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Abstract
This dissertation explores the broad question of how to understand and promote low-carbon
transitions given Canada’s historic and geographic context.

An introductory essay provides commentary on the dissertation as a whole, establishes the
general context for detailed research within three articles, and offers final reflections. The essay
outlines the linkage between fossil fuel dependence and natural resource exploitation;
Canada’s regionally segmented energy landscape, and the role of regional politics in public
policy; as well as lessons from debates concerning innovation and industrial policy. It also
discusses methodological choices and a theoretical framework combining insights from the
emerging literature on sustainability transitions and Canadian scholarship in political economy.

Core research contributions are found in three published articles. The first article uses the
staple theory of Canadian natural resource exploitation to define the problem of carbon lock-in.
It outlines the carbon trap as a new pitfall of resource dependency in the 21st century, relevant
to Canada. The next articles consider potential low-carbon transition pathways stemming from
hydroelectric resources, based in the province of Québec. The second article of the dissertation
examines how hydroelectricity shaped the development of an electric vehicle innovation
system. The third article explores factors that encourage complementary interactions between
wind and hydroelectric technologies. Québec shows promise of avoiding the problem of
truncated innovation, which can be associated with overreliance on a natural resource. The
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wind and electric vehicle cases demonstrate the potential for the hydroelectric regime to
encourage the development of a wider system of low-carbon technologies.

With respect to evading the carbon trap, a final reflection on the dissertation highlights a need
for future research on the potential for low-carbon technologies to evolve from crude oil based
systems, given the regional nature of Canadian politics and the importance of geographic and
sectoral contexts in socio-technical transitions. The search for these low-carbon configurations
within the crude oil system can be informed by lessons stemming from the hydro cases
concerning the role of technological interactions in fostering transitions. Furthermore, the need
for differentiated strategies targeted to Canada’s various sectoral and geographic
circumstances reinforces the relevance of a transitions policy approach.
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Introductory Essay to Dissertation
Introduction
This dissertation explores a broad and multi-dimensional question: how do we understand
and promote low-carbon transitions given Canada’s unique historic and geographic context?
The dissertation takes an exploratory approach because of the wide nature and complexity of
the question, and because few scholarly works have considered the implications of a lowcarbon transitions perspective in Canada. To investigate this issue, the dissertation combines
insights found within the emerging literature on sustainability transitions and Canadian
scholarship in political economy. The transitions literature provides an evolutionary analytical
framework that can be employed to understand the role of technological and social innovation
in the process of shifting from a high-carbon economic structure towards sustainable
development trajectories. Canadian political economy highlights factors that are unique to the
country’s structural context and its patterns of change. These two theoretical frameworks help
define the topics and approaches used in three articles that constitute the essential elements of
the thesis.

The first article in the dissertation (Haley 2011) explores the structural conditions that
maintain dependence on high-carbon energy systems in Canada. It outlines development
patterns in Canadian economic history that have relevance to low-carbon transitions. The
articles that follow explore how new economic structures can evolve from old ones, given
Canada’s unique resource endowments and existing energy configurations. These articles
highlight the potential for low-carbon technological systems to evolve, as emerging clean
1

energy technologies interact with Canada’s existing hydroelectric resources. The second article
of the dissertation (Haley In Press) explores the development of electric vehicle technologies in
the hydroelectric intensive province of Québec. The third article (Haley 2014 A) examines
technological interactions between wind and hydroelectricity in Québec. Both of the hydrobased case studies demonstrate the prospect of developing uniquely Canadian low-carbon
transition pathways. The articles provide insights into how dynamics internal to a particular
region and sector influence the shape of low-carbon technological configurations.

Each of these articles has been published within a peer-reviewed academic journal. The
articles are presented in appendices. A holistic description of the dissertation’s objectives,
findings, and implications is presented in this introductory essay. The purpose of the
introductory essay is to provide the general context for the more specific research articles, and
to offer a final reflection and meta-commentary on the dissertation as a whole. Section 1 of the
introductory essay discusses the global challenge of climate change and Canada’s challenge to
reduce greenhouse gas emissions. The next section outlines the characteristics of Canada’s
energy system, followed by a discussion of the physical, institutional, and political factors that
influence Canada’s greenhouse gas (GHG) emissions profile, and it defines key challenges and
opportunities faced by policy actors seeking to promote low-carbon transitions. Section 3
discusses theoretical and methodological approaches used in the dissertation. Section 4
outlines the three published articles found in the appendices, and discusses decisions involving
case selection and methods. The final section provides a reflection on low carbon transition
studies in Canada in light of the three articles and the previous sections of this introductory
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essay. It explores national implications of the dissertation’s findings. It also acknowledges the
many facets of the Canadian context yet to be explored, and new directions for Canadian lowcarbon transitions research.

The dissertation helps define a Canadian low-carbon transition research agenda. The
transitions approach highlights that changes to multiple elements of a system are often
required to change development trajectories, and that the nature of system structures differ
across sectors and geographies. This dissertation argues that managing the complex evolution
towards a low-carbon economy in the Canadian context must include policy approaches
directed towards breaking down the barriers and enhancing the opportunities in specific
technological fields, economic sectors, and geographic regions.

Section 1: Climate Change Ahead, Transitions Needed
The prospect of reaching dangerous levels of global warming calls for a dramatic shift in
energy systems and underlying economic structures by mid-century. The Intergovernmental
Panel on Climate Change (IPCC) (2014) projects that global greenhouse gas emissions need to
be reduced by 41% to 72% below 2010 levels by 2050 and 78% to 118% by 2100 to limit
the global average surface temperature to below 2 degrees Celsius over pre-industrial levels, in
this century. In the 2009 Copenhagen Accord, the global community (through the United
Nations Framework Convention on Climate Change [UNFCCC]) accepted “the scientific view
that the increase in the global temperature should be below 2 degrees Celsius”. Warming
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above this level is projected to result in dangerous climate change, the effects of which could
include decreasing water availability, extensive damage to coral reefs, rising species extinction,
increasing damage from floods and storms, and the risk of dangerous feedback processes in the
climate system which could create irreversible changes (IPCC 2007).

In the 2010, Cancun Agreement the UNFCCC acknowledged, “Addressing climate change
requires a paradigm shift towards building a low-carbon society”. Achieving such a paradigm
shift has implications for certain technologies and economic sectors, particularly fossil fuel and
clean energy based technologies. If the world is to shift to this low carbon society necessary to
limit the worst effects of global warming, a significant portion of the fossil fuels that could be
used for energy production cannot be burned, using current technologies. The International
Energy Agency (2012, p.25) stated that without mitigation efforts (such as carbon capture and
storage), “no more than one-third of proven reserves of fossil fuels can be consumed prior to
2050 if the world is to achieve the 2°C goal”. Leaton (2011) estimates that if a 2°C target were
“rigorously applied” up to 80% of reserves currently owned by fossil fuel companies would be
stranded. To meet the 2°C climate objective, policymakers would need to aggressively deploy
clean energy technologies and replace carbon-emitting fossil fuels. Yet, the International Energy
Agency’s Energy Technology Perspectives (2014) laments a situation where the world
defensively responds to energy system evolutions rather than actively managing an energy
transformation. The IEA calls for a “radical change in course” and notes “the necessity of
technology” to obtain climate reduction and related policy goals.
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Developed nations, which industrialized by using fossil fuel based energy sources, are
responsible for the vast majority of the carbon dioxide already emitted into the atmosphere.
Between 1800-2008 industrialized nations (known as the Annex 1 countries within the UNFCCC)
emitted 240 gigatonnes, 73 percent of carbon emissions, while less developed countries (non
Annex 1 countries) emitted only 91 gigatonnes of carbon, or 27 percent of emissions (Khor
2009). The preamble of the UNFCCC acknowledges that the largest share of historic and current
global emissions originates in developed countries, that per capita emissions in developing
countries are relatively low, and that energy consumption will grow in developing countries to
meet social and economic objectives. Significant technological shifts will be required in already
developed countries, such as Canada, if global emissions objectives are to be achieved. Larger
reductions are required in developed countries for both moral and practical reasons. There is a
moral obligation for developed nations to lead GHG reduction efforts because of their historic
responsibility for emissions. In addition, there is the practical consideration that countries with
high per capita emission levels will have more emission reduction potential than nations
seeking to reduce poverty and increase their level of economic well being.1

Various reduction targets for Canada have been suggested by civil society organizations and
adopted by governments. A 2014 report considering how to avoid going over the global 2°C
limit, suggested a 2 tonnes of carbon dioxide equivalent per capita benchmark for Canada. This
would require a 90% reduction in emissions from 2010 levels by 2050 (about an 88% reduction
from a 1990 base year) (Bataille et al. 2014). Two prominent environmental organizations, the
1

To see how these principles are embedded in the international climate change regime and how they influence
negotiations see Yamin and Depledge (2004) and Doelle (2005).

5

David Suzuki Foundation and the Pembina Institute, propose that Canada adopt GHG reduction
targets 25% below 1990 levels by 2020, and 80% below 1990 levels by 2050 (Bramley 2005).
These targets mirror those accepted by European nations, and the House of Commons
supported the targets in 2008 when it passed The Climate Change Accountability Act
(Parliament of Canada. 2007/2008) (later defeated in the Senate). The Government of Canada’s
(2007) Climate Action Plan announced a target to reduce emissions 20% below 2006 levels by
2020 (about 2% above 1990 emissions levels), and 60-70% below 2006 levels by 2050 (51-63%
below a 1990 base year). Canada then pledged emission reductions 17% below 2005 levels by
2020 within the Copenhagen Accord.

While numerous reduction targets have been adopted by governments and suggested by
policy actors, Canada is not on a trajectory to meet even the least stringent of these objectives.
Projections from Environment Canada (2013) foresee a continued increase in emissions to be
roughly equal to 2005 levels in 2020 instead of 17% below the 2005 level as pledged in the
Copenhagen Accord (see figure 6 below). In order to meet any of the targets noted in this
section, there would need to be a significant shift in momentum towards lower greenhouse gas
emissions.

6

Section 2: Canadian Context
While nations such as Canada must dramatically reduce GHG emissions for moral as well as
practical reasons, a shift to a low carbon society will be challenging because the pathway of
fossil fuel based development that these countries followed creates economic, political, and
technological structures that are resistant to change. This introduces the question of how a
low-carbon transition can be achieved in already industrialized economies. Each nation has
energy systems based on different end-use patterns, sectoral compositions, and natural
resource endowments. Each industrialized country plays a different role within the global
economy and has unique internal institutional arrangements. This dissertation focuses on
Canada’s situation.

2.1 Canada’s Energy System(s)

The following section will present a national picture of Canada’s energy system and its
greenhouse gas emission profile. Canada’s energy system is dominated by fossil fuels, which is
characteristic of global energy systems that produce the climate change problem. In 2012,
Canada produced 17,335 petajoules of primary energy (energy before conversion or
transformation); the vast majority of the energy produced is either crude oil or natural gas
(Figure 1). Energy consumption in Canada was 8,179 petajoules in 2012 (Figure 2). Fossil fuels
also dominate consumption. Refined petroleum products and natural gas were the largest
energy sources used for final consumption. However electricity sourced primarily from hydro
and nuclear comprised 23% of final consumption. Differences in magnitude between
7

consumption and production are due to primary energy exports, conversion losses, and nonenergy uses.
Figure 1: Primary Energy Production in Canada (2012)
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Figure 2: Total and Primary Energy, Final Demand by Fuel Type (2012)
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Figure 3 separates the consumption of energy in Canada by sector and by fuel type, for
2012. The transportation and industrial sectors are the largest energy consumers. Industrial
emissions will be considered in greater detail in section 2.3. Canada’s vast land area provides a
partial explanation for large energy demands in the transportation sector (Bataille et al. 2014,
p. 61). The transportation sector is an intensive user of refined petroleum products (94% of
final transportation consumption). Natural gas provides less than 5% of the energy used for
transportation, and electricity provides only 0.6%. The agriculture sector is also a large user of
refined petroleum products. Electricity and natural gas fuels have the largest shares in the
residential, commercial, and industrial sectors.
Figure 3: Primary and Secondary Energy End-Use by Sector and Fuel Type (2012)
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A closer look at electricity generation in figure 4 shows that 61% of Canada’s electricity was
produced by hydro resources in 2012. Hydroelectricity helps reduce the carbon intensity of
electricity generation and use. Nuclear energy was used to produce 16% of electricity and nonhydro forms of renewable energy such as wind, solar, and biomass comprised 2% of electricity
generation. These sources also help reduce the carbon intensity of Canadian electricity
generation. However, Canada’s electricity sector is responsible for GHG emissions. In 2012, coal
was used to produce 11% of Canada’s electricity, and natural gas produced 7% of electricity.

Figure 4: Canada Electricity Generation Mix (2012)
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(Environment Canada 2014, Annex 13)

With respect to both production and consumption of hydroelectricity, Canada is in a fairly
unique global position. Canada is estimated to produce 11% of the world’s hydroelectricity,
making it the third largest producer behind China and Brazil, in 2011 (Natural Resources Canada
2013, p. 64). In terms of per capita annual hydroelectric production, Canada is the third highest,
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behind Iceland and Norway (figure 5). Canada’s high share of hydroelectricity within its
generation mix (about 60%) compares with countries such as Norway (95% share), Brazil (81%),
Iceland (73%), Costa Rica (73%), New Zealand (56%), and Switzerland (51%), in 2011 (World
Bank A). Thus, Canada belongs to a suite of countries who are large producers and consumers
of hydro.
Figure 5: Hydroelectric Production Per Capita (2010)
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(World Bank B, through www.gapminder.org)

Canada’s energy production and consumption trends influence its level of greenhouse gas
emissions. Canada’s emission levels have increased well above 1990 levels, and are projected to
increase from current levels by 2020 (figure 6). In 2012 emissions were 18% above 1990 levels.
This means Canada has drastically overshot its commitment in the Kyoto Protocol to reduce
emissions 6% below 1990 levels between 2008-2012. Environment Canada (2013) projects that
emissions will increase from current levels by 2020, which will mean the country will overshoot
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the target it pledged within the Copenhagen Accord as well as the more aggressive goals
suggested to be required to prevent global warming above 2°C.
Figure 6: Canada's GHG Emissions 1990-2012 with Projection to 2020
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The oil and gas production and transportation sectors are the largest GHG emitters and the
sectors with the fastest growing emissions between 1990 and 2012 (Figure 7). Projections to
2020 anticipate that transportation emissions will remain at a steadier level, while oil and gas
production emissions will increase significantly. Electricity sector emissions grew in the decade
prior to 2000, but began to decline at the turn of the 21st century. Only electricity, emissions
intensive and trade exposed industries2, and the waste and other sectors3 have achieved GHG
2

Sectors include mining activities, smelting and refining, and the production and processing of industrial goods
such as chemicals, fertilizers, paper and cement.
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reductions below 1990 levels. The electricity sector is projected to decrease its GHG emissions
most dramatically by 2020.

Figure 7: Canadian GHG Emissions by economic sector (excluding LULUCF) 4
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3

Other sectors include non-emissions-intensive industrial sectors such as light manufacturing (e.g. electric and
transportation equipment, electronics, food and beverage), construction and forestry.
4

LULUCF - Land-use, Land-use changes, and forestry.

Figure 7 displays GHG levels for 1990, 2000, 2005, and 2011 with smoothed lines in-between these data points.

13

Conclusion

A high-level look at Canada’s national energy system demonstrates the dominance of fossil
fuels in both energy production and consumption. The extraction and production of oil and gas
comprise the largest share of primary energy production and have been responsible for most of
Canada’s GHG emissions growth. On the consumption side, the transportation sector is the
largest user of petroleum products and the use of natural gas is prominent in the industrial,
commercial, and residential sectors.

Electricity production and consumption presents an energy sub-system with different
characteristics. While fossil fuels are used in the production of electricity, Canada’s electricity
system is primarily low-carbon, due to the dominance of hydro and nuclear. This sector has
reduced its GHG emissions and is projected to continue to do so. Roughly 1/4th of energy enduse is currently electric. Electricity penetration is very low in the largest end-use sector
(transportation where it is 0.6% of end-use) as well as agriculture (12% of end-use). However
electricity use is prominent in the commercial/institutional (47% of end-use) and residential
sectors (42% of end-use). The industrial sector also derives 28% of its energy needs from
electricity. Thus, electricity not only has a declining emissions profile, it is also well represented
in Canada’s consumption shares and in a variety of end-use sectors. Canada does not have a
homogenous energy system, but energy systems with different characteristics.
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2.2 Canadian Characteristics and Challenges

To further explore the Canadian context we will now examine Canada’s GHG emissions
performance and the challenges involved in transitioning towards lower carbon energy sources
in light of the country’s specific characteristics. This review will span several dimensions,
including natural resource endowments, institutional arrangements, and political structures.
Analysis will shed further light on the structure of Canada’s energy systems and the country’s
GHG emissions profile.

