, more and more
energy resources, both conventional and non-conventional, have been
developed and utilized. Furthermore, the world’s living standards are
improving and its population growing. Both global energy demand
and consumption are rising. Figure 1 shows the world’s total energy
consumption from 1990 to 2010 plus the projected energy requirements
for the subsequent three decades. Figure 2 provides details regarding
the share of each type of fuel in the total consumed energy. It is clear
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Figure 1. Total energy consumption in the last and upcoming decades (the
data are collected from reference 1).
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Figure 2. Share of various fuels in total energy consumption (the data are
collected from reference 1).
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that the increase in the need for energy is variable. Generally, per capi-
ta gross national product (GNP) has a positive effect on the amount of
consumed energy.

While it is believed that the availability of adequate amounts of
energy is vital for economic and social growth and improvement, the
combustion of fossil fuels is considered responsible for global warming
and climate change. This is mainly due to the atmospheric emissions
of pollutants including methane and carbon dioxide (CO,) generated
by production and transportation processes. Water and soil pollution
are other environmental impacts of energy utilization. In view of the
aforementioned issues, it is crucial to develop and implement appro-
priate energy policies and technologies to succeed in dealing with the
undesirable impacts of energy on the environment. Investigating pa-
rameters such as crude oil price and elasticity of supply is important.
The objective of this study is to analyze specific energy-related param-
eters in Canada. First, the energy sector in Canada is reviewed. Next,
relevant published works concerning the investigation of energy in
Canada are discussed. Then, analysis methods are employed for the
application of interest.

THE ENERGY SECTOR IN CANADA

As the world’s second largest country in geographic size, Canada
has a population of more than 36 million. According to the 2016 ver-
sion of the BP statistical review of world energy [2], Canada consumes
2.5% of the world’s total primary energy produced and is the sixth
largest energy consumer after China (22.9%), the U.S. (17.3%), India
(5.3%), the Russian Federation (5.1%) and Japan (3.4%). Figure 3 shows
energy consumption in Canada by fuel type. Canada ranks fifth in
the world as a producer primary energy (3.6%). The top four primary
energy producers are: the U.S. (16.8%), China (16.5%), the Russian Fed-
eration and USSR (10.5%) and Saudi Arabia (5.4%) [3]. Since energy
produced within Canada is greater than its consumption, Canada is an
energy exporting country.

In Canada, both renewable and non-renewable sources of en-
ergy are available. Table 1 ranks Canada among the countries with
the world’s largest proven reserves of crude oil. However, in 2015,
Canada’s oil production comprised 4.9% of total crude oil produc-
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Figure 3. Share of various fuels in Canada’s energy consumption (the data are
collected from reference 2).

tion [2]. Most of Canada’s oil is produced in the provinces of Alberta,
Saskatchewan, and Newfoundland and Labrador. Due to the capabil-
ity of Canada in the refining industry, Canada also imports crude oils
mainly from the U.S., Saudi Arabia, Iraq, Norway, Algeria and Angola
[4]. Canada is ranked fifteenth among the holders of proved reserves
of natural gas with 1.1% of the world’s resources, and is the fourth
largest producer with 4.6% of the world’s total natural gas production
[2]. Canada has 0.7% of total world’s coal reserves (ranked 15th) and
produces 0.8% of the world’s coal.

Approximately 8% of total unmined uranium resources are lo-
cated in Canada. Canada produces about 25% of the global primary
uranium [5]. The top five hydroelectric producers and their share of
total production in the world are tabulated in Table 2. Canada has a
great potential to generate renewable electricity from its hydropower
sources. Table 3 offers information regarding the renewable energy
production in Canada.

As described above, Canada has multiple and diverse energy
resources. Indeed, all forms of energy including renewable and non-
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renewable are accessible for utilization. The Canadian economy is
highly dependent on energy. Hence, reliable and sustainable energy
production and utilization are critically important for Canadians. The
following section considers Canada’s energy policy.

Table 1.

Top 5 countries with the largest proven crude oil reserves
(based on the data from reference 2).

Country Share of total (%)
Venezuela 17.7
Saudi Arabia 15.7
Canada 10.1
Iran 9.3
Iraq 8.4
Table 2.

Top 5 countries with hydroelectric production (data based on reference 2).
Country Share of total (%)
China 28.5
Canada 9.7
Brazil 9.1
USA 6.4
Russian Federation 43

Table 3.

Information about the renewable energy consumption/production
in Canada (data based on reference 2).