This section’s exploration of Canadian energy characteristics and policy challenges will be
divided into three parts. The first section will consider the role of resource exports. The second
will highlight the segmentation of energy production and consumption patterns across regions,
and the influence of regional considerations in Canadian political economy. The third section
will discuss Canadian innovation policy debates and their relation to the challenge of moving
the current energy system trajectory away from the “business as usual” projections of
increasing GHG emissions.
2.3 Resource Exports

Canada’s historic economic roots are based in natural resource exploitation. The French and
English colonized Canadian territory for its primary materials (Easterbrook and Aitken 1956).
Economic historians have also traced the importance of other resource developments such as
timber, wheat, minerals, and hydroelectricity to Canadian economic development patterns (see
Easterbrook and Watkins 1967). Much of Canada’s historic comparative advantage has rested
15

on the extraction of resources found within its vast land area. Challenges included developing
the means to transport these resource goods across an expansive geography. Canada’s
economic and geographic heritage contributes to the present moment’s high-carbon industrial
structure. Oil and gas production and transportation now comprise the highest share of GHG
emissions by sector (figure 7).

The enduring influence of Canada’s resource history is discussed in present-day economic
policy debates. For instance, the Council of Canadian Academies Expert Panel on Business
Innovation (2009, p. 167) noted that,
“Canada’s particular colonial history, its specialization in natural resources and its proximity
to the US colossus have had a powerful shaping influence on Canada’s path of economic
development, and on the nation’s values and the attitudes of its business people”.
This quote implies that Canada’s resource export history has implications for the nature of
Canadian entrepreneurship and the pathways followed by the national economy.

In the late 20th century, Canada’s economy diversified away from resource specialization to
a significant extent.5 However, a resource boom, led by Alberta’s petroleum sector, at the turn
of the 21st century has increased the role of resource exports in the Canadian economy (see
Stanford 2008). Energy exports have become increasingly important. Figure 8 shows the
dramatic increase in net exports for energy products that occurred in the late 1990s and 2000s.

5

Although, many explain the characteristics of Canadian industrialization with reference to the tendencies created
by Canada’s resource history. This is further discussed in article #1 of the dissertation, and section 3.2 of the
introductory essay.
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This trade surplus in energy is counter-balanced by a drastic decline in non-energy exports,
starting in 2002.

Billion Canadian Dollars
(Balance of Payments Basis, Seasonally Adjusted)

Figure 8: Merchandise Net Exports for Energy and Non-Energy Products (1990-2013)
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Within the energy sector, natural gas products and crude oil and bitumen have increased
net exports most dramatically. As shown in Figure 9, natural gas product net exports declined in
2008, while the trade surplus in crude oil and bitumen followed an upward trajectory. Refined
petroleum, electricity, and other energy products have low trade surpluses in comparison to oil
and gas. The story here is that Canada’s energy products export boom is a fossil fuel boom.
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Figure 9: Merchandise Net Exports by Energy Sector (1990-2013)
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Table 1 shows that Canada exported just under 60% of its total primary energy production
(measured by terajoules) in 2012. Crude oil production is the most export intensive, where 74%
of the primary energy produced was sold outside of Canada. Electricity was the least export
intensive product, selling 12% of its production outside of the country. However, in comparison
to other countries this level is quite high. According to Natural Resources Canada (2013), in
2011 Canada was the third largest electricity exporter in the world. Table 2 demonstrates that
almost all of Canada’s energy products play a prominent role in their respective global export
markets. This includes electricity, where Canada is estimated to provide 8% of global exports.
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Table 1: Exports of Primary Energy Products
Primary Energy Source

% Of Production
Exported (2012)

Primary Energy

59%

Crude Oil

74%

Natural Gas

56%

Coal (2010) 6

56%

Gas plant natural gas liquids (NGL’s)

29%

Primary electricity

12%

(Statistics Canada Table 128-0016)

Table 2: Canada's Export Position in the World by Energy Source
Fuel/Power Source (unit of
measure - year)

Global Export Position
amongst nations

% Of Global Exports

Uranium (kt - 2012)

2nd

16%

Electricity (TWh - 2011)

3rd

8%

Natural Gas (Bcf/d - 2012)

4th

9%

Crude Oil (MMb/d - 2011)

5th

5%

Coal (tonnes - 2012)

7th

3%

(Natural Resources Canada 2013)

6

Data for coal primary energy production and exports is not available in 2012 due to confidentiality concerns.
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The recent dominance of energy exports in Canada’s trade composition is coupled with
contemporary policy visions that seek to promote the development and export of Canadian
natural resources. In 2006, Prime Minister Stephen Harper declared Canada to be an “energy
superpower”. More recently, former Prime Minister Brian Mulroney (2014) proclaimed that
developing Canada’s natural resources would be the “next big thing” and where the country
would find its comparative advantage.

Increased reliance on fossil fuel exports will influence Canada’s GHG emissions profile.
Already, 25% of emissions stem from the extraction and production of oil and natural gas
(Environment Canada 2014). As demonstrated in figure 7, emissions from the oil and gas sector
have grown most substantially. In contrast, emissions caused by domestic consumption have
not increased to the same extent. The transportation sector is the largest domestic consumer
of refined oil products.7 Its emissions increased since 1990, but are projected to remain
relatively constant between 2011 and 2020. The buildings sector has experienced small
increases between 1990 and 2011, while the waste sector has deceased emissions. Other
production-oriented sectors (electricity and emissions intensive and trade exposed industries)
have decreased emissions. This paints a picture of Canadian production of oil and gas for export
being responsible for the bulk of the growth in emissions. The resource export orientation of
the Canadian economy presents particular challenges, over and above the challenge of
transitioning the domestic end-use of energy away from carbon-emitting fossil fuels.

7

Some transportation emissions relate to exports. Emissions due to freight hauling by truck (Heavy-Duty Gasoline
Vehicles and Heavy-duty Diesel Vehicles) have increased substantially since 1990 (Environment Canada 2014, p.
33).
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2.4 Regional Considerations

The national picture presents a production system dominated by fossil fuels, and a
consumption system with some use of low-carbon electricity, but where fossil fuels are also
prevalent. This national perspective, however, does not reveal the regional diversity of
Canada’s energy systems. Fossil fuels, as well as hydroelectric resources, are heavily
concentrated in certain geographic areas, which have different trade patterns and provincial
GHG emissions profiles. Finally, the extent of regional segmentation in Canada has political
implications for national-level public policy initiatives.

Oil and gas production is heavily concentrated in Alberta (figure 10). In 2012, Alberta
accounted for 77% of the country’s crude oil production, followed by the neighbouring province
of Saskatchewan (14% of national oil production), and then Newfoundland (6% of national oil
production.
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Figure 10: Crude Oil and Equivalent Production by Province (2012)
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(National Energy Board 2013)

While energy exports have created a national trade surplus in energy products for Canada, a
positive balance of energy trade with the rest of the world is not equally distributed throughout
the country. Figure 11 shows that Alberta’s trade surplus in energy products is much higher
than the rest of the country (a surplus of $72 billion in 2013). Québec runs the largest
international energy trade deficit ($17 billion in 2013). Ontario, New Brunswick, and Nova
Scotia also run energy trade deficits. A major driver of this difference in international trade
patterns amongst provinces is that eastern provinces do not receive significant oil imports from
the rest of Canada, and thus import oil from overseas.
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Figure 11: Energy Product Imports and Exports by Province (2013) 8
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While oil and gas resources are concentrated in provinces such as Alberta, Saskatchewan, as
well as Newfoundland, Canada’s hydroelectric resources also have a regionally segmented
pattern. While about 60% of Canada’s electricity is typically generated by hydroelectricity, the
hydro resource itself is concentrated within a few provinces, principally Québec, Ontario, British
Columbia, Manitoba, and Newfoundland and Labrador (figure 12). Other provincial electricity
systems are fossil fuel intensive, relying on coal and natural gas. For instance, in 2012, Alberta
generated 66% of its electricity with coal, and 21% with natural gas; Saskatchewan generated

8

Imports and exports refer to product sales outside of Canada and do not include inter-provincial transfers. Export
data is based on domestic exports, which includes exported merchandise, which has been substantially enhanced
in value. This definition of exports does not include goods that enter and leave the country in essentially the same
condition.
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54% with coal and 18% with natural gas; and Nova Scotia generated 50% with coal and 21%
with natural gas. Ontario produces the largest amount of its electricity with nuclear (56% in
2012) (Environment Canada 2014, Annex 13).

Figure 12: Electricity Generation in Canada by Province and Fuel Type (2012)
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With some notable exceptions, provincial electricity grids are relatively isolated from one
another. Table 3 displays the share of receipts (imports) and deliveries (exports) to the total
amount of physical electricity available for use within each province (in terawatt-hours for the
year 2013). The table provides percentage values to demonstrate the relative importance of
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imports or exports to each electric system. The table further disaggregates the percentage
values into transfers between other provinces or the United States.

Prince Edward Island is the only province heavily reliant on electricity imports. The province
has a small population and limited non-renewable domestic generation, and imports electricity
from New Brunswick. The volume of these electricity trades is quite small from a national
perspective. British Columbia, Québec, and New Brunswick also have relatively large import
shares. However, they are offset by exports of a similar magnitude. British Columbia’s hydrointensive system (with reservoir storage and dispatch flexibility) allows it to purchase electricity
during off-peak times, and sell it when prices are higher. It is interconnected with the American
Northwest and California. These states have seasonal peaks that are the inverse of British
Columbia’s peak, as well as different types of electric generation (BC Hydro 2014). New
Brunswick’s geographic position facilitates electricity trade. It has transmission
interconnections with Nova Scotia, Prince Edward Island, Québec, and the New England system.
Québec is a large importer from inside Canada and exporter to the US. Electricity transfers from
Newfoundland and Labrador’s Upper Churchill Falls Generating Station make up a large bulk of
Québec’s Canadian imports. These transfers are governed by a long-term contract, which allows
Québec to essentially incorporate the Labrador power plant into its system. Transfers from
Newfoundland and Labrador to Québec comprise 66% of all electricity trades within Canada
(Statistics Canada Table 127-0003). Newfoundland and Labrador is the only province with
significant export shares to other Canadian provinces (over 70% of its available electricity is
exported within Canada).
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Table 3: 2013 Receipts and Deliveries as Percentage of Available Electricity by Province 9
Total
Receipts
as % of
available
electricity
British
Columbia

From US

From
other
Canadian
Provinces

Total
Deliveries
as % of
available
electricity

To US

To other
Canadian
Provinces

12.0%

11.6%

0.3%

12.4%

9.9%

2.5%

Alberta

4.4%

1.0%

3.5%

0.5%

0.1%

0.4%

Saskatchewan

2.3%

0.3%

2.0%

2.4%

0.0%

2.0%

Manitoba

1.2%

0.9%

0.3%

29.0%

26.8%

2.2%

Ontario

3.3%

0.2%

3.1%

14.6%

10.6%

4.0%

Québec

15.0%

0.2%

14.7%

13.8%

11.1%

2.7%

Newfoundland
and Labrador

0.1%

0.0%

0.1%

70.8%

0.0%

70.8%

New Brunswick

15.4%

1.4%

14.0%

18.8%

10.8%

8.0%

Prince Edward
Island

85.4%

0.0%

85.4%

0.0%

0.0%

0.0%

4.2%

0.0%

4.2%

0.0%

0.0%

0.0%

Nova Scotia

(Statistics Canada Table 127-0003)

Other provinces exported a significant proportion of their available electricity, principally to
the United States, in 2013. Manitoba’s hydroelectric based system has traditionally been
export-intensive. Ontario has more recently seen net deliveries increase. Alberta,

9

Available electricity is electricity generation plus total electricity receipts. It signifies the total electricity available
in each province over the course of the year.
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Saskatchewan, and Nova Scotia are provinces that engage in a modest amount of electricity
trades. These provinces are also the most fossil fuel intensive, which suggests that electricity
trades between provinces has yet to occur to promote GHG emission reductions.

A larger volume of electricity trades flow north-south between Canadian provinces and the
United States, rather than between provinces. In 2013, 47.4 TWh were exchanged between
provinces (17.6 TWh excluding deliveries from Newfoundland and Labrador to Québec). In the
same year 72.8 TWh were exchanged with the United States (both deliveries and receipts)
(Statistics Canada Table 127-0003 . With the exception of British Columbia, most provinces
were large net exporters to the US. Figure 13 shows that Québec was the largest exporter to
the US in 2013, followed by Ontario, Manitoba and British Columbia. The north-south direction
of electricity trades should not be surprising given national transmission configurations. The
map in figure 14 shows that most high-voltage transmission lines run towards the United
States. In addition, the Canadian configuration with a few lines running north-south, contrasts
with the United States, where a grid of transmission lines connect states both north-south and
east-west.
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Figure 13: Provincial Electricity Imports and Exports with the United States (2013)
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(Statistics Canada Table 127-0003)
Figure 14: Major North American Electricity Transmission

Map copyright of Canadian Electricity Association. Lines Shown represent 345 kV and above.
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This analysis of electricity trade patterns demonstrates that it is difficult to speak of a
Canadian “national grid”, with significant inter-provincial electricity trading relationships.
Provincial electricity grids are disconnected, and most trades occur between provinces and the
United States. Special cases of significant inter-provincial trade exist, but these present
anomalies. The most significant inter-provincial exchange of electricity involves exports from
Newfoundland and Labrador to Québec, based on the Upper Churchill Falls contract. However,
the contract that creates the basis for this large volume of electricity trade might have
perversely created a legacy that leads to disinterest in facilitating further national grid
configurations. The Upper Churchill contract was negotiated in the 1960s and extends until
2041. It provides a contract price for Québec of 0.25 cents/kwh until 2016 and then 0.20
cents/kwh until 2041.10 These extremely low prices give Québec a significant financial
advantage and have created animosity between the two provinces. The government of
Newfoundland and Labrador contested the contract in court (see Feehan 2009). Froschauer
(1999) explains that discussions on a more comprehensive national grid in the 1960s were
sidelined by the Québec government’s interest in negotiating directly with Newfoundland and
Labrador. The historic example of Newfoundland missing out on significant benefits, could
make other provincial leaders leery of committing to energy trading relationships. The one
example of significant electricity trading is a one-way exchange of hydroelectricity to another
hydro-intensive province, which might have enhanced rather than quelled regional
segmentation.

10

For history of why a lower price was accepted for the second contract period see Feehan and Baker (2007)
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Regional GHG Emissions

This segmented energy landscape also leads to divergences in provincial greenhouse gas
emissions. Figure 15 shows the distribution of Canadian GHG emission production amongst the
provinces. In 2012, Alberta was responsible for 36% of Canada’s GHG emissions, followed by
the most populous province of Ontario. Figure 16 shows provincial emissions on a per capita
basis. Alberta and Saskatchewan have the highest per capita emissions. Both provinces have
significant fossil fuel extraction activities as well as fossil fuel based electricity systems. Québec
has the lowest per capita GHG emissions. The other hydro-intensive provinces (Manitoba,
Newfoundland, British Columbia) fall below the national average, while provinces with fossil
fuel based electricity systems (New Brunswick, Nova Scotia, as well as Alberta and
Saskatchewan) are above the national average.

Figure 17 shows increases or reductions in GHG emissions by province between 2005 and
2012. 2005 is the base year for Canada’s GHG reduction commitment within the Copenhagen
Accord (17% below 2005 emissions by 2020). Emission levels since 2005 also help demonstrate
the regional distribution of the GHG emission decreases experienced in the electricity sector
(see figure 7). All provinces except for Alberta, Saskatchewan, and Manitoba have decreased
emissions since 2005. Ontario’s dramatic emissions decrease is largely explained by a policy to
phase out coal fired electricity generation. New Brunswick and Nova Scotia have also
significantly reduced high-carbon fossil fuel use in their electricity sectors. Both provinces have
increased renewable electricity generation. Higher oil costs reduced electricity exports from an
oil-fired power plant in New Brunswick. Nova Scotia has legislated limits on GHG emissions in its
30

electricity sector, and has aggressively pursued energy efficiency (see Holmes 2012). Alberta
and Saskatchewan’s emissions increases parallel the growth of the oil and gas industry in those
provinces.
Figure 15: Canadian GHG Emissions (699 Mt Co2e) by Province and Territory (2012)
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The provincial distribution of GHG emission decreases and increases parallel national sector
distributions. National electricity sector emissions have decreased, and significant emission
decreases have been achieved within some provincial electricity sectors. National oil and gas
production emissions have increased, and so have emissions in the most prominent oil and gas
producing provinces.
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Figure 16: Per Capita GHG Emissions by Province and Territory (2012)
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Figure 17: Percentage Change in GHG Emissions by Province (2005-2012)
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The segmented nature of Canada’s energy system means that regional interests can strongly
influence climate change politics. It can be difficult to impose uniform climate reduction
policies, such as a carbon price, because of real or perceived differences in regional impacts.
When federal Liberal Party leader Stephane Dion proposed a carbon tax policy in 2008,
opponents argued it would have a disproportionately negative impact on western Canada
(Gunter 2008; O'Neill 2008). Dion lost the election. In 2009 two environmental organizations
released a detailed economic modelling analysis of how Canada could meet federal government
GHG reduction targets and a more aggressive target to reduce emissions 25% below 1990 levels
by 2020 (Bramley et al. 2009). To meet the 25% target, carbon prices would need to be
$50/tonne in 2010 and $200/tonne in 2020. The analysis presented a national picture with a
growing economy, increased quality of life, and higher employment growth. However, it also
demonstrated significant regional differences in GDP, with the most profound impacts in
Alberta and Saskatchewan. Upon its release the Premier of Alberta denounced the
implementation of a carbon price to meet climate targets as a “wealth transfer to Ottawa”
(Audette 2009).

Winfield and Macdonald’s (2012) review of federalism and climate change policy note the
existence of two provincial camps within federal-provincial and inter-provincial negotiations.
The oil producing provinces of Alberta and Saskatchewan have sought to veto national GHG
reduction initiatives, while Ontario, Québec, Manitoba, and British Columbia have forged
alliances amongst themselves and American states to regulate and reduce emissions.
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Thus far, this section has shown that regionally concentrated low-carbon (hydroelectricity)
and high-carbon (oil, gas, and coal) resources, result in a wide regional variation in GHG
emissions. This physical reality, creates regionally distinct political coalitions, and can
significantly complicate the management of climate change policy in Canada. The next section
will investigate regional politics further.

Regional Politics and Canadian Public Policy

The political complications created by different regional interests are not constrained to the
climate and energy policy arenas. Canada’s public policy landscape has been highly regionalized
because of federalist political structures, as well as regionally concentrated resource
endowments and industrialization patterns. The following section provides a review of regional
politics in previous economic policy initiatives and debates, in order to highlight lessons that
could be transferable to climate policy initiatives.

The regional political dynamics found in Canada contrasts with other nations where political
conflict has focused on class dimensions to a greater extent. Reviews of economic institutions in
other nations have highlighted the creation of “social bargains” between labour and capital (see
Cornwall and Cornwall 2001; Boyer 1988). In contrast, political bargains that have facilitated
national social and economic policies in Canada have been constructed to manage regional
political considerations (Brodie 1997). Richard Simeon (1979) stated that instead of functional
corporatism between business and labour, Canada has a system of “territorial corporatism”.
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Thus it has been important to construct political institutions in Canada capable of managing
different regional interests.

Canada’s regional conflicts have cultural as well as economic dimensions. The existence of
French and English populations in the same country has caused strains and the need for
different political arrangements. Québec took an increasingly activist position in favour of
provincial interests after the “Quiet Revolution” in the 1960s, a period of social, economic, and
political change when the province’s French-speaking population asserted greater
independence (see McRoberts and Posgate 1980). In addition, historic divisions have been
drawn between Canada's industrial centres of Ontario and Québec and resource hinterlands
(see Buckley 1955; Fowke 1957). Ryerson (1968) argues that unequal relationships that would
create future conflicts between French and English, as well as core and hinterland economies,
were built into Confederation, which was more of a negotiation amongst business elites rather
than a project to construct a national identity. Simeon (1979) noted in the late 1970s that
histories of regional inequality remain powerful ideas within the federation. This creates the
potential for the populations in provinces to prioritize regional identities alongside the national
identity, and to sometimes promote regional interests over and above the national interest.

Previous attempts to develop national economic strategies highlight the complications
created by regionalism and Canada’s federal institutions, both for initiatives aiming to forge
consensus amongst regions and to coordinate activities between business and government. The
discussion of the implications of regionalism for national economic policy was very active during
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the industrial policy debates during the 1970s, leading up to The Royal Commission on the
Economic Union and Development Prospects for Canada (known as the Macdonald Commission)
in 1985. Jenkin (1983) provides a review of Canada’s diverse economic landscape and
provincial-federal interactions during this time. He explains that provinces viewed federal
industrial policy as a zero-sum game. Policies favouring some industrial sectors over others gave
rise to impressions of provincial favouritism. Jenkin also documented how the challenge of
regional diversity is heightened by the sectoral diversity that exists between provinces and the
homogeneity of economic interests within provinces, often centred on different resource
endowments.

The debate over the National Energy Program, designed to promote national energy security
in oil products, presents an archetypal case of regional conflict. A key element of the national
policy sought to dampen the inflationary impacts of rising oil prices in the 1970s by selling
domestically produced oil to Canadians at prices below the world level. Western provinces,
especially Alberta, viewed this as a policy that aided the oil consuming industrial heartland at
the expense of oil producing provinces (see Doern and Toner 1985). The Progressive
Conservative Party campaigned against the program and won the national election in 1984 with
significant western Canadian support.

The discussions on economic policy leading up to the 1985 Macdonald Commission
increasingly recognized that Canada’s political institutions were not well suited for federally
directed industrial strategies. In Canada, it was difficult to achieve consensus between
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provinces and various business interests, or for one level of government to impose its will on
other levels. Atkinson and Coleman (1989) explained that Canada’s decentralized institutional
structure of government, and lack of centralized business and labour associations did not
facilitate the implementation of the types of national policies and corporatist arrangements
found in Europe. They concluded that an “unheard of political consensus” would be required
for the country to implement a national industrial policy:
“Not only would a party committed to anticipatory industrial policy require a majority in
the House of Commons but probably a significant representative voice in each region of
the country. It would need to design a policy that was perceived to benefit all regions or,
at a minimum, was regionally neutral. Even with such a policy, and a political mandate, a
party may not be free to proceed. It would require, in addition, support in provincial
legislatures or at least an absence of concerted opposition” (Atkinson and Coleman 1989,
p. 195).

The realization of the coordination difficulties inherent in Canada’s institutional arrangements
during this period of intensive discussion on Canadian industrial policy is now echoed in
discussions over national energy and climate policy. Macdonald and Lesch (2013) suggest that
the differences in regional interests respecting energy and climate change, coupled with
Canada’s “institutional weakness”, are the factors that led to the failure of previous national
climate policy initiatives, and are likely to lead to the failure of new discussions on a “national
energy strategy”. They communicate the need for negotiated agreements that find ways to
share the costs and benefits associated with low-carbon transitions. This high-level suggestion
is similar to Richard Simeon’s (1979), observations on the prospects for a Canadian industrial
policy:
“If there is to be such a thing as a national industrial strategy it cannot be the creation of
the federal government alone. It must be developed as a collaborative exercise of
federal and provincial governments together.”
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“At a minimum, any industrial strategy must recognize the regional nature of Canada,
and must be framed so as to ensure a broad regional distribution of benefits.”

In the industrial policy discussions a consensus emerged, which recognized that a Canadian
policy would require intensive federal-provincial collaboration (French 1980, chap. 5). However,
a related observation surfaced from this examination of how to craft a Canadian industrial
policy. This observation highlighted the potential benefits of more decentralized economic
policy coordination, which could lend support to local and provincial strategies in a way that
facilitated the achievement of national objectives. Jenkin (1983, p. 180) stated that the federal
government would need to “tailor industrial policy to regional specialization without losing
sight of the overall national strategy”. Atkinson and Coleman (1989, p. 187) noted that more
persistent relationships between business and government, required for effective policy
implementation, could be found at more decentralized regional and sectoral levels in Canada.
In the 1990s, some provincial scale initiatives demonstrated that provinces could play a role in
facilitating sector-specific economic development plans, such as Ontario’s Industrial Policy
Framework (Bradford 1998) and Quebec’s cluster development strategies (Bourque 2000).

In 2003, Wolfe and Creutzberg looked back on this history of industrial policy discussions
in Canada. They stressed that the context had changed. A more knowledge-based economy
makes local and regional networks key innovation catalysts, because economic actors
increasingly access critical knowledge inputs from their external environments. In this new
situation, they note that the lack of strong centralized direction over economic policy or the
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inability to forge a national consensus amongst different regions becomes less important. They
state:
“In fact...the very factors perceived as sources of strength for economic development
strategies in the old industrial paradigm of the postwar era no longer hold in the
emerging knowledge-based economy. The perceived sources of weakness [of Canada]
may prove to be exactly the opposite” (Wolfe and Creutzberg 2003, p. 51).

Wolfe and Creutzberg’s analysis of both Canadian institutions and technological paradigms,
underlines that changing technological and economic dynamics can alter the degree to which a
given institutional characteristic can present weaknesses or barriers.

To conclude this brief review of regional politics in Canadian policy debates two observations
can be made that should be considered in attempts to transition the Canadian economy away
from high-carbon energy sources. First, regional considerations are a basic feature of Canadian
politics and public policy. The country’s political institutions equip provinces with a large
amount of power. In addition, the diversity of Canada’s regional economies and cultures
enhances regional segmentation. Divergent regional interests create a tendency for provincial
leaders to focus on the distributional consequences of national policies. Given the highly
regionally segmented nature of Canada’s energy production and GHG emission profile, different
regional interests promise to present a particular challenge to Canadian climate policy
initiatives. The second observation is that previous thinking on the design of Canadian industrial
policies aimed at promoting economic change, highlighted the advantages of more
decentralized sectoral and regional strategies that could be encouraged to also meet national
objectives. Furthermore, the growing importance of knowledge-based industries and new

39

technological paradigms could mean that a multi-level and networked institutional
configuration could be more appropriate. It is possible that low-carbon technologies, many of
which are more intricately embedded in local and regional economies, could provide a good fit
for a Canadian institutional configuration that aims to meet national climate objectives by
harnessing local and regional forces.

The history of industrial policy discussions on the subject of regional conflicts, as well as
the reflection on these discussions in light of new technological changes, highlights that the lack
of harmonization inherent in Canada’s regionalized institutional structures might not present
insurmountable barriers to low-carbon transitions. Coordination does not need to imply
uniformity, especially if important technological dynamics take place at sectoral and regional
levels. Nevertheless, a policy framework more reliant on bottom-up techno-economic forces
would still need to steer and manage these dynamics, while considering regional politics in
Canada. These observations point towards the value of facilitating greater understanding of
Canada’s diverse and regionalized technological dynamics, as a step towards considering the
nature of Canadian-wide low-carbon transitions.
2.5 Innovation Underperformance?

A consideration of Canada’s economic, institutional, and political context and its influence
on low-carbon transitions should not only incorporate existing structural and political
characteristics, such as the role of resource exports and regional politics, but also the manner in
which Canada transforms its economy through innovation. Innovation is the process of
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changing the established order of things by introducing, for instance, new products, new
methods of production, new sources of supply, the exploitation of new markets, or
development of new ways of organizing business. While “invention” refers to the first
occurrence of the idea of something new, innovation concerns taking the actions required to
put new ideas into practice (see Fagerberg 2005). A nation with strong innovation capabilities
can more easily alter its economic activities to improve economic, social, and environmental
well being, adapt to global economic changes, and exploit new opportunities.

Recent national economic policy debates highlight Canadian innovation challenges. These
debates raise questions regarding a potential perennial problem of innovation
underperformance: how should we understand the nature of innovation in Canada’s context?
What policy approaches are best suited to promote innovation? A discussion of wider
innovation policy challenges helps shed light on issues likely to be confronted by initiatives to
promote low carbon technological development.

The national innovation policy debate has largely pointed to indicators demonstrating
reduced productivity. Productivity refers to the amount of output produced from given levels of
input. The Centre for the Study of Living Standards (Gafni and Sharpe 2005) explains that
technological innovation is the best way to augment per capita income, since increasing
productivity through greater labour effort (e.g. longer working hours), and improved terms of
trade can only increase income growth in the short to medium term.
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In 2009, the Council of Canadian Academies, through an Expert Panel on Business
Innovation, sounded an alarm bell concerning Canada’s lagging innovation performance since
the turn of the 21st century. They draw attention to indicators demonstrating lower multi-factor
productivity growth, and a decline in business investment in Research and Development (R&D)
since 2001. They also noted factors such as “deficient business management skills”, low
machinery and equipment investment (particularly in Information and Communications
Technology [ICT]), and a tendency for Canadian companies to be technology followers rather
than leaders. These patterns coincide with the collapse of the information technology boom,
declining manufacturing activity, and the growth of Canadian crude oil exports.

This is not a new issue. W.T. Easterbrook’s (1957) long-period analysis of Canadian
economic history noted a “pattern of persistence” rather than “transformation”. During the
1960s and into the 1980s policy thinkers became increasingly concerned with perceived
structural weaknesses in the Canadian economy. Canada’s manufacturing sector was described
as being inefficient, small scale, and technologically unsophisticated compared to competitors.
There was concern that Canada was vulnerable to US import restrictions and too dependent on
natural resource exploitation. The oil shocks of the 1970s introduced the conception of natural
resource limits, and a high exchange rate for the Canadian dollar diminished export
competitiveness (see French 1980, chap. 5). Under this backdrop, a debate emerged between
two government advisory boards: the Economic Council of Canada and the Science Council of
Canada. The Economic Council (1975) endorsed a strategy of free trade to enhance competitive
intensity, and access to larger markets to enable domestic economies of scale. The Science
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Council endorsed a more activist industrial policy, with strategies based on direct intervention
to regulate technology imports, increase domestic demand for Canadian technology, and
enhance the capacity to develop and absorb new technologies (Britton and Gilmour 1978). In
1985 The Royal Commission on the Economic Union and Development Prospects for Canada
(The Macdonald Commission) recommended that the government prioritize free trade, while
intervening selectively to create Canadian comparative advantages in the face of market
failures.

Today, there is debate regarding the extent to which innovation underperformance is
influenced by the change in the structural composition of the economy. Energy and resource
exports have increased, and the share of manufacturing in the economy has declined. There is
also concern about Canada’s role in a “knowledge-based” economy. Energy products have
increased as a percentage of exports (see figure 8), but energy as a share of overall GDP has not
increased significantly since 2000, actually reducing slightly from 10.6% of GDP in 2000 to 9.7%
in 2013 (oil and gas extraction itself was 6% of GDP in 2013). This is close to the contribution of
the entire manufacturing sector, which was 10.6% of GDP in 2013. However the share of
manufacturing in national production has decreased to this level from 15.8% in 2000 (Statistics
Canada Table 379-0031).

There is also concern for Canadian performance in knowledge-intensive sectors and sectors
that could become important in the future. Canada’s information and communications
technology sector has produced success stories, such as Nortel and Research in Motion, and the
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sector continues to have a high R&D intensity. However, the ICT sector’s performance has
declined since 2001, coinciding with the bursting of the technology bubble. Canadian
companies also have a low rate of ICT adoption (see Expert Panel on Business Innovation 2009,
p. 198-210). Clean energy technologies are often highlighted as an emerging sector, which
could become an increasingly important economic driver. A review of Canada’s clean
technology trade patterns by The Conference Board of Canada (Goldfarb 2010, p i) found that
“Canadian businesses have generally failed to seize new – or even maintain existing –
opportunities to sell climate-friendly technologies globally, and they have adopted other
countries’ technologies more slowly than the world average”.

The role of the oil and gas sector in Canadian innovation and productivity performance has
received particular attention. Using conventional indicators, Canada’s oil and gas sector is
viewed as being more of a drag than a contributor. R&D is one of many inputs to innovation
and productivity, but commonly used as an important indicator. The Expert Panel on Business
Innovation (2009, p. 54) noted that Canadian business investment in R&D as a percentage of
GDP is consistently below the OECD average. Figure 18 shows that mining and oil and gas
extraction invested about 0.5% of its revenues in R&D, and the petroleum and coal products
manufacturing sector invested 0.4%. This level of investment is lower than the average of 1.7%
across all industries, and much lower than “innovation intensive” industries such as aerospace
and communications equipment manufacturing. Figure 19 demonstrates that the oil and gas
sector has experienced a dramatic decrease in multi-factor productivity between 2000 and
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2012. Multi-factor productivity is viewed as an output-based innovation indicator stemming
from technological innovation, organizational change, and economies of scale. 11

Figure 18: R&D Intensity by selected business sectors in Canada (2008)
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11

Statistics Canada (2014) states that multi-factor productivity “measures the extent to which the combined inputs
of labour and capital are efficiently used in the production process. Improvements in multifactor productivity are
associated with technological and organizational changes.”
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Figure 19: Percentage Change in Multi-Factor Productivity in Selected Sectors (2000-2012)
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However, these indicators might not provide a complete picture of the oil and gas sector’s
influence on productivity. Bradley and Sharpe (2009) explore a number of reasons for falling oil
and gas productivity, and find the most likely cause to be higher prices making it more
profitable for companies to extract marginal deposits. They note that the higher prices have
boosted Canadian incomes by improving Canada’s term of trade. In addition, they present
survey and publication data demonstrating that Canada is seen to be on the technological
frontier of oil and gas extraction.

In addition, traditional indicators based on innovation inputs (e.g. R&D) and outputs (e.g.
multi-factor productivity) might fail to capture the role that resource sectors could play in
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promoting innovation in the wider economy. Hawkins (2012) notes that high investments in
R&D as a percentage of revenues are characteristic of industries such as information and
communications, but might not reveal the true picture of innovation in resource-based
industries, which are particularly relevant to Canada. Simply because an industry is not R&D
intensive, does not mean that important process innovations or social, organizational, and
cultural types of learning are not taking place.