Consumption
De Amount (Mtoe) Share of total (%) Rank in the world
Biofuel 1.059 1.4 10
Wind 5.6 29 7
Solar 0.6 1.0 14
Geothermal and other 1.2 1.0 19
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Energy Policy

During the last decade, Canada witnessed a 20% decrease in
energy intensity while its consumption of energy increased by only
2%. This is due to implementation of efficient and novel processes in
energy intensive industries like pulp, print, paper and metals. Indeed,
the energy consumption of the aforementioned industries was reduced
while production increased [6]. This success reflects appropriate deci-
sions and policies that were implemented in Canada.

In Canada’s federal system of government, both the provincial
and territorial governments are involved in decision-making concern-
ing energy-related issues. Electricity generation and production plus
non-renewable resource processes from exploration to management
are within the jurisdiction of provincial governments. Inter-provincial
regulation along with the international trade and commerce are mainly
under the authority of federal government. Furthermore, non-renew-
able resources available from federal lands are managed by federal
government [7].

The establishment of more stringent federal energy efficiency
standards in multiple sectors is promoted by the federal government
in cooperation with the provincial governments [6]. For example, in
2011, the National Energy Code of Canada for Buildings (NECB) was
introduced which provided criteria for energy-effective design and
construction of buildings. The NECB also covers heating, ventilating
and air conditioning (HVAC) systems and equipment, building enve-
lope, lighting, service water heating, and the provision of systems and
motors of electrical power. The 2015 edition of NECB included several
changes to improve the overall energy-efficiency of buildings [8]. Strin-
gent emission regulations were also enacted for both coal-fired power
plants and vehicles (light and heavy duty). As a new legal framework,
the federal government supported various efficiency programs for
the forest industry. In spite of these regulations, Canada’s economy
remains highly energy-intensive when compared to other International
Energy Agency (IEA) member countries [6].

In some regions of Canada oil pipeline capacities are insufficient
and otherwise problematic. For economic, safety, and environmental
reasons, it was decided to increase the use of railways to transport oil.
However, using railroads to transport oil also risks accidents [6]. In
2015, to mitigate the issues related to the oil transmission using pipe-
line and rail, new rules including the Railway Safety Act, the Pipeline
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Safety Act, and the Energy Safety and Security Act were enacted.

To support the economic and sustainable development of Cana-
da’s natural resources and enhance its position as a responsible con-
sumer and supplier of energy, a number of challenges remained. One
is that Canada is a relatively energy-intensive IEA member. This is
substantially due to the country’s climate conditions, geographic size,
high living standards, large energy reserves, and extensive energy
extraction and processing for exports. The next problem is the high
emission rates of greenhouse gas from the petroleum and natural gas
industries. Furthermore, Canada must become more adaptive to the
volatile pricing of products in the global oil and natural gas markets.
Canada also needs to reduce the use of coal and nuclear reactors for
electricity generation. Further, it is believed that Canada’s budget for
public energy research and development (R&D) and demonstration ef-
forts from public enterprises and provincial and federal governments
is greater than necessary [6].

LITERATURE REVIEW

In 1993, Gardner used the Divisia index for disaggregating the
changes in Ontario’s industrial sector aggregate energy intensity into
intensity and structural components [9]. Using the approach of com-
posite indicator, Nanduri et al. presented indicators of physical energy
intensity for the Canadian manufacturing and industrial sectors in 2002
[10]. The developed method was then compared to the available meth-
ods of aggregation that were available in the literature. In 2003, Palmer
compared the Divisia index and Laspeyres index methods as the most
common factorization approaches [11]. To this end, Palmer employed
the data of Canadian industrial energy use from 1995 to 2001 [11].

In 2011, Steenhof and Weber assessed multiple parameters that
impact the trends in emissions of greenhouse gas from Canada’s elec-
tricity sector [12]. The focus of this work is on the impact of energy and
climate policy on greenhouse gas emissions for the period from 1990 to
2008. In order to reach the research goals, Steenhof and Weber devel-
oped and implemented a decomposition model [12]. For incorporating
the indicators of physical activity, Ang and Xu applied index decom-
position analysis (IDA) to investigate the industrial energy consump-
tion in 2013 [13]. By employing the Canadian data, they presented
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the results of their work. In another 2013 study, trends of the energy
intensity for 40 economies, including Canada, between 1995 and 2007
have been investigated by De Cian et al. [14]. Wong et al. studied the
contributions of energy research and development (R&D) and energy
consumption on economic growth [15]. In 2014, the impact of consum-
ing nuclear energy on growth of GDP and carbon dioxide emission
in thirteen main nuclear energy consuming economies, including
Canada, was investigated by Al-mulali [16]. The panel models of CO,
emission and GDP growth were used over the period of 1990 to 2010.

For the U.S., Canada, and seventeen countries in Latin America,
Rodriguez-Caballero and Ventosa-Santaularia studied the casual link
and the relationship between electric power consumption and gross
domestic product [17]. In 2016, Torrie et al. employed the logarithmic
mean Divisia Index method to understand the reasons for the decline
in the total energy intensity of the Canadian economy between 1995
and 2010 [18].