Beyond considering the internal performance of resource sectors, linkages or interactions
between resource sectors and other sectors of the economy could have important macro
effects. Economic policy debates in Canada have highlighted negative interaction effects
between the energy boom and other sectors. In particular, speculative activity in the oil and gas
sector has increased the value of the Canadian dollar, which makes all exports less competitive
(Stanford 2008; Spiro 2013; Beine et al. 2012).

However, there is potential for resource sectors to produce positive linkages or interaction
effects with other sectors and technologies. Hawkins (2012) highlights this potential. He notes
that resource sectors have long supply chains, requiring them to purchase goods and services
from other sectors to operate, as well as deep value chains, requiring them to undertake a
number of activities to produce the products and to find value for these products in different
markets. These characteristics suggest the need to take a more systemic perspective on
resource sector interactions within larger networks that incorporate different technologies,
markets, and social practices. While sectors such as information and communications
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equipment are principally focused on product development, the resource sectors play their role
on each side of the product value chain, as either consumers of products or as suppliers of key
inputs. Thus the role of resource sectors in an innovation system might not principally relate to
R&D directed towards product development. Rather these sectors can play a role in creating
new markets for resource products, and finding new uses for already existing products. The
effect of these activities might not readily show up in multi-factor productivity statistics within
the resource sector. The sector might still play a role in generating “entirely new forms of
value”. Hawkins argues that recognizing the role of the resource sector in innovation is part of a
“uniquely Canadian perspective”. He calls for reframing the Canadian innovation debate “in the
specific context of [Canada’s] own industrial history and composition” (Hawkins 2012, p. 8). He
raises questions that go beyond the indicators, calling for us to consider exactly how Canada
innovates given its geographic and institutional advantages and disadvantages.

While macro indicators points towards potential innovation problems, there appears to be a
consensus amongst the innovation policy community on the need to conduct micro-level
analyses in order to understand the particular nature of innovation within and between certain
industries, relevant to Canada, including the natural resource industries. The Council of
Canadian Academies states that there is no “one-size-fits-all remedy” to enhance business
innovation, and that innovation policy needs to be “informed by a deep understanding of the
factors that influence business decision makers, sector by sector,” requiring “forms of microanalysis of the innovation process” (Expert Panel on Business Innovation 2009, p. 11).

48

Furthermore, a number of commentators have suggested the need for policy strategies
capable of grappling with the specific barriers and opportunities within sectors and geographic
areas. Jim Stanford (2012) recommends a series of sector development councils, developed by
the federal government in cooperation with the provinces, and economic actors such as
business, labour, financial institutions, and research institutes. Creutzberg (2011) suggests that
innovation strategies build from the strengths found in regionally specific networks. These
proposals for more sector specific and geographically specific approaches because of
differences in innovation contexts, reinforces the suggestion for more decentralized industrial
policy strategies that stem from consideration of Canada’s regionalized institutional make-up
(section 2.4). The innovation patterns connected to Canada’s natural resource endowments and
natural resource based industries are particularly important context-specific innovation
patterns to comprehend.

Innovation and Low-Carbon Economy

The previous section’s discussion of Canadian innovation policy debates highlighted the
importance of resource sectors to understanding Canadian innovation patterns, because of the
influence resources can have on the overall economy through positive or negative interactions
with other sectors. The previous section also highlighted an emerging consensus on the need to
consider sector and geographically specific innovation patterns.
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These national innovation policy debates are relevant to the challenge of low-carbon
transitions because a Canadian pattern of innovation underperformance could act as a barrier
to achieving environmentally beneficial structural changes. The wider discussion also highlights
analytical issues and policy problems that could relate to low-carbon innovation. However the
innovation policy debate does not completely overlap with the subject of low carbon transitions
because it is primarily concerned with productivity and its implications for long-term economic
growth. The environmental imperative to reduce GHG emissions is not prominently discussed in
innovation policy documents. However, environmental technologies are mentioned in the
context of being a potential growth sector for Canada (see Expert Panel on Business Innovation
2009; Stanford 2012).

The divergence between low-carbon transitions and Canada’s innovation discussion exists
because structural transformation and productivity improvements are not necessarily related in
a linear fashion. Structural changes can create massive productivity improvements during later
diffusion stages, while new technologies during their initial stages of development are not often
particularly productivity enhancing, and could disrupt the trajectories of existing technologies
(see Perez 2002). A low carbon transition involves structural change towards dramatically
reduced GHG emissions, which implies directing innovation towards this social and
environmental goal as well as the disruption of other sectors. Studying low-carbon transitions is
not necessarily congruent with studying incremental productivity improvements within existing
economic structures. To illustrate this point, consider that a narrow concern with productivity
could involve monitoring the coefficients within an input-output table. This is not the same
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thing as structural change. As Christopher Freeman (1992) points out, radical innovation would
add new columns to an input-output table, and changes in technology systems would give rise
to entirely new sectors. Technological revolutions involve core technologies, such as electric
power, that affect “directly or indirectly almost every other branch of the economy” (Freeman
1992, p. 195-196). Conceivably technological revolutions introducing a new paradigm could call
for entirely different ways of measuring economic performance. 12

The debate over innovation in the oil and gas sector presents a relevant example of the
difference between the trajectories created by innovation versus the level of innovation. The
previous section noted evidence presented by Bradley and Sharpe (2009), which suggested that
Canada was on the technological frontier of oil and gas extraction, and that high oil prices
improved Canada’s terms of trade. However, we could also ask if Canada would be resilient in
the face of oil price shocks that could decrease the terms of trade, and if technological
development focused on extraction is a socially and ecologically desirable innovation trajectory.
The ability to transition from old economic structures towards new ones is not primarily
concerned with optimizing productivity within a particular sector. It also considers the ability to
rapidly redeploy economic resources towards new sectors of the economy in the face of
different economic, social, and ecological objectives.

12

See for example Gollop and Swindland’s (2001) suggestion for a Total Resource Productivity measure, which
would account for changes in environmental quality; Osberg and Sharpe’s (2002) Index of Economic Well-Being;
and The World Happniness Report (Helliwell et al. 2013).
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The primary question in low-carbon transitions studies with respect to the energy sector
concerns its ability to change its structure and innovation trajectory. Commonly used
innovation indicators (R&D investments and multi-factor productivity) suggest that energy
sectors are less innovation intensive. In addition to low R&D investments and multi-factor
productivity declines in the oil and gas sector, Canada’s electric generation, transmission and
distribution sector invested only 0.6% of its revenues in R&D in 2008 (compared to 1.7% all
industry average), and the utility sector experienced multi-factor productivity declines between
2000 and 2012 (Figures 17 & 18). These indicators could point towards a lack of transformative
potential due to a lower level of technological innovation and adoption. However, these
indicators only present clues rather than definitive answers on the level and direction of
innovation. A closer look at the structures of energy sectors is required to have a more
complete picture.

Barriers to the structural transformations of energy sectors present themselves, as a
number of factors combine in both the oil and gas and utility sectors to create significant inertia
within their existing development trajectories. The oil and gas sector is capital intensive and
dependent on large infrastructure networks for product transportation. Economies of scale
create an oligopolistic, globalized industry structure (see Karl 2007; Unruh 2000). These
characteristics are quite different from the low capital intensity, networked, and modular
nature of the “innovation intensive” information and communications technology sector (see
Castells 2000).
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Hughes (1983) describes the electric utility sector as a Large Technical System, meaning an
interrelated network of physical components, organizations, and institutions with propensity to
develop internal momentum and expand. Markard (2011) notes that many characteristics of
Large Technical Systems hinder the potential for fundamental change. He lists capital
intensiveness and long lifetimes of existing assets; high levels of regulation and government
involvement, which can introduce political rigidities; low competitive intensity due to the
existence of natural monopolies; finally, he notes that the utility sector has a high level of
“systemness” because of strong complementarities between different physical as well as
institutional components.

These characteristics suggest that promoting transitions in the energy sector is likely to be
particularly challenging. The geographically specific warning that Canadian business has
struggled to promote innovation throughout its economic history, and that this problem has
rebounded since the turn of the century likely compounds this challenge. However, while
acknowledging the different objectives of low-carbon transitions versus more narrowly
economically focused innovation policies, the innovation policy debates highlight important
issues related to how Canada’s economy changes and transforms, or fails to do so. These issues
could be relevant to the low-carbon transition challenge. Understanding low-carbon transitions
in Canada can be enhanced by examining the systemic interactions between resource sectors
and low-carbon technologies, as both oil and gas and electric utility sectors are strongly
interrelated with other industries through supply and value chain linkages. These interrelations
could be a source of rigidity and resistance to transformation. There is also potential that

53

specific combinations of technologies involving resource and non-resource sectors, as well as
organizational and institutional innovations, could help trigger low-carbon trajectories. Such
trajectories will be rooted in specific sectoral and geographic dynamics, requiring micro-level
analyses of specific innovation processes.
2.6 The Canadian Low-Carbon Transition Challenge

An examination of geographic, political, economic, and institutional characteristics of the
Canadian federation and the influence of these characteristics on GHG emissions reveals a
number of challenges. Canada’s fossil fuel dependency stems from end-use energy systems
(such as transportation) as well as a growing fossil fuel export sector. While GHG emissions
related to domestic consumption are expected to level off in Canada, but not decrease
significantly, emissions from the production and extraction of fossil fuels, primarily for export,
have driven emission increases and are projected to continue to do so. However, Canada’s
electricity sub-sector has relatively low carbon intensity due, in large part, to the availability of
hydroelectricity. The electric sector has decreased its emissions in recent years, and the
hydroelectric endowment is a unique characteristic of Canada’s electricity system compared to
other nations.

Canada’s energy resources are highly regionalized. A uniform Canadian energy system does
not exist. Rather, a series of somewhat disconnected regional systems create a diverse energy
landscape. Alberta and Québec present extremes along the high carbon and low carbon
spectrum, and can provide “ideal types” (Weber 1949) of Canada’s divergent energy systems.
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Alberta produces 77% of Canada’s crude oil and has an energy product trade surplus that
towers over other provinces. It is the highest absolute greenhouse gas emitter and the second
highest per capita emitter amongst the provinces. Alberta’s GHG emissions have also grown the
fastest since 2005. Alberta’s electricity system is based on coal and natural gas, while Québec
produces the largest share of the country’s electricity, with low-GHG hydro resources. Québec
has the lowest per capita emissions amongst the provinces, and has achieved emission
reductions. It is the largest absolute electricity exporter to the United States. However its
importation of other energy products, such as oil, gives it the largest energy product trade
deficit amongst the provinces.

Canada’s historic development patterns and more recent debates regarding structural
changes since the turn of the century warn that Canadian business has not succeeded in
promoting innovation. This pattern of innovation underperformance could impact efforts to
promote environmentally beneficial structural changes in energy sectors and related industries.
Canada’s innovation indicators might not only signal reduced productivity, but also a pattern of
lock-in within existing economic structures rather than a capacity to alter economic activities
when faced with undesirable economic, social, and ecological consequences. However, these
problems might stem from a lack of understanding regarding exactly how Canada can leverage
its energy and resource sectors to promote innovation within the national economy. The
innovation policy discussion highlights the need to formulate a better understanding of
Canadian patterns of persistence and economic transformation, while confronting the
challenge of transitioning to a low-carbon economy in this century.
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Section 3: Theory and Methodology

Theoretical Frameworks

This dissertation will draw insights from two theoretical frameworks, known by the general
titles of sustainability transition studies and Canadian political economy. The combination of
these theoretical frameworks helps explain patterns found in the Canadian context, while
offering analytical tools to explore innovation dynamics. The following section will briefly
introduce both frameworks and then discuss similarities, differences, and complementary
insights, followed by a discussion on methodology. The introductory essay will outline how
these frameworks helped shape the general approach taken in the dissertation. Theoretical
insights guided topic selection, problem definitions, and methodological choices. Take note that
each article within the dissertation (see appendices) contains a separate discussion on theory
and method.

3.1 Sustainability Transitions Studies

This section will provide a description of the emerging field of sustainability transitions
studies. It outlines the notion of a transition and theoretical buildings blocks based within
evolutionary economics, systems of innovation, and complexity theory. It then briefly presents
the multi-level framework and technological innovation system approaches, commonly found
within the literature. Finally, the section highlights potential extensions of transitions
56

frameworks towards a more explicit consideration of geography and interactions between
technological systems. The dissertation will argue that these extensions are relevant to the task
of studying transitions in the Canadian context.

The field of sustainability transitions studies is relatively new. The first international
conference took place in June 2009 (Sustainability Transitions Research Network 2010). The
primary idea behind a transitions approach is that sustainability cannot be solved via
incremental changes within prevailing system structures. Rather the move towards
sustainability requires structural changes, involving redesign of consumption and production
systems. This will require technological change as well as changes in a variety of other social,
political, cultural, and institutional dimensions.

Transitions scholars use the term “lock-in” to describe the rigidity of unsustainable systems
(Unruh 2000; Scrase and MacKerron 2009). Lock-in refers to a structure with a constant
trajectory, resistant to change. The inertia of the system is supported by multiple factors that
combine and reinforce one another. The factors that maintain lock-in can include political
power, government regulations, cultural norms and institutions, large infrastructures,
interrelated technologies, and existence of economies of scale and scope. Changing one
element of this system, or changing economic incentives within an unchanged structure, are
unlikely to be adequate policy responses.
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Policy focused on achieving sustainability needs to consider how societal structures change.
This is not a narrow proposition, since it must consider the multiple factors that contribute to
lock-in. This includes “realism about the complex political and socio-economic system in which
policies need to be implemented and to function” (van den Bergh, Jeroen C.J.M. et al. 2011, p.
8). In addition to policy realism, transition studies also recognize the role of the social and
institutional context in determining which technologies we use and how we use them. The
literature makes reference to “socio-technical” systems (Bijker 1995). This wide purview means
transition studies welcomes insights from multiple disciplines, including economics, political
science, public administration, science and technology studies, history, and engineering.

To incorporate the socio-technical understanding of transition processes, this section will
adopt a wide definition of technology. As discussed by Nye (2006) the exact definition of
technology is unclear. Nelson (2003) distinguishes between physical technologies and social
technologies. Social technologies include institutions and organizational structures. Likewise,
Lewis Mumford (1934, p. 110) highlighted that physical machines are integrated with social and
economic systems, stating, “The machine cannot be divorced from its larger social pattern; for
it is this pattern that gives it meaning and purpose”. For brevity’s sake this section of the
dissertation will use technology to refer to both physical artefacts as well as social systems
constructed by humans.

A transition is not a revolutionary pattern. Rotmans et al (2001, p. 16) describe it as a
“gradual, continuous process of change where the structural character of a society (or a
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complex sub-system of society) transforms”. The model of change in transition studies is
evolutionary. Transition studies are strongly influenced by related literatures on evolutionary
economics, systems of innovation, and complexity theory.

Evolutionary economics describes a model whereby structures narrow the range of feasible
technologies, but where these structures can also change over time. Nelson and Winter (1982)
outline an evolutionary theory of economic change. Their model identifies the consequences of
actor searches for new technologies or routines. A search process is necessary since the theory
recognizes that actors have imperfect information, or bounded rationality. These actors can
either imitate technologies already available, or they can innovate (mutate to use an biological
metaphor) to create new technologies. The number of technologies in an economy and the
characteristics of these technologies change over time because innovation produces greater
technological diversity and already available technologies self-replicate as more actors imitate
or adopt them. A process of “selection” occurs when technologies encounter their wider
environment, whereby certain technologies succeed and others fail to be adopted.

Nelson and Winter (1982) show that the micro dynamics of selection, variation, and selfreplication combine to produce “natural trajectories” of cumulative advance and learning. Selfreinforcing dynamics are created as the “selection environment” excludes particular options,
and as actors change their search behaviours to meet the demands of this environment by
imitating well performing technologies, or producing incremental innovations that are expected
to perform well. The market plays a selection role, but the selection environment term
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communicates something broader than simply market forces (Kemp 1994, p. 1031). A selection
environment can also be comprised of cultural, political, regulatory, and geographic influences.
Some elements of the selection environment can be physical (e.g. island environments), but
many other elements are less static since they were created by previous technological
evolutions. As technologies develop, they build up structures by combining with other
technologies and new systems or networks. These networks can include associated
infrastructures, forms of knowledge, and regulatory systems. The level of complementarity with
existing technologies can determine if a new technology will survive or not. A selection process
that excludes certain technological options is useful because it provides feedback on how actors
can improve performance and efficiency (through imitation or incremental innovation) (see van
den Bergh et al. 2007). However, the dynamics of selection and imitation can also lead to an
undesirable lock-in situation that exists because of the particular historic trajectory followed.
The evolutionary trajectory that led to an actually existing economic structure does not
necessarily produce the best or optimal result.13

In the evolutionary perspective having a diversity of technologies (which includes physical
technologies, organizational forms, products, strategies etc.) creates the potential for structural
change. Innovation is the process that creates more diversity (van den Bergh et al. 2007). A new
innovation can induce structural changes because it has systemic effects. For a new product,
process, or type of organization to be successful it often requires that other technologies

13

David’s (1985) history of computer keyboards provides a seminal example of how a technology with a lower
performance can be selected. Arthur (1989) presents a model explaining how historic events can influence
competition between technologies with increasing returns to adoption.
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undertake subsequent changes. This can include the development of new infrastructures,
related forms of knowledge, complementary regulatory changes, and new inputs. Hughes
(1987) refers to this expansionary dynamic that widens social and technical networks as
“technological momentum”. Because of an innovation’s systemic effects, a new technology not
only threatens to take away market share from existing products, it also induces structural
evolutions that change the type of market, or the selection environment, itself. Christensen and
Raynor (2003) call this “disruptive innovation”. Schumpeter (1942) recognized the potential for
structural change when he discussed how innovations lead to “creative destruction”.

Many innovations will fail because they cannot mobilize enough technological momentum
or survive against the pressures of the existing selection environment. However, a few
innovations, or perhaps a combination of them, can break through to change the trajectory of
economic evolution. Diversity is important to increase the potential for this change to occur,
since it presents more social and technological options that can be selected. In reality, diversity
is present in economic systems because there are diverse selection environments created by
different physical geographies, as well as regulatory and institutional environments. The search
processes described in Nelson and Winter’s (1982) model are often local, so different
evolutionary dynamics can occur in different places. New technologies can also be deliberately
protected from selection pressure by governments, businesses, consumers and other economic
actors. In addition, a technology can perform at a level that enables survival within an existing
selection environment, but also has the potential to change its environment from within by
unleashing new innovations or forging combinations with other technologies.
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Innovation is fundamental to understanding economic change from an evolutionary
perspective. A closely related literature on Systems of Innovation highlights the different
interactions between firms, organizations, research institutes, infrastructures, and actors to
initiate, import, modify, and diffuse new technologies (Lundvall 1992; Freeman and Soete 1997;
Edquist 2004). This literature explores the diversity of institutional contexts, which produce
different technologies and have different methods of promoting innovation. This school of
thought also highlights that evolutionary search processes and selection environments differ
between nations (Nelson 1993), sectors (Malerba 2004), and regions (Asheim and Gertler
2005).

The focus on the role of systems, interactions, and the existence of many different elements
in the process of innovation and structural change creates the transition perspective’s close
alignment with ideas found in complexity theory (see Beinhocker 2006). Complexity theory
incorporates the idea that activities and interactions occurring on a micro scale can produce
large-scale effects. An “emergent property” is a characteristic of the system as a whole that is
not a property of any of the components within the system. The concept of emergence helps
explain important elements of the sustainability transitions perspective. Unsustainable levels of
greenhouse gas emissions can be understood as an emergent property of existing social and
economic systems.
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This idea directs analytic focus towards understanding the underlying dynamics that
maintain a high-carbon system, as well as the processes that can shift economic activities
towards the direction of a low-carbon society. Studying underlying factors is inherent in the
idea of an innovation system. A technology is adopted or deployed because of dynamics within
the system within which it is embedded. A system might fail to deploy a technology because of
a series of blockages, bottlenecks, or “system failures” related to, for instance, infrastructure
systems, institutions, network interactions, and capabilities (Klein Woolthuis et al. 2005), or
political and social factors (Meadowcroft 2011). Fixing these problems within a system might
require interventions in domains that seem quite unrelated to GHG emissions.

Larger-scale changes in economic systems can also be described as an emergent property of
micro-scale innovations. A single technology, or combination of multiple technologies, can have
systemic effects. Nathan Rosenberg (1982, chap 3) emphasizes how systemic factors such as
complementarities with other technologies, ongoing incremental improvements, and interindustry relations play a large role in determining the ultimate influence of a single innovation.
While transitions studies start from a very global perspective, with high-level ambitions of
encouraging comprehensive structural change to fight climate change and environmental
degradation, practical research in this domain is often focused on micro analyses of new
technologies or the mid-level dynamics of economic sectors (see Bergek and Jacobsson 2003;
Kamp 2008; Negro et al. 2007; Verhees et al. 2013; van Alphen et al. 2009; Hofman et al. 2004).
The roots of larger transitions can be found within the study of micro-technologies and their
interactions with larger systems.
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Sustainability transition scholars have developed analytical frameworks to explore different
innovation dynamics, from micro to macro scales. The multi-level perspective (MLP) and
technological innovation systems (TIS) approach are commonly used. The MLP is a framework
developed from the examination of long-period histories that resulted in technological and
social changes in the way societal functions such as transportation, communication, or
electricity were provided. The MLP framework incorporates the study of structural change
processes in production and consumption systems. The structure created by a dominant sociotechnical system is encapsulated in the concept of the “regime”. New technologies, with
nascent social configurations, are described as existing within a “niche”. Finally, landscape
factors incorporate macro phenomena and can influence both of these levels (Geels 2002).
Different niche-regime-landscape patterns are used to describe transitions pathways (Geels and
Schot 2007). This framework corresponds with evolutionary theory because it encompasses
micro dynamics by describing a niche insulated from the selection pressure of the regime, and
the potential for niche developments to change the regime and produce macro-level effects. It
also describes how the regime-level selection environment changes from time to time as a
result of landscape pressures.

The MLP has informed the Transitions Management and Strategic Niche Management
policy approaches. Strategic Niche Management (Schot and Geels 2008; Hoogma et al. 2002)
focuses on how to successfully develop innovations within protected spaces. Transitions
Management (Rotmans et al. 2001; Kemp et al. 2007) aims to direct policy interventions across
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all three levels of the MLP. The creation of visions and long-term goals are interventions
targeted towards the landscape and regime levels; actors can prepare the regime for
transitions; and policy support for a series of experiments can help develop niches.

The Technological Innovation Systems (TIS) framework is an analytical tool used to assess
innovation performance and direct policy interventions in technology-specific systems (Bergek
et al. 2008; Hekkert et al. 2007). It focuses on the multiple activities or processes that can be
initiated to promote technological momentum. These activities or processes are labelled
system functions. Examples of functions include knowledge development and diffusion;
guidance of the search; creation of political legitimacy; and market formation (see article #2
(Haley In Press) for a complete list). The functions build up the technological innovation system
structures, which in turn feedback to support the functions.

The frameworks used in sustainability transition studies have encountered criticisms and
suggested extensions. Scholars have recommended further research on the geography of
transitions and consideration of interactions between technologies and larger innovation
systems. Coenen, Bennewoth, and Truffer (2012) suggest the lack of spatial analysis in
transition analytical frameworks produces some gaps in our understanding of change
processes. The MLP discusses different “levels” based on a sociological concept of structuration
(Geels 2011; Giddens 1984). The levels do not refer to geographic scales. Coenen et al (2012)
note that while the MLP identifies how transitions can occur as niches grow and gain
momentum, it does not answer why such a process occurs or fails to occur. The niche and
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regime dynamics that MLP patterns describe materialize because of the actions and strategies
of actors that are embedded within particular geographic contexts. They note that the
development of a niche can have both local and global dimensions. A niche can develop
through a combination of local interactions, as well as global linkages created via networking
processes or as a result of gaining access to exterior markets. With respect to TIS studies,
Coenen et al. (2012) also highlight the incomplete description of context. While an analysis of
system functions can aid policymakers, they suggest the need to also recognize that certain
socio-technical visions will have a higher or lower probability of success in particular places over
others. They note that without a consideration of spatial dimensions, transition frameworks
threaten to generalize patterns that might not apply to other contexts. Grounding transition
studies within a conception of scale would help us better take notice of the barriers and
opportunities within particular geographic places.

Another new research agenda within transition studies involves broadening the technologyspecific analysis of the TIS approach to consider interactions between multiple innovation
systems (Jacobsson and Bergek 2011). Sanden and Hillman (2011) provides an analytical
framework that examines how interactions occur because of structural overlaps between
different technologies. These overlaps can be physical in nature or connected through supply
chains, but they can also involve socio-technical considerations such as the shaping of the
regulatory environment or cultural attitudes. They identify various types of complementary or
competitive interactions between technologies in their case study of renewable fuels in
Sweden. These relationships shift over time. Certain complementary or competitive
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relationships can conceivably be encouraged or discouraged by policy interventions or actor
strategies.

These suggested extensions are in many ways re-incorporating insights from precursor
analytical frameworks that helped define sustainability transition studies. The systems of
innovation literature implicitly described the comparative institutional advantages of national
and regional contexts. The term National System of Innovation was first used within Freeman’s
(1987) detailed examination of how Japanese policy and institutions influenced its rise in
science and technology. The importance of inter-industry linkages and complements also holds
a prominent place in earlier writings on innovation. For instance, Nathan Rosenberg (1963)
emphasized the importance of complementary technological interactions, noting that
“convergence” occurred between technologies as diverse as firearms, sewing machines, the
bicycle, and the automobile because they shared production processes and faced similar
development problems. As will be demonstrated more thoroughly in the articles, this
dissertation finds that the consideration of geography and technological interactions is
especially relevant to the study of Canadian low-carbon transitions.

3.2 Canadian Political Economy

The evolutionary frameworks that inform transitions approaches, as outlined in the
previous section, highlight the importance of context. Evolutionary patterns demonstrate that
divergent trajectories can occur because of small differences in technological diversity,
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interactions, and characteristics of the selection environments. To study how and why
particular evolutions and transformations occur, a detailed understanding of past and present
contextual factors is required. The section above outlined how the “systems of innovation”
literature traces the consequences of different national, regional, and sectoral contexts to
technological performance and the nature of different transition processes. Furthermore,
transition scholars have more recently emphasized the need to deepen the consideration of
geographic factors and to study technological systems within their larger contexts.

This dissertation is interested in enhancing the understanding of low-carbon transitions in
the Canadian context. While the sustainability transitions literature provides an analytical
framework to explore processes of change, it can be complemented by theoretical insights that
outline the particularities of the Canadian situation. This can be found within the scholarly
tradition of Canadian political economy, a literature that provides insight into the country’s
historic and geographic conditions. The following section will provide a summary review of this
theoretical tradition in order to better elucidate contextual factors relevant to Canadian
patterns of political and economic change.

Canadian political economy is closely associated with the “staples approach” pioneered by
Canadian economic historians Harold Innis and W.A. Mackintosh. These two scholars
emphasized the importance of raw resource production (staples) in explaining Canadian
development patterns. Mackintosh’s (1923) seminal essay titled Economic Factors in Canadian
History, argued that Canada’s national traits were linked to the economic and geographic
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problems of a colony. This challenged a variant of Canadian historical studies that emphasized
political culture, racial issues, and constitutional linkages with Britain. Mackintosh highlighted
that a colonial economy needed to find a suitable staple product for export, and that Canada
faced particular transportation challenges along the St. Lawrence and the “Laurentian barrier”
separating Lake Superior and Winnipeg. The resolution of these problems contributed to
Canadian economic expansion and political unity.

Innis wrote detailed histories of some of Canada’s first primary export products: The Fur
Trade in Canada (1930) and the Cod Fisheries (1940). Innis highlighted how the demands for the
export of resource staples from the colonies to the empires of the world laid the foundations of
Canadian economic, political, and social institutions. Each staple product left its particular
stamp, and created distinct patterns of development. For instance, Innis found that the cod
fisheries were associated with decentralization, specialization in one staple, and expansion over
the ocean towards forging more international economic linkages; while the fur staple was
associated with centralized political organization, western expansion across Canada, and
transportation routes that facilitated evolution towards other staples such as lumber and pulp
and paper.

Innis found that each staple also exhibited different patterns of adjustment towards
capitalism. In Canada’s interior, international economic changes brought increased
centralization, and diversification towards new staples within the framework established by the
fur trade. Aboriginal populations bore the brunt of the adjustment costs, as their labour was
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eventually replaced, while they maintained a dependence on European technology. In the cod
fisheries, the Atlantic regions made a painful adjustment from an international economy based
on trade across the Atlantic Ocean towards a more continental economy.

Mackintosh and Innis differed on the implications of resource staples for Canada.
Mackintosh foresaw gradual diversification around the staple base and “steady growth”
towards manufacturing and other economic activities. Innis emphasized the lasting bias each
staple imparted on future development trajectories, the vulnerability of staple economies to
shocks, and the potential for rigidities that narrowed future economic possibilities (Drache
1978; Williams 1983; Watkins 2006, p. 217).

Mel Watkins (1963) partly synthesized the Innisian and Mackintoshian approaches in his
publication A Staple Theory of Economic Growth. Watkins explained that staples theory could
be applied in the particular case of a “new country”, where staple exports set the pace for
economic growth during its initial periods. In a colonial or late developing economy, factors of
production, such as labour and technology, are initially imported and new economic institutions
must be constructed. Economic development is a process based on the level of diversification
around an export base. The Mackintoshian pattern of linear advancement from staples towards
industrialization was contingent on exploiting a series of linkages from the staple: forward,
backward, and final demand. The association of staples theory with these linkages provided a
policy solution and some methodological direction. For instance, policy could focus on
strengthening domestic linkages and input-output tables could measure the linkages between
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resource sectors and other industries. Watkins’ theory also introduced more Innisian
considerations by noting the influence of values, institutions, and entrepreneurial capabilities.
Maladapted institutions and a deficient supply of entrepreneurship could result in failure to
exploit linkages with the resource sector, and create a “staple trap” characterized by resource
dependency and economic vulnerability.

Building from the staples perspective of Canadian economic history, political economists
turned their attention towards the nature of Canadian capitalism. In the 20th century Canada
became a rich, industrialized nation. However, relatively high levels of foreign ownership and
dependence on foreign technology and managerial expertise characterized Canada’s
industrialization. “Advanced resource capitalism” is the label Drache (1978, p. 41) used to
describe a situation whereby Canada shares many characteristics with other advanced capitalist
nations, yet its development can also be described as “incomplete” and “unstable”. Canadian
political economists explored the historic factors that created this condition.

Naylor and Clement focused on the nature of Canadian entrepreneurship and business
interests. Naylor (1972; 1975) describes how the banking sector evolved to help finance
activities for resource exploitation, particularly the installation of transportation infrastructure.
With the potential to import technology and productive capabilities and with a ready supply of
rent-seeking opportunities in resource sectors, Naylor argued that Canadian entrepreneurship
developed a “commercial orientation”, focused on facilitating exchange rather than production.
The banking sector focused on speculative plays rather than longer-term, higher risk
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investments to build up domestic industry. American branch plants, rather than domestic
industries, provided new technology and industrial knowledge. Thus Canada industrialized, but
remained dependent on foreign technology and innovation. Clement (1975) bolstered Naylor’s
analysis by analyzing elite networks in Canada. He found a pattern of indigenous capital
dominated in finance and commercial ventures linked with a foreign industrial elite managing
branch plants and multinational corporations. Clement argues that this network of foreign and
domestic business interests hindered the success of smaller Canadian entrepreneurs.

While Naylor and Clement pointed towards the nature of the business elite to explain
Canada’s dependent form of industrialization, Panitch (1981) constructed an explanation
centred on dynamics between capital and labour. He argues that as a late industrializer
compared to countries such as Britain and the US, Canada’s wage levels were relatively high
because of the influence of unions and because of the need to attract immigrant labour.
Because Canadian businesses could not create a competitive position based on lower wages,
they had to rely on productivity improvements. However, it was difficult for Canadian
businesses to catch up to US levels of productivity, since the US had industrialized earlier and
was entering an expansionary phase. Thus, it was easier to rely on already available US, as well
as British, industrial capabilities to stimulate Canadian industrialization. Furthermore, to avoid
conflicts between labour and business, the state opted for foreign investment, rather than
labour exploitation, to secure the capital needed for industrialization. As a result of this historic
situation, Canada welcomed foreign investment and foreign technology, and failed to develop
indigenous industrial capabilities. According to Panitch, Canada’s dependent form of
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industrialization results from a contradiction created by high-wage rates in a late industrializing
nation.

Laxer (1989) highlights internal factors and compares Canada’s position with other late
industrializers. He argues that Canadian leaders neglected to implement policies used by other
late industrializing nations that facilitated a more independent form of development, less
reliant on foreign capital and technology. Policies of other late industrializers included the
creation of an investment banking sector able to make long-term, higher-risk loans to domestic
entrepreneurs; the protection of engineering-based industries from foreign ownership; and
frugal investments in transportation infrastructure to avoid over-dependence on foreign
capital. He argues that support for these policies was not forthcoming in Canada because of the
relative political weakness of farmers. Agrarian political movements supported liberal access to
credit and expansion of democratic institutions, while opposing state extravagance and
corruption in areas such as railway building. These political demands from agrarian forces
overlapped with the interests of small-scale, domestic industries. However, even though
agrarian and small business interests comprised a political majority in Canada, cultural and
regional separations along English and French lines divided these constituencies. This
balkanization meant Canada failed to implement policies of other late industrializing nations.
Laxer presents Sweden as a counter-example to the Canadian situation: a country that
successfully escaped the staple trap by reducing dependence on foreign capital and developing
indigenous engineering capabilities. For Laxer, it is internal political factors that explain why
Canadian economic policy fostered a dependence on foreign capital and foreign technology.
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Debates on industrial policy in the 20th century grappled with the consequences of the
economic history outlined within Canadian political economy literature. The Gordon (1957),
Watkins (1968), and Gray (1972) reports expressed concern over the influence of high levels of
foreign ownership on Canada’s ability to develop new technologies and steer the domestic
economy. In the 1970s the Science Council highlighted Canadian dependence on foreign
companies for new technology and called for a “technological sovereignty” agenda (see Britton
and Gilmour 1978 and section 2.5) . However, as noted in section 2.5 on “innovation
underperformance”, these debates have laid dormant for some time. The Macdonald
Commission in 1985 put to rest the idea that Canada required an industrial policy. The
Commission recommended a free trade route, which would allow Canada to focus on its
comparative advantage in resources and a limited number of manufacturing sectors. In
addition, Canada seemed to be escaping from its pattern of technological dependence in the
late 20th century. The size of Canada’s manufacturing sector grew (in sectors such as auto,
aerospace, and telecommunications equipment led by Northern Telecom), and the importance
of foreign investment diminished as a share of GDP (see Stanford 2008).