ANALYSIS—ELASTICITY

It is believed that Canada’s economic growth became progres-
sively dependent on the energy sector beginning in 2000 [19]. To
understand whether or not the GDP of Canada is elastic in respect to
crude oil prices is of great importance in studying the energy econom-
ics of Canada. Furthermore, this is also true for the elasticity of energy
consumption in industry and electricity consumption with respect to
the GDP. Elasticities of Canada’s GDP with respect to crude oil price
changes, eGDP, is calculated based on the following equation:

¢GDP = [d(GDPy040) + (GDP gt/ [d(Poy) + (Poy) 1] 1)

which denote the GDP of Canada and crude oil price, respectively; and
t and d indicate a given time period and change in the GDP, respec-
tively.

The elasticities of energy consumption in industry sector of Can-
ada with respect to the GDP are estimated by the following equation:

¢EC = [d(EClypaqd) +
(ECICanadu)t]/[d(GDPCanada) - (GDPCunuda)t] (2)
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where ECI-,, .. denotes energy consumption in industry. Further-
more, using Equation (3), the elasticities of Canada’s energy consump-
tion, EC( .4, With respect to the GDP are estimated.

eEC = [d(ECCanadu) + (ECCanadu)t]/ [d(GDPCanadu) +
(GDPCunada)t] ®3)

The information regarding the P, ECI-,, ..., and ECe,, ... from
2000 to 2014 are summarized in Table 4. The data of oil prices (USD)
and GDP (USD) are gathered from the BP Statistical Review of World
Energy (2016) and the World Bank [2,20]. The collected data of energy
consumption (ktoe) and energy consumption in the industry (ktoe) are
reported by International Energy Agency [21].

The calculation results are provided in Table 5. Its results show
that generally when the crude oil price fluctuates, there is a little
change in Canada’s GDP. The geometric mean of the estimated elastici-
ties is equal to 0.51. Since the obtained value of GDP-oil price elasticity
from 2000 to 2014 is less than 1, it can be said that the GDP of Canada
was generally insensitive to crude oil prices during this period.

Table 4.
The gathered data for analyzing the energy economics in Canada.
Year GDP Oil Price  Energy consumption  Energy consumption
(USD) (USD) (ktoe) in industry (ktoe)
2000 7.42293E+11 39.22 191,480 55,244
2001 7.3638E+11 3271 184,983 52,072
2002 7.57951E+11 32.97 190,051 53,724
2003 8.92381E+11 37.14 196,681 55,804
2004 1.0232E+12 48.01 201,440 57,557
2005 1.16936E+12 66.17 198,665 52,710
2006 1.31542E+12 76.59 195,764 51,249
2007 1.46498E+12 82.75 202,454 50,978
2008 1.54913E+12 107.06 196,000 47,113
2009 1.37115E+12 68.13 184,676 42,537
2010 1.61341E+12 86.41 187,422 42,627
2011 1.7887E+12 117.23 195,109 45,590
2012 1.82429E+12 115.28 196,891 45,834
2013  1.83744E+12 110.55 199,094 47,300

2014 1.78378E+12  99.06 200,396 47,985
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In case of the GDP-EC,,, ... elasticities, the geometric mean was
determined to be 0.32. This means that the energy consumption in
Canada changes only slightly as a result of changes in GDP. Interest-
ingly, for most of the developed countries, this parameter is also less
than 1. Influence of the change in GDP on the energy consumption in
Canada’s industry is negligible. This is due to the fact that the geomet-
ric mean of GDP-ECI,, .. elasticities is 0.47.

Table 5.
Elasticity response of GDP of Canada to the P,
ECICanada and ECcanada*

Period Oil-GDP GDP-EC,,,, GDP- ECl,,,
20002001 0.05 426 721
20012002 3.77 0.94 1.08
20022003 1.40 0.20 0.22
20032004  0.50 0.17 0.21
20042005 0.38 0.10 0.59
20052006  0.79 0.12 0.22
2006-2007 1.4 0.30 0.05
20072008 0.20 0.55 1.32
20082009 032 0.50 0.85
20092010  0.66 0.08 0.01
20102011 0.30 0.38 0.64
20112012 1.20 0.46 027
20122013 0.18 1.55 4.44
20132014  0.28 0.22 0.50

Employing the following formula, the energy consumption of
Canada in future years can be estimated:

et = [(EC,,; - EC) + EC/]/[(GDP,,; — GDP,) + GDP,] (4)

In case of Canada, the predicted values of the GDP and energy
consumption growth rate (per unit time) to 2020 are given in Table 6.
As Table 6 indicates, it is projected that the growth rate of energy con-
sumption will reach about 0.33 at 2020.
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Table 6. Projections to 2020 for Canada.