The debate over Canada’s innovation underperformance has reignited since the turn of the
21st century (as discussed in section 2.5), and reintroduced many of the themes originally
explored in the Canadian political economy literature. Concern for Canadian innovation
coincides with the rise of oil exports, and the bursting of the Internet bubble. Theoretical
advances also highlight the relevance of examining Canada’s specific historic and geographic
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features. Hall and Soskice (2001) highlight the relevance of a nation’s institutional comparative
advantage, even during an era of globalization. Furthermore, innovation patterns at local levels
arguably become more important in a more competitive globalized economy (Wolfe and Lucas
2005). Some scholars studying National Systems of Innovation were especially interested in
understanding how small, open economies could find domestic advantages in a more globalized
world (Andersen and Lundvall 1988; Lundvall 1992).

The body of literature found within the Canadian political economy tradition provides a
deep description of the history that created Canadian institutions, as well as various issues
related to the social and political consequences of Canadian development paths. The literature
emphasizes Canadian vulnerability to fluctuations in resource economies, as well as a potential
vulnerability to organizational and technological shifts in other countries. It not only outlines
the nature of these development paths, but also delves into the social, cultural, and political
consequences of Canada’s economic history. Political economists have discussed issues related
to cultural identity, relations with First Nations, the role of women in staple economies, as well
as the implications of Canadian capitalism for labour union politics (see Clement and Drache
1978; Drache and Clement 1985; Clement and Williams 1989.). Canadian political economy has
also emphasized problems of “uneven development” between regions. As discussed in section
2.4, Canada’s brand of industrialization was focused in certain regions, while other regions
continued to play the role of resource hinterland within the country. This can mean resource
booms in some regions, and busts, outmigration, and unemployment in others. The political
economy literature has studied the regionally specific political movements that sprung up in

75

response to these political tensions (see Macpherson 1962) and how the state has tried to
manage these regional conflicts (Jenkin 1983; Brodie 1997).

The scholarly tradition of Canadian political economy presents a wide body of literature to
help understand the nature of Canada’s economy and its institutions. This provides a valuable
input for a study of low-carbon transitions in Canada. Stemming from the original work of
Mackintosh, Innis, and Watkins, the importance of linkages from resource sectors, and
Canada’s resource-based history is a common theme. Linkages can concern more narrow
relationships between resource sectors and other industries, as well as wider implications for
the nature of Canadian capitalism, society, and politics. Canada’s political economy literature
provides a reserve of knowledge on the country’s unique context, and it is from this context
that we must examine the potential to promote a Canadian transition to a low-carbon
economy.

3.3 Complementary Theoretical Insights

To the best of my knowledge, this dissertation is the first attempt to combine insights from
the literatures on sustainability transitions and Canadian political economy. It is therefore
worthwhile to briefly discuss some of the theoretical similarities and differences to ascertain
when and how each theoretical framework can be employed most effectively. In addition, a
synergy of the two approaches emphasizes the role of geographically specific innovation
processes, and the role of sectoral and technological complements.
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The two frameworks can be related to one another with minimal effort because they share
similar ontological positions. Both schools of thought have a basis in evolutionary frameworks.
Thorstein Veblen, who called for an evolutionary approach to economics, influenced Harold
Innis, the foundational thinker in Canadian political economy (Veblen 1898; Innis 1956 B;
Baragar 1996). Innis can be viewed as an early systems thinker. Bonnet (2013) has recently
noted the similarity between Innis’ thinking and modern conceptions related to complexity
theory and system evolution. The sustainability transitions framework is influenced by
Schumpeter’s theories of innovation, and Nelson and Winter’s (1982) evolutionary model.

Both approaches are interdisciplinary and seek to consider multiple factors when explaining
development patterns. This includes an acknowledgement of the non-neutrality of materials
and technology. In contrast to neoclassical economic theories that can abstractly represent
technology and resources as inputs in a production function, Innis provided detailed
descriptions of the physical characteristics of resource products in order to trace their influence
on economic systems (see Rotstein 2014). Sustainability transition approaches specifically
outline material and technical elements of innovation systems, including artefacts, machines,
and infrastructures (Geels 2006).

The major difference between these approaches concerns the types of systems they are
describing, or where they tend to draw system boundaries. The staples approach, which has
influenced Canadian political economy, specializes in describing the development patterns of

77

economic systems where resource exploitation for export plays an important role. In a staple
economy, domestic consumption of the product might be minimal, or at least not the driving
force for staple extraction. In contrast, sustainability transition studies have focused on changes
within sectors where production, as well as end-use consumption, is contained within the same
system, for instance, in the provision of electricity and transportation services. Sustainability
transitions frameworks more prominently consider changes in the way products are used and
services are provided, while the dynamics of raw material production and export are less often
highlighted.

The comparative advantages of each perspective can help analyze two facets of Canadian
low-carbon transitions. As noted in section 2, there are different economic dynamics occurring
within energy systems that are primarily focused on export versus those where domestic
consumption plays the larger role. The Canadian export based system is dominated by fossil
fuels, and threatens to continue the increase in GHG emissions. With respect to Canada’s
energy consumption-based sectors, fossil fuels are also dominant; however, GHG emissions are
not growing to the same extent and a significant share of energy services are provided by
hydroelectricity. The staples perspective can add insights on the nature of the export-based
economy, while the sustainability transitions perspective can help us analyze the
transformation of systems incorporating both end-use and production.

The two theories also provide complementary methodological insights. The staples approach
draws attention to the importance of resource linkages to domestic economic and social
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dynamics. However, the methodological approach to analyze these linkages is not particularly
clear. The Watkins (1963) staples theory, which focused on forward, backward, and final
demand linkages, lends itself to input-output analysis which is an early systems of innovation
approach (see Carlsson et al. 2002), but there has been little subsequent evolution in staples
theory methodology. In contrast, the sustainability transitions literature has followed the
progressive development of systems approaches. This literature has tracked the latest
methodologies and has applied them to studying clean energy technologies. The sustainability
transition literature can complement earlier insights from staples theory by providing updated
tools to conduct systemic analyses.

Finally, there are two fundamental tenets of this dissertation’s exploration of low-carbon
transitions that stem from an amalgamation of the theoretical frameworks of Canadian political
economy and sustainability transitions theoretical frameworks. First, this dissertation will
emphasize that low-carbon transitions are geographically specific. The articles within this
dissertation discuss the importance of understanding Canada’s historic context and the
implications of this history for defining transition barriers. The articles will also highlight the
potentially fertile conditions for low-carbon innovation that exist in another type of selection
environment (based on clean energy) found within Canada’s geographically diverse landscape.
The second tenet concerns the importance of system linkages, or the broader notion of
technological interactions. Interactions between technologies and wider social and political
systems help explain the systemic nature of Canada’s carbon lock-in problem. At the same time,
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interactions that create new technological configurations also present the possibility to launch
new socio-technical trajectories.

3.4 Methodology

The evolutionary framework shared by the two theoretical literatures of sustainability
transitions and Canadian political economy informs the methods employed in this dissertation.
From an evolutionary perspective, history matters because earlier historic processes establish
the selection environment and help explain the inertia of current technological trajectories. The
climate change problem is a result of this history leading to a “carbon lock-in” (Unruh 2000)
that can exist at both national and regional levels, as well as within certain sectors. The
evolutionary framework also suggests that the potential for change lies in understanding how
new technologies, widely defined to include social as well as organizational factors, arise and
evolve.

Both sustainability transitions studies and Canadian political economy have made wide use
of the case study method. Yin (2009) states that a case study is most effectively used to
describe contextual conditions. In contrast to an approach that seeks to isolate certain variables
or control the environment, a case design can study the holistic characteristics of a complex
social phenomenon. A case study can examine historic sequences to discuss theories or
important patterns. A case helps test theoretical propositions and modify or build upon existing
theory.
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A mixture of different methods can be used within a case study. The articles in the
dissertation will employ qualitative methods, such as document analysis and expert interviews.
Quantitative indicators, including, descriptive statistics and social network analyses will also be
presented.

Conducting a case study requires certain skills (Yin 2009, chap 3). This includes the ability to
conduct document reviews, to contact people with knowledge of the case, to ask relevant
questions, and critically listen to responses. As will be seen, case studies in this dissertation also
required a proficiency in the French language.

Case selection decisions were informed by theoretical insights and background information
on Canada’s energy context. Case studies informed by transitions theory often examine nichelevel technological evolutions and the creation of new socio-technical configurations because of
the potential for these developments to contribute to macro-scale changes. This perspective
justifies the study of micro-scale phenomena as part of a research agenda with the motivation
to consider national or macro-scale implications.

The influence of meso and micro scale phenomena is particularly relevant to Canada, which
is characterized by a series of diverse and regionalized energy systems. Section 2 described the
importance of regional politics and the observations emanating from Canadian policy
discussions regarding the potential benefit of more decentralized, sector and region specific

81

innovation analyses. Section 2 also described the different features of Canada’s production and
consumption based energy systems. Canada’s energy production structure is highly influenced
by energy exports, which gives it different characteristics than systems with the principle
function of providing energy services for domestic use.

The recognition of regional diversity and divergences within production and consumption
systems suggests the need to study different geographic and sectoral contexts within Canada.
The importance of niches to sustainability transitions highlights the relevance of studying
emerging technologies. However, these insights open up the range of possible cases that could
be selected rather than narrowing them down.

When a wide variety of potential cases present themselves, Flyvbjerg (2001) advises
selecting cases based on their anticipated information content. This information-oriented
selection process is different from a random selection in order to produce an unbiased sample.
Selections are made to “maximize the utility of information” from single cases. This can often
reveal important patterns or lessons that help inform decisions. Cases can be selected because
they present extremes or “most likely” and “least likely” tests of theoretical propositions. They
can also serve as warnings or illustrations of particularly difficult problems, or examples of
helpful solutions. Flyvbjerg states that conducing a context-based analysis of deeper causes of
problems can be more illuminating than determining the frequency of the problem itself.
Likewise, an anomalous case might contain an innovative solution. Cases do not reveal
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universal rules. Rather they provide lessons that should be considered in real-world decisionmaking.

Given that the Canadian context is characterized by a wide diversity of energy systems an
exhaustive examination of the Canadian situation would require a great deal of time and a large
research team. This dissertation will make a contribution by outlining key contours of the
Canadian low-carbon transitions subject, and by discussing implications for future research
endeavours. The Canadian context presents different spectra, from high-carbon to low-carbon,
as well as export oriented to domestic consumption based, energy systems. Extreme cases and
most likely/least likely cases that provide useful lessons can be found along this range. Case
selection will also be informed by the theoretical topics that help study low-carbon transitions
in the Canadian context. The theory directs us towards a need to define the carbon lock-in
problem, and to search for transition solutions stemming from new configurations that could
develop from niches and different selection environments. Case selection to study the solutions
side of the transitions equation will involve a strategic choice with respect to promising lowcarbon configurations in Canada.

The next section will outline the three articles that comprise the core of this dissertation,
and the rationale for selecting each case.
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Section 4: Outline of Articles

4.1 Article #1 - From Staples Trap to Carbon Trap: Canada’s peculiar form of carbon lock-in
Published in Studies in Political Economy, Autumn 2011 (88)

The first article focuses on defining the problem of carbon lock-in in Canada’s national
context. It provides a broad review of Canadian history and focuses on the modern-day
implications of the recent surge in crude oil exports and the dominance of oil in Canada’s
energy production system.

The article relies on Canadian political economy, and the staples approach in particular, to
construct theoretical propositions. The political economy literature helps explain important
phenomenon in Canada’s unique energy situation, where the export of a high-carbon natural
resource product has important implications for GHG emissions. Previous work in political
economy also provides a description of Canadian history and prominent development patterns.
This allows us to understand to implications of crude oil exports in light of Canada’s larger
resource development history. The staples approach emphasizes that the actual characteristics
of a natural resource product can have important implications and leave a certain stamp on a
region or the nation. Thus, the article discusses the emergence of bitumen (or oil sands)
extraction and production in Alberta. Bitumen is an unconventional form of oil that is beginning
to replace production from more conventional sources.
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The article not only reviews previous themes and patterns found within the Canadian
political economy literature, but also constructs a new theoretical synthesis that blends the
staples approach with insights from evolutionary macroeconomic theories. A thorough review
of the original works of Harold Innis highlights the connection he drew between staple exports
and global economic systems. The article argues that historical analysis of techno-economic
paradigms by evolutionary macroeconomic theorists, Chris Freeman and Carlota Perez
(Freeman and Perez 1988; Perez 2002), complements an Innisian approach. This synthesis
creates a framework better prepared to draw connections between dynamics within a resource
producing region and the global environment.

The review of Canadian political economy literatures outlines the Canadian development
pattern of the “staples trap”, a form of resource lock-in. Using case information on Alberta’s oil
sands, the article explores the extent to which the staples trap pattern can be used to describe
a potential Canadian carbon lock-in situation, which the article labels the carbon trap. The
article argues that the staples trap pattern uncovers important implications of Canada’s
growing crude oil exports, and discusses differences between the traditional staples trap and
the modern-day carbon trap tendency. Thus the article builds upon the theoretical tradition of
Canadian political economy, and presents the new theoretical proposition of the carbon trap to
serve as a warning to inform future policy approaches. The article also creates a new synthesis
by using evolutionary frameworks to build upon staples theory in the context of climate
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change. It points towards the benefit of using sustainability transitions frameworks in future
research because of the systemic nature of the carbon trap problem.

4.2 Hydroelectricity and Transitions

Articles #2 and #3 within the dissertation focus on the role of hydroelectricity in promoting
low-carbon innovation, through case studies based in Québec. The interest in hydroelectricity is
linked to the themes of natural resource exploitation explored in article #1, but within a quite
different regional and energy system context. Before providing a synopsis of the articles, this
section will describe the linkages between article #1 and articles #2 and #3, and discuss general
themes when considering transitions from a hydroelectric base.

Canada has a rich endowment of hydroelectric resources, and the electricity system has
achieved GHG emission reductions. Given the diversity of Canada’s energy systems an analysis
of energy transitions cannot solely focus on oil-based forms of energy. Analyzing dynamics
within hydroelectric based systems helps outline the different contours of the nation’s energy
situation. The study of a hydroelectric system also presents a divergent case from the crude oil
based energy structures explored in article #1. As noted in this introductory essay, Québec is a
province with an energy system quite distinct from the crude oil based province of Alberta.
Québec has the lowest per capita GHG emissions in the country, is a large hydroelectric user
and exporter, and also imports many of its non-electric energy sources. As will be explored in
the articles in greater detail, Québec’s history of hydroelectric development is closely
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associated with political and cultural life in the province. Hydroelectric development was a
signature project of Québec’s “Quiet Revolution”, a period of dramatic social and economic
change.

Hydroelectric energy systems potentially present a “least likely” case of the carbon trap
since these systems are based on a clean energy resource, rather than a high-carbon resource.
However, hydroelectric systems also have staple commodity characteristics, which could result
in missed opportunities for low carbon transformation. Thus it is interesting to see if factors
that maintain the staple trap pattern of truncated innovation discussed in article #1 could also
act as barriers to the development of low-carbon technologies.

Dales (1957) referred to hydro as a “quasi-staple” in an earlier review of hydroelectric
development in Québec. Unlike other staples, hydroelectricity is not primarily based on raw
material export. In the hydro case, the most primary form of material export would involve the
extraction and sale of water as a commodity. Using water to produce electricity is a step up the
value chain. Hydroelectricity acts as a primary input for industries such as mining, aluminum
smelting, and pulp and paper, which produce semi raw materials for export. Some of hydro
resource’s quasi-staple characteristics stem from its association as a key input for semi raw
material production.

Relatively limited export potential also disassociates hydroelectricity from other staples.
The potential for mass export of hydroelectricity is reduced by the lack of scalable, cost-
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effective storage technologies. Hydro is predominantly exported via transmission lines, which
bounds its geographic reach and the technical capacity to export large volumes. Thus unlike
many other staples, hydroelectric production primarily serves the domestic market. However
hydro export has some staple characteristics since, Canada’s hydro-based systems export a
larger amount of electricity in comparison to hydro-poor jurisdictions. Earlier provincial
industrial policies based on using low-cost hydro to promote domestic industrialization (see
Nelles 1974) have given way to export-oriented strategies following the deregulation trend in
the 1990s (Froschauer 1999).

Despite these nuances, hydroelectric systems confront similar issues as other staple
economies. Typical staple characteristics are outlined in article #1. The production of
hydroelectricity introduces issues over the distribution of water rights and land-use. This can
create rents for those with rights to water or surrounding areas. As with fur, as well as other
staples, conflicts and negotiations with First Nations over land-use have been prominent. In
addition, accessing the hydro resource requires large transportation networks (transmission)
with high up-front costs, akin to the expanding trade routes in the fur trade, canals for timber,
and railways for wheat. The production of hydroelectricity also typically requires a form of
centralized organization (see Biss (Spry) 1936; Netherton 2007).

The most important common theme between hydroelectricity and other staples is the role
of linkages between hydro as a primary commodity and other technologies or economic
sectors. These linkages are particularly important when studying low-carbon transitions
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because interactions between hydro and other low-carbon technologies could determine the
ultimate influence of Canada’s hydroelectric resource endowment. The benefits of
hydroelectricity might expand beyond its production capabilities (i.e. production of low-GHG
kilowatt-hours). The resource could also help build low carbon systems by complementing low
carbon activities in other sectors. Using a resource product to maximize economic development
within other sectors is the path out of the staples trap outlined by Watkins (1963), and
discussed in article #1. To study low carbon transitions, we could assess the role of the
hydroelectric system in promoting or blocking emerging clean energy technologies. This outlook
informed the selection of case study topics. Article #2 considers the development of electric
vehicles (EV). In a staples framing, EV is a forward linkage from hydro. Article #3 considers the
development of wind energy, which is a technology that could have a complementary or
competitive relationship with hydro.

The research questions and case selection for article #2 and #3 were inspired by staples
theory and historic problems outlined in the Canadian political economy literature. However,
the sustainability transitions approach provided a more useful analytical framework. The
comparative advantage of the staples approach is not as apparent in the case of
hydroelectricity because the staple is primarily produced for domestic consumption. This is part
of its quasi-staple characteristics. The multi-level perspective, used within sustainability
transitions literature, encompasses the analysis of both production and consumption systems.
In addition, the sustainability transitions literature has developed analytical tools to study a
wide variety of interactions within socio-technical systems. As noted in section 3.3, the
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innovation systems approach has evolved well beyond the input-output analysis method
implied in the 1963 staples theory. Modern-day systems approaches have moved towards
considering a wider variety of interactions between technologies, as well as social, political, and
institutional phenomena.

Shared evolutionary frameworks, as well the recent expansion of sustainability transitions
frameworks, aid in the task of coupling a staples-inspired research question with a sustainability
transitions analytical framework. The evolutionary perspective reframes the staples linkages
question towards asking how innovations are produced in a selection environment defined by
the earlier diffusion of hydroelectricity. As noted in section 3.1, scholars have called for a
transitions approach that takes closer note of geographic differences, including differences in
regional selection environments. Frameworks have also been developed within sustainability
transitions to consider interactions between technologies as well as interactions between
specific technological niches and larger national, regional, and sectoral systems.

4.3 Article #2 - Low-Carbon Innovation from a Hydroelectric Base: The Case of Electric
Vehicles in Québec
Published in Environmental Innovation and Societal Transitions (in press)

This article provides a case history of electric vehicle (EV) technological development in
Québec, a history intricately related with the hydroelectric technological system. The second
paragraph in the article outlines how issues in Canadian political economy provide the
motivation for the topic; however, the article itself uses an integrated multi-level perspective
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(MLP) and technological innovation systems (TIS) framework. The MLP, particularly the notion
of the regime, helps define the selection environment created by the hydroelectric system, as
well as the inter-linked transportation sector. The TIS framework helps analyze the innovation
performance of the EV system over time. The article combines these two frameworks, as well
as insights on technological interactions within the sustainability transitions literature, to trace
linkages between EV TIS performance and the structural elements of Québec’s hydroelectric
regime.

This survey of linkages that result from structural overlaps between electric vehicle
technologies and the hydroelectric regime finds that physical complements were insufficient to
develop an electric vehicle technological innovation system. These physical aspects include the
ability to fuel vehicles with low-GHG electricity. Using Watkins’ (1963) terms, we might refer to
this as a forward linkage. The article however reveals that the electric vehicle technologies that
evolved in Québec were most strongly enabled by organizational and institutional elements of
the hydroelectric regime. Most prominently, the history of hydroelectric development led to
the creation of a research infrastructure and helped stimulate conceptual ideas about the
electric utility’s role in technological development, which promoted battery and motor
technology research and commercialization activities.

These findings emphasize the benefit of using the list of all socio-technical innovation
system functions found within the TIS framework, and the comprehensive definition of a
sectoral selection environment conveyed by the regime concept, to trace the linkages or
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technological interactions of interest. While the EV sector in Québec is still evolving, the article
highlights the potential for this low-carbon configuration to build from Canada’s hydroelectric
resources. However, it also stresses the specific nature of these dynamics in Québec’s unique
social and technological environment.

4.4 Article #3 - Promoting low-carbon transitions from a two-world regime: Hydro and Wind
in Québec, Canada
Published in Energy Policy, October 2014 (73)

The third article examines the co-evolution of wind energy and hydroelectric technologies in
Québec. This article also roots its analysis in socio-technical frameworks, while making
reference to the linkage issue in Canadian political economy within the introductory section.
The relationship between wind and hydro technologies do not easily fall into the list of forward,
backward, and final demand linkages originally introduced by Watkins in 1963. The more
complex or lateral nature of the linkages are interesting from a climate perspective, because
hydroelectricity promises to act as an effective storage mechanism for wind energy. The
transitions frameworks provide the tools to examine these more complex interactions.

As in article #2, this article made use of the regime concept to describe the selection
environment created by the hydroelectric sector. However, rather than using the list of TIS
functions, this article references three “niche” functions outlined by Smith and Raven (2012),
listed as shielding, nurturing, and empowering. Within this list, the TIS framework is subsumed
under the nurturing category. The two other functions of shielding and empowering are of
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particular interest in the wind energy case. Analyzing shielding processes helps explain how
wind found a protective space within the Québec context, even though hydroelectricity could
directly compete and crowd out wind energy along economic as well as environmental
dimensions. Empowering discusses how the larger sectoral environment evolves due to the
development of a niche technology, which is important because of the potential for the
management and operation of the hydroelectric system to change in order to integrate wind
energy. The article explains that a re-discovery of an older systems framework, Dahmén’s
(1989) conception of the development block, provides a more sophisticated description of the
dynamics found in the case than the empowering concept. The development block notion
captures the dual role of tension and complementarity between technologies, and how these
processes create transformative potential. The concept brings to light an important lesson for
the management of technological interactions between wind and hydro. The Québec case
demonstrates that important technological interactions are not solely limited to hydro’s ability
to complement wind because of its dispatch flexibility and storage capacity. Rather, the
diffusion of the niche wind technology activated technical, knowledge-based, and institutional
resources of the hydroelectric system itself by creating transformative tensions. These tensions
could ultimately lead to a more symbiotic configuration between wind and hydro.

Similar to article #2, article #3 highlights a potentially transformative low-carbon
configuration stemming from Canada’s hydroelectric resources. It describes the possibility that
a wind-hydro development block could evolve as wind energy introduces new tensions that,
once resolved, unveil hydroelectricity’s complementary and transformative potential. The
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article also outlines how such a development block might continue to progress, stating that it
will need to develop complementary relationships with new technologies, such as electric
vehicles, or expand towards new geographies. Both of these suggested evolutions or
expansions could have wider implications for Canada and North America.

Section 5: Reflecting on Canadian Low-Carbon Transitions
These articles, in combination, make a contribution towards understanding the nature of
low-carbon transitions in Canada by first defining an aspect of the lock-in problem, and then
elucidating potential low-carbon pathways originating from the existing endowment of
hydroelectric energy resources. This section will discuss how this initial foray into the nature of
low-carbon transitions in Canada introduces new questions, and will help direct future
research. In light of case study findings, we will reconsider how to facilitate larger low-carbon
configurations from the hydroelectric base, and the strategic approaches that will help Canada
evade the carbon trap.

5.1 Transitions from a Hydroelectric Base

Québec presented an ideal environment to explore dynamics between hydroelectricity and
other technologies because of the importance of the hydro resource in shaping the wider
selection environment. Article #1 warned that a staple trap tendency could contribute to
carbon lock-in, even in the presence of a clean energy staple. The problem arises because a

94

staple could shape the selection environment in ways that crowd out other low-carbon
technologies. The result would be missed opportunities to promote innovative linkages. The
hydro staple contributes to lower per capita GHG emissions in provinces such as Québec, but if
the staple trap tendency were present, hydro would have a limited effect on other sectors and
regions. In other words, the hydro resource’s presence contributes to lower carbon emissions,
but might not contribute to a low-carbon transition at larger sectoral, national, and
international scales. Sanden (2004) warned of a similar pattern within the sustainability
transitions literature, when he noted that a low-carbon technology could initially be perceived
as a solution, but ultimately result in a dead-end. The hydro case studies employed
sustainability transitions frameworks to explore whether hydro developed complementary
relationships with other technologies to create the potential for systemic transformation, or if
there were factors that contributed to a dead-end/staple trap situation of truncated lowcarbon development. Both the EV and wind energy cases demonstrated how hydroelectricity
enabled new low-carbon technologies in Québec. This suggests that the staples trap tendency
was not strong.

The Québec cases presented pathways showing promise of evading a staple trap problem
despite the existence of a number of common staple characteristics, which were described in
articles #2 and #3 within the description of the hydroelectric regime, and noted in section 4.2 of
this essay. Common staple characteristics relevant to hydro include large transportation
networks (transmission), the high overhead costs of hydroelectric plants, centralized
organization, and a stronger export orientation than many other electricity systems. The cases
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demonstrated that in many ways the staple characteristics provided assets for the development
of new low-carbon technologies. For instance, the development of the transmission system
required domestic innovation and led to the creation of the Hydro-Québec Research Institute
(IREQ). The inability to fully import long-distance transmission technology might have offset the
staple trap tendency because it induced domestic technological development, and
corresponding evolutions of the organizational and institutional environment. As demonstrated
in the case studies, the early social vision of making IREQ a centre for the development of wider
electro-technologies was also instrumental in the subsequent development of electric vehicles
and wind energy. In addition, the centralization of Hydro-Québec helped coordinate electric
vehicle activities and wind research activities encompassing all elements of the electricity
system. Large hydroelectric projects no-doubt crowded out other technologies to some extent,
but this exclusion was not ubiquitous. Hydroelectricity projects often led to delays and concerns
over electricity shortages and these problems caused imbalances that opened windows of
opportunity for wind energy. Delays were caused by technological realities as well as social
resistance to large hydro development in First Nations territories without adequate
negotiation.

Hydroelectricity has staple export characteristics. The potential for export created an outlet
for Québec surpluses of renewable electricity, and article #3 discusses ways in which wind could
help optimize exports. Wind energy provision during hydro-scarce winter months reduced the
need for hydro generation during these times, which meant the resource could be conserved to
sell into more lucrative export markets. However, article #3 also found that volatility in export
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market prices creates disruptions, and domestic calls to limit wind production to offset rate
increases. Vulnerability to export market fluctuations is a common staple economy problem.
Article #3 used Dahmén’s theory of development blocks to raise the possibility that the
unbalanced (export surplus) situation could encourage further transformation by expanding
towards new markets, and by enhancing new technological linkages (for instance with EV).

The examples found within articles #2 and #3 suggest that the staples characteristics
identified in article #1 do not necessarily lead to the staple trap or a form of lock-in. Whether
these characteristics lead towards a form of carbon lock-in and missed opportunities for
innovation, or help facilitate low-carbon transitions depends largely on how actors work with
the challenges or tensions these characteristics can create. In his initial theory Watkins (1963, p.
151) stated “one is led to conclude that staple economies are often believed to be much more
at the mercy of destiny than they actually are”, and so we should not automatically anticipate a
staple trap because of the presence of a staple product and some staple economy
characteristics. In article #3, Dahmén’s (1989) theory of transformation via development block
provided interesting lessons for staple theory. The tensions between new technologies and
many of these staples characteristics were found to have potential to promote new
technological linkages or complementarities. Dahmén’s theory is neither a Mackintoshian linear
development path from the staple to a more diversified economy, nor an Innisian example of
staples characteristics and unbalances enhancing rigidities. Rather it emphasizes that a nonlinear, disequilibrium situation that produces disruptions and tensions can result in
transformation, if properly managed.
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The lack of an obvious staple trap situation in the Québec cases could be partly due to
hydroelectricity’s “quasi-staple” characteristics. 14 As noted in section 2, hydroelectricity
production primarily serves domestic markets. The potential problem with a “quasi-staple”
could be that linkages did not move much beyond the next step in the production chain (e.g.
pulp and paper) (see Froschauer 1999). Articles #2 and #3 presented some examples of
innovation activities well beyond simply providing hydroelectricity as an input. The regimeshaping history of long-distance transmission as well as the EV and wind cases provided
examples of domestic technological development rather than reliance on technology imports.

Both articles emphasized how the institutional and organizational environment shaped by
hydroelectricity supported innovation activities. These social technologies joined with physical
technologies to create configurations capable of reducing GHG emissions (hydro-EV) and
promoting wider clean energy diffusion and innovation (hydro-wind). In article #2, social
overlaps helped enable EV functions that were required to spark the initial development of a
technological innovation system. Article #3 demonstrates that it was organizational actors, such
as IREQ, and conceptual understandings about Hydro-Québec that were largely responsible for
steering wind-hydro relationships towards transformation when tensions were encountered.
The importance of social elements was recognized in the original staple theory. Watkins (1963,
p. 146) stated, “An adequate supply of domestic entrepreneurship, both private and
governmental, is crucial. Its existence depends on the institutions and values of society”. The

14

For a similar argument in a general economic and social context, see Warren (2010)
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particular institutional environment in Québec, which hydroelectric development played a large
role in shaping, helps explain the evasion of a staple trap. As noted in both articles, the
institutional environment is quite unique to Québec and therefore might not exist in other
hydro-intensive Canadian provinces. To facilitate complementary low-carbon technology
interactions in Canada’s other regionally specific hydroelectric systems, the social and
institutional environment needs to be considered.

The potential for a clean technology configuration in Québec based on hydroelectricity,
coupled with other renewable generation technologies and end-use electrification, has national
implications. As noted in article #3, such a development block will likely need to expand
towards new geographies. While Québec, as well as other hydro-based provinces, have
traditionally traded electricity with the United States more than with provincial neighbours,
enhancing trading within Canada could help reduce GHG emissions in the Canadian electric
sector and other sectors with electrification potential, such as buildings, transportation, and
industry. Enhanced electricity trading and electrification of energy end uses has recently
garnered attention within the Canadian climate and energy policy community. A recent deep
decarbonisation scenario for Canada (Bataille et al. 2014) foresees a near complete
decarbonisation of the electricity sector and the share of electricity in total final energy growing
from 19% in 2010 to 43% in 2050. Alex Wood (2014) from Canada’s Sustainable Prosperity think
tank, calls for Canada to renew its historic comparative advantage in electricity systems and to
innovate in areas such as smart grid, energy storage, and electric mobility. David Layzell (2014)
demonstrates how Alberta could significantly reduce emissions by importing hydroelectricity
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from British Columbia. Pierre Olivier Pineau and Mark Winfield (2014) highlight the benefit of
hydroelectricity trading between Québec and Ontario. In addition, while discussing the
potential for a national energy strategy, Winfield (2013, p. 36) suggests that the federal
government could help support major investments in electricity grid interconnections. He
states:
“Such connections could help provinces with high but intermittent low-impact renewable
generation potential and limited energy storage capacity (e.g. Ontario) to manage the
intermittency of these low-impact renewable sources and produce reliable energy supplies.
Under such scenarios, hydro facilities would be used for storage while generation from
other renewable energy sources (e.g. wind and solar) is strong and able to meet grid
demand. The hydro facilities with storage capacity could then be used to stabilize supply
where production from intermittent renewable sources fell.”

The policy thinkers mentioned above present enticing visions focused on the environmental
and economic benefits of building upon Canada’s hydroelectric base and facilitating greater
clean electricity exchanges between provinces. However, the major question from a transition
perspective primarily concerns the direction of innovation and the type of momentum created
by these new technological configurations. To truly support momentum towards a low-carbon
transition augmented physical energy exchanges between provinces should be capable of
inducing the same complementary dynamics between hydroelectricity and other low-carbon
technologies that were explored in the Québec cases. Winfield (2013) in particular, notes the
potential for a complementary relationship between hydroelectricity and variable renewable
generation technologies, because of the potential for hydro facilities to provide energy storage
services. However the cases in this dissertation caution that a complementary relationship
between hydroelectricity and other low-carbon technologies is not axiomatic. The Québec case
studies demonstrated that such complementarities were induced by social as well as technical
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factors. Article #2 emphasized that a robust electric vehicle innovation system did not develop
in Québec due to the mere presence of hydroelectricity. A number of other innovation
processes needed to be activated. Article #3 noted the potential for hydroelectricity to
complement or crowd-out wind energy. The case demonstrates that wind energy was able to
find a development space because of windows of opportunity (e.g. resulting from project
delays), different selection environments (e.g. northern and island electric systems), as well the
presence of institutional factors such as an organization open to wind energy research and
domestic political movements in support of clean energy. These factors helped establish a
complementary trajectory in Québec, but there is no guarantee that Québec will be able to
maintain this momentum or that the factors that can induce technological complementarity will
be present in other provinces that might connect to Canada’s hydro resources. Without a
strategy to induce technological complementarity, hydroelectric resources could create shortterm GHG reductions, but hamper longer-term transformative potential.