Year GDP Growth Rate Energy Growth rate (energy
(GDP) consumption consumption)
2015  1.80E+12 1.08 200768.2556 0.18576
2016  1.82E+12 1.00 201168.8284 0.19952
2017  1.86E+12 1.90 201826.2482 0.32680
2018  1.89E+12 191 202489.2878 0.32852
2019  1.93E+12 1.93 203161.4712 0.33196
2020 1.97E+12 1.94 203839.3804 0.33368

ANALYSIS—TREE-BASED MODELING

With a goal of modeling the primary energy consumption/CO,
emissions in Canada as a function of GDP, foreign direct investment
(FDI), population, oil price, natural gas price, and electricity generation,
the Extra Trees methodology is used for the first time [22,23]. The re-
quired data sets for modeling have been gathered from the BP Statistical
Review of World Energy (2016) and are reported in Tables 4 and 7 [2].

The created trees for predicting the primary energy consumption
(Mtoe) in Canada are shown in Figures 4 (Tree #1) and 5 (Tree #2).
Similarly, Figures 6 (Tree #3) and 7 (Tree #4) demonstrate the devel-
oped trees to estimate CO, emissions (Mt) in Canada. In Figures 4-7,
the X[0], X[1], X[2], X[3], X[4], indicate the independent parameters
including GDP (USD), FDI (USD), population, oil price (USD), natural
gas price (USD), and electricity generation (TWh) respectively.

The proposed tree-based models are easily used and understood.
The average of the outcomes of Tree #1 and Tree #2 are the predicted
values of primary energy consumption. Similarly, the average values
of the outputs of Tree #3 and Tree #4 represent the predicted values of
CO, emissions.

A sample procedure for estimating the CO, emissions is as fol-
lows: considering the input data of year 2010 and using Tree #3, since
the natural gas price is lower than 4.6854, the left sub-tree is selected.
At second stage, the left sub-tree is selected. Because the population
(year 2010) is lower than 35,745,198.7. The third stage compares the
value of natural gas price. Again, the left sub-tree is selected. At the
fourth stage, since the FDI (year 2010) is lower than $48,379,824,042.9,
the left sub-tree is our selection. Stage five considers electricity genera-
tion values. In 2010, 588.16 TWh electricity is generated. So, we go to
the left sub-tree.
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Finally, since the oil price is more than $82.1, the right sub-tree
is our section. Consequently, Tree #3 gives 544.8 Mt as CO, emissions.
Similarly, Tree #4 gives the value of 544.8. Hence, the predicted CO,
emissions (year 2010) is 544.8 Mt which is in agreement with the real
value.

The error analysis results, employing statistical parameters in-
cluding R%, AARD%, and ARD%, are reported in Table 8 for the pre-
sented tree-based models. According to Table 8, both the developed
models on the basis of Extra Trees provide satisfactory results for the
application of interest.

Table 8.
Error analysis results for the proposed tree-based models.
Model Parameter
R’  AARD% ARD%
Primary Energy Consumption 1 0.0 0.0
COz Emissions 1 0.0 0.0

Figure 8 demonstrates the influence of each independent pa-
rameter on the creation of trees to predict values of primary energy
consumption. As can be seen from Figure 8, electricity generation has
the highest effect of the tree development. On the other hand, the
minimum impact is related to the price of natural gas. The graphical
representation of the effect of input parameters on the development of
Tree #3 and Tree #4 is illustrated in Figure 9. As opposed to the previ-
ous model, the natural gas price has the maximum effect on the devel-
opment of trees to estimate CO, emissions. It can be observed that the
price of oil has the least impact in this case.

CONCLUSION

In this article, the GDP-oil price, GDP-EC~,,, ..., and GDP-ECI~,, ...
elasticities were calculated for Canada using data from 2000 to 2014. In
all cases, it was found that the value of elasticity is less than 1. It was
also revealed that the growth rate of energy consumption will reach to
about 0.33 by 2020. Furthermore, employing Extra Trees algorithm two
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Figure 8. Importance of each inputs on development of Tree #1 and Tree #2
(vertical: importance; horizontal: inputs).
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distinct predictive models were developed to estimate the primary
energy consumption and CO, emissions in Canada. The independent
parameters for both of the presented models are GDP, FDI, population,
oil price, natural gas price, and electricity generation. Based on the
error analysis results, the proposed tree-based models can be success-
fully used for estimating the target values. Electricity generation and
the natural gas price are the most important parameters influencing
the creation of models for estimating the primary energy consumption
and CO, emissions in Canada, respectively. The minimum impacts on
the aforesaid models are respectively linked to natural gas price and
oil price.
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