A new question that arises from the hydro cases studied in this dissertation concerns the
nature of low-carbon technological interactions in jurisdictions that might import hydro
resources, such as Alberta, Saskatchewan, Ontario, or the Maritime provinces. Lessons from
article #3 suggest that without the proper niches and the creation of structural tensions,
hydroelectric imports could crowd out beneficial renewable energy development in other
provinces. Article #2 recommends the need to activate a series of innovation processes for
electric vehicles to truly take advantage of hydroelectricity’s low-carbon physical
characteristics.
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While the hydro cases allude to the potential benefits of a national low-carbon
electrification strategy, the most important message of this dissertation is that any national
strategy needs to seriously consider how to promote transformative dynamics within provincial
and regional scales. This will likely require an analysis of technological innovation systems,
niches, and regimes within each province (and perhaps at a more local, cluster-based level) that
might benefit from the use of hydroelectric resources.

5.2 Evading the Carbon Trap

Article #1 presented the carbon trap as a type of carbon lock-in relevant to the Canadian
situation, where natural resource production and export are prominent activities. The
hydroelectric studies presented a case of a natural resource based system potentially
facilitating low-carbon transitions, rather than blocking them. Thus while the carbon trap serves
as a relevant pattern and a warning, the hydro cases highlight that the diversity of Canada’s
energy landscape creates opportunities for low-carbon developments. As noted above, these
hydro-based technological configurations could have national implications. However, there are
multiple reasons to caution against claiming the development of innovation systems linked to
Canadian hydro as the complete solution to Canada’s climate change challenge.

Hydro-based configurations have their greatest potential to reduce GHGs within electricity
production systems and consumption based systems such as transportation. This could help
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reduce Canadian GHG emissions, but it might not significantly change the dynamics within the
crude oil energy system that produces fossil fuels for export. As noted in section 2, the
extraction and production of oil and gas is the fastest growing source of emissions in Canada.

The creation of domestic capabilities to produce clean electricity could overlap with the
fossil fuel export based system if clean electricity could be used as an input. Layzell (2014)
mentions this potential in the context of the oil sands. The prospect of using renewable
electricity to power Liquefied Natural Gas for export has also been noted in British Columbia
(Glave and Moorhouse 2013). However, even if lower carbon methods of fossil fuel production
could be found, downstream emissions from consumption (occurring outside of Canada if the
product is mostly exported) could still contribute to climate change. If certain regions in Canada
remain dependent on these exports for income, they could be disrupted by decreases in oil
demand because of global action on climate change. These complications are unavoidable
when exporting a fossil fuel staple. The connections between the domestic export-driven
economy and global techno-economic paradigms, discussed as relations that produce the
carbon trap in article #1, would still need to be considered.

From a global and longer-term perspective, the development of clean electricity and electric
vehicle technologies could reduce the global market for oil products. As discussed in article #1,
the bitumen sands are particularly vulnerable to changes in global oil demand, which produces
a vested interest in maintaining an oil based paradigm. As noted in article #3, a hydro-based
clean energy development block could play a role in facilitating larger North American
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transitions, for example through a “supergrid” vision. Thus, Canada could have a crude oil
based energy export system tied to maintaining a high-carbon techno-economic paradigm, and
a hydroelectric system contributing to the disruption of this paradigm through its exports of
clean energy resources and support for low-carbon innovations. As a result of this effect, the
two energy systems will influence each other rather indirectly, through the complex dynamics
of the global economy.

Conflict between the two systems is more likely to occur at the national level if federal
policies are perceived to have distributional consequences, and provinces treat climate policy
as a zero-sum game. Various policy researchers have argued that Alberta’s high-carbon export
boom has negative distributional consequences in other parts of the country, primarily through
the transmission mechanism of a high dollar reducing the competitiveness of exports (Stanford
2008; Lemphers and Woynillowicz 2012; Beine et al. 2012; Spiro 2013). However, a panCanadian electrification strategy could create its own conflicts, if it generates the perception
that the federal government is favouring hydro-rich provinces over fossil fuel resource
provinces such as Alberta. As discussed in section 2.4, inter-provincial conflicts have been a
recurring theme in national economic policy. Provinces resistant to disruption of oil and gas
based economies have been able to exercise veto powers and reduce national climate
initiatives to the lowest common denominator (Winfield and MacDonald 2012). Canada’s
history teaches that policy actors ignore regional politics at their peril.
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In Harold Innis’ (1956 A) essay 15, Decentralization and Democracy, he highlighted that the
rise of the petroleum and hydroelectric staples in the 20th century contributed to regional
segmentation much more than previous staples such as fur and wheat. He warned, “the
complex problems of regionalization in the recent development of Canada render the political
structure obsolete”. In addition, he advised that national-scale policies that only manipulated
“a single instrument” could favour certain regions at the expense of others. 16 In this new
institutional and economic situation, Innis stated “each region has its conditions of equilibrium
in relation to the rest of Canada and the rest of the world” (Innis 1956 A, 370-371).

Seventy years after its publication, we can now see the relevance of these insights in the
context of the new problem of climate change, and the enduring impact of both the hydro and
oil staples. Canada has not constructed a national energy system to share the costs and benefits
associated with the production and consumption of either hydroelectricity or oil. These systems
remain highly regionalized. We have seen in climate change policy debates that the
implementation of uniform policies, such as a national carbon price, has potential to trigger
regional political conflict (see section 2.4). Each resource also links to a different technoeconomic paradigm at the global level. Hydroelectric based development blocks will need to
expand towards new technologies and geographies, and thus promote global clean energy
transitions. The oil sands are particularly dependent on the maintenance of the fossil fuel
paradigm because this resource relies upon international demand for oil products continuing to
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Originally published in 1943, Canadian Journal of Economics and Political Science 9, 317-30.
Innis provided a monetary policy example. The influence of tariffs promoting industrialization in one region and
creating burdens for the western wheat economy is another example.
16
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grow. The oil and hydro staples do not mix. Each has a different condition of equilibrium in
relation to the techno-economic paradigms followed by the rest of the world, and national
policies create different cost and benefit equations for each staple’s respective regional base.

Furthermore, the carbon trap pattern warns that the reaction of the oil based energy
system to disruptions produced by global market changes (e.g. resulting from political decisions
or reduced demand) could further deepen the trap for a period of time. The circular pattern of
the trap is created when actors react to periods of crisis by furthering staples exploitation. This
could manifest itself in calls for new pipelines to reach different markets, reduced regulatory
oversight, or opposition to climate change policies that could increase the costs of production.
We have witnessed these sorts of reactions via the renewed push by the federal government to
develop new means of oil product transportation in the wake of US delays in making a decision
on the Keystone XL pipeline (see Vancouver Sun 2011) and the federal government’s weakening
of environmental standards (see MacNeil 2014; Toner and McKee 2014).

The reality of regional segmentation makes it less likely that Canada will be able to
successfully manage the process of “creative destruction”, inherent in transitions, if this process
has differing regional effects. It has been a challenge for Canadian economic institutions to
redistribute costs and benefits across regions, especially within resource sectors (Jenkin 1983).
This means diversity could become a barrier to expansion of low-carbon development blocks.
Of course, an ideal institutional and political arrangement would make Canada’s energy
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diversity an asset, since diversity can increase resilience in the face of changes, and open up the
possibility of multiple development pathways.

These complications suggest a need to consider the nature of low-carbon pathways within
the structural context of oil-based systems themselves. We need to find the “conditions of
equilibrium”, that could enable the most fossil fuel dependent regions in Canada to
complement rather than resist low-carbon developments, either internal to their own
economies or in other parts of the country. Regions currently dependent on oil production and
export need to find their unique pathways towards a global green energy economic paradigm.
This is a more challenging proposition than outlining low carbon systems stemming from
hydroelectricity. Fortunately, we are better equipped to consider transitions in the oil sands
having explored both staples and sustainability transitions frameworks, and having examined
how transformative linkages were developed in the hydro-based cases.

As noted in the final section of article #1, staples theory provides some guidance on how
transformation can occur out of a resource sector towards new economic pathways via the
exploitation of certain linkages. To find a sustainability transition pathway these linkages would
have to be consistent with a low-carbon economy. This means the route away from the carbon
trap could differ substantially from previous policy agendas aimed at avoiding staple traps (see
article #1 as well as Haley [2014 B]). While articles #2 and #3 involved complementary or
symbiotic relationships between hydroelectricity and other technologies, green linkages from
the oil sands might involve a parasitic relationship with certain segments of the oil system, but
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beneficial developments for the regional economy. Green technology linkages will seek to
undermine the environmentally destructive aspects of the oil-based production system from
within.

The idea of green linkages or socio-technical overlaps with the oil sands system is not an
absurd proposition. The Helmhotz-Alberta Initiative is researching the use of enhanced
geothermal energy in the oilsands. 17 The Pembina Institute released a report on renewable
energy opportunities in the oil and gas sector (Lovekin et al. 2013). Satya Das (2009) voices an
aspiration for Alberta to use its oil-based economy to transition towards a green future in his
book titled “Green oil”.

The search for low-carbon configurations within the oil sands is better informed by this
dissertation’s consideration of the hydro case. The case selection strategy of this dissertation
was to consider the hydroelectric context, where green linkages were more likely to occur, and
where the staple trap was less likely to occur. This provides added information for future
research to consider the more challenging case of finding green low-carbon linkages within a
fossil fuel based system.

The hydro cases highlighted the importance of organizational and institutional overlaps that
enabled clean technology innovation, including the development of clean energy visions, as

17

This is a joint research project with Alberta and German partners. Note the existence of legitimacy challenges.
German participation has been criticized within their own country due to the perception that German scientists are
promoting a high carbon resource. See Weber (2013).
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well as the presence of certain research niches. These findings within the hydro case studies
points towards the benefit of significantly expanding the definition of linkages or technological
overlaps, well beyond material and financial dimensions. Green linkages are more likely to be
discovered by exploring how knowledge developed within the oil sands could have different
applications, or how organizational infrastructures could undertake different activities.

In contrast with the hydro cases, the shape of low-carbon configurations linked to the oil
sands is not entirely clear. In article #2 and #3, electric vehicles and wind energy were chosen as
topics because governments and other actors already pronounced visions associated with the
potential for these technologies to be complemented by hydroelectricity. The cases explored
this proposition. In the case of oil sands, visions of potential low-carbon pathways need to be
brought to the surface. This could help fulfil the “guidance of the search” function in the TIS
framework, or help visualize different development blocks (Dahmen 1989; Dahmén 1991) . An
initial methodological step could include a survey of potential technological complements.
Various futures research methodologies, such as scenario planning or Delphi techniques (see
Glenn and Gordon 2009) could be used to highlight potential low-carbon configurations, and
important niche technologies. After entrepreneurial visions are brought to light, methods such
as the technological innovation system approach used in article #2 could be deployed to
facilitate the development of those low-carbon technologies identified to have the greatest
potential. Just as hydroelectricity was not capable of fully promoting all system innovation
functions, it is unlikely that complementary overlaps with the oil sands will be able to promote
entirely new innovation systems. For instance, the oil sands might provide a market for
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enhanced geothermal energy, but a geothermal innovation system will likely need to develop
its own entrepreneurs, political coalitions, research and development activities, human
resources, and targets that help guide technological development.

The approach suggested resembles the transitions management policy framework, which
highlights the importance of visions, niche level experiments, and preparation of the regime for
change (see section 3.1, p. 65 as well as Kemp and Rotmans 2005; Rotmans et al. 2001; Kemp et
al. 2007). Staples theory adds how linkages or overlaps could be exploited in a way that
promotes transformation of regional and sectoral environments based on oil production and
export.
5.3 Conclusion
Canada has a wide diversity of energy systems, as well as cultural and political
environments. The different environments are highly segmented. Canada’s geography
encompasses multiple niches, and sub-regimes. This diversity can lead to political conflicts and
complicate national policy initiatives. In this context, defining a single Canadian transition
pathway is ill advised. Numerous policy challenges as well as possibilities for low-carbon
transition pathways stem from these diverse environments, and their interactions with the
global economy. The country’s history has demonstrated the propensity for resource sectors to
have a profound impact on economic and political institutions. Dynamics within resource
sectors can produce a carbon trap leading to dependence on the export of fossil fuels. However
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Canada’s endowment of clean energy resources can also help create low-carbon technological
configurations.

The layers of complexity, diverse social and technological landscapes, and linkages between
domestic and global economies make an evolutionary perspective particularly appropriate to
studying the barriers and opportunities encountered in the Canadian situation. This dissertation
explores how the evolutionary low carbon transitions framework can be applied in Canada. The
introductory essay and the three articles make a series of empirical and theoretical
contributions. The introductory essay provides the building blocks of a Canadian low carbon
transitions research agenda by introducing topics relevant to Canada’s energy policy context. It
highlights the relevance of Canada’s natural resource endowments and resource export
strategies, the prominence of regional politics, and the importance of understanding Canadian
energy innovation patterns. It also introduces sustainability transition studies and Canadian
political economy as appropriate and complementary theoretical frameworks. The first article
in the dissertation provides a historically grounded theory of Canada’s carbon lock-in problem
and the implications of a bitumen resource export strategy. It provides a new synthesis of
staples theory in the age of climate change and demonstrates that sustainability transitions
frameworks can be combined with other theories to add context. The paper argues that
Canadian climate policy approaches should take a systemic perspective, considering multiple
interactions between technologies, and between regional resource economies and macro-scale
economic paradigms. Articles #2 and #3 outline promising low-carbon development trajectories
created through technological complements between hydroelectricity and the emerging
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technologies of wind and electric vehicles. These articles present recent histories of low-carbon
innovation activities in Canada. They each provide novel applications of the sustainability
transitions frameworks to the Canadian context. The articles also demonstrate that systemic
analytical perspectives can be used to grapple with the problems and opportunities associated
with Canada’s natural resource staples. The articles also present policy lessons. They highlight
that technological complementarity between new low-carbon technologies and hydroelectricity
is not automatically achieved. A series of innovation processes need to be activated and
promoted. Both articles demonstrate that it is often pre-existing organizational and institutional
structures that help to activate important innovation activities. The wind case additionally
notes how technological complements are achieved by working through a series of structural
tensions between technologies with the potential to crowd-out and out-compete.

This dissertation provides an initial exploration and by no means an exhaustive analysis of
Canada’s low-carbon transition challenge. It aims to define key contours of the topic. It outlines
theoretical methodological frameworks and examples of low-carbon transitions research in
Canada. These initial explorations naturally lead toward further ideas and areas where the
application of a low-carbon transitions framework could be applied, thus the introductory essay
concludes by asking more questions. This is perhaps the most appropriate result. As Veblen
(1919/2003, p. 8) stated “the outcome of any serious research can only be to make two
questions grow where only one grew before”. This dissertation’s broad exploration of the
nature of low-carbon transitions in the Canadian context has identified, at least, two new
research questions. First, the importance of promoting complementary linkages between the
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hydro resource and other low-carbon forms of electricity generation highlights the need to
consider the implications of further hydroelectric production and trading for low-carbon
development within importing jurisdictions. A key question relates to finding a policy mix that
ensures hydro imports maximize the potential for low-carbon innovation. Secondly, there is a
need to explore the transition pathways that can evolve from Canada’s regional and sectoral
systems based on the exportation of crude oil. Here we must ask what low-carbon pathways
can be identified within the oil sands system, which could allow actors and policymakers to
steer clear of the carbon trap? These new questions demonstrate the success of the case study
research conducted in the three articles, since case studies often make their most successful
contributions by introducing ideas that can be explored in different contexts (see Flyvbjerg
2001).

The need for more research within Canada’s diverse landscape of regional energy systems
also re-iterates the benefit of a transitions policy approach in the Canadian context. This
approach takes full account of the challenges and opportunities that are often quite specific to
different sectors, technologies, and regions. The variety of different selection environments and
possible technological configurations in the Canadian situation introduces the potential for
transformative change, if appropriate processes and socio-technical combinations can be
identified and encouraged.

There will not be a uniform, single, solution to evading Canada’s carbon trap and
transitioning to a low carbon economy. Rather Canada’s climate change policy will need to

113

focus on managing a complex, evolutionary process. This involves encouraging suitable
technological complementarities, tensions, and regional interactions. New questions will no
doubt continue to arise as the transition process unfolds.
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