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Abstract

Smart grid (SG) is modern electricity infrastructure that has the capacity to facilitate
mitigation and adaptation to climate change through technological, institutional, and behavioral
interventions. However, despite the capacity to respond to climate change, development and
deployment of SG technology also has the potential to facilitate increased GHG emissions or result in
the development of a maladaptive grid. By formally integrating climate change considerations into
SG deployment regimes, electricity stakeholders can mitigate the risk of contributing to GHG
emissions or implementing a maladaptive grid as well as ensure that SG deployment facilitates a
comprehensive and efficient response to climate change.

The purpose of this research was to explore the SG deployment regime in Ontario between
2004 and 2013 within the context of climate change. Specifically, this thesis aimed to evaluate
evidence of climate change integration within Ontario’s SG deployment regime and identify gaps in
climate change integration. Ultimately, the objective was to identify areas of SG deployment where
climate change integration could be strengthened to assist stakeholders in implementing a SG that
results in a positive and comprehensive response to climate change.

Through a content analysis of publically available documents published by electricity
stakeholders, it was found that several SG initiatives inadvertently demonstrated climate change
integration or an inadvertent response to climate change. There was no evidence that electricity
stakeholders explicitly considered climate change in SG deployment activities. In particular, gaps
were identified in components of climate change integration related to climate change impact
assessments, project evaluations, long-term planning, and consumer education and public awareness.
Overall, it is recommended that electricity stakeholders take measures to explicitly consider climate
change in future SG deployment activities. As Ontario is a global leader in SG deployment, climate
change integration in Ontario’s electricity sector could set a precedent and inspire other jurisdictions

pursuing SG technology to do the same, both across Canada and globally.
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Chapter 1: Introduction

Section 1.1: Climate Change and Electricity Systems

For most households and businesses, a steady and reliable electricity supply is an invisible, taken-
for-granted amenity. However, the infrastructure necessary to generate and deliver energy to homes and
businesses is “indispensable to modern society” (Bompard, Napoli and Xue, 2009, p. 5). As the impacts of
climate change become increasingly evident, it is clear that climate change poses both a challenge and an
opportunity for energy and electricity sectors.

In their 2014 report, the Intergovernmental Panel on Climate Change (IPCC) stated that the
energy supply sector is the largest contributor to greenhouse gas (GHG) emissions globally. Specifically,
the IPCC notes that in “2010, approximately 35% of total anthropogenic GHG emissions” were attributed
to activities involving “energy extraction, conversion, storage, transmission, and distribution” (IPCC,
2014, p. 518, p. 516). Additionally, electricity generation, transmission and distribution in Canada
contributed to 12% of Canada’s total GHG emissions in 2012 (Environment Canada, 2013a). It is
recognized that electricity sectors have a significant role to play in implementing measures to mitigate
climate change. Climate change mitigation (CCM) refers to *“ a human intervention to reduce the sources
or enhance the sinks of greenhouse gases” (IPCC, 2012a, p. 561). The IPCC (2014) highlights three
fundamental components of CCM specifically for electricity sectors. First, CCM may involve the
decarbonizing of power generation through the integration of renewable sources. Second, CCM can
involve substituting low-carbon electricity “for direct use of fossil fuels in buildings and industry” as well
as for transportation fuels (p. 560). Finally, CCM in the electricity sector involves reducing energy
demand using technology and other practices.

Ironically, while the electricity industry contributes to the GHG emissions that cause climate
change, electricity infrastructure is vulnerable to disruption and damage as a consequence of a changing
climate. Therefore, it is necessary for the electricity sector to introduce climate change adaptation (CCA)

1



measures in addition to mitigation initiatives. For the purpose of this research, climate change adaptation
(CCA) is defined in response to the specific risks that climate change poses to electricity infrastructure.
CCA refers to measures intended to limit susceptibility of electricity infrastructure to damage, reduce or
eliminate the risk of outage, or manage electricity loads.

Climate change increases the vulnerability of electricity infrastructure in three primary ways.
First, climate change is predicted to cause a change in electricity demand. Specifically, increased
electricity demand for heating and cooling during instances of extreme temperatures may exceed
generation and transmission system capacity, resulting in less efficient power delivery or loss of service
(i.e., a “power outage”) (Bedsworth and Hanak, 2010; Ward, 2013; IPCC, 2014). Moreover, periods of
high temperatures can cause transmission infrastructure to work less efficiently due to additional
resistance and ultimately result in “breakdown of equipment and service disruption” (Nierop, 2014, p. 79).

Second, climate change is predicted to cause an increase in the frequency and severity of extreme
weather events (IPCC, 2007b). Ward (2013) notes that because a large portion of electricity infrastructure,
such as overhead lines and outdoor substations, are exposed to weather, they are vulnerable to damage.
Nierop (2014) draws particular attention to the risk that flooding poses to substations and electricity
infrastructure that is located underground as well as the risk that violent storms pose on overhead power
lines.

Third, changes in the availability of renewable energy sources associated with climate change
could make electricity supply more vulnerable to shortages. Climate change is predicted to cause changes
in wind speeds, changes in cloud cover as well as alter precipitation patterns, temperature and seasonal
and total runoff (Nierop, 2014, p. 79). While the availability of renewable energy sources will depend on
“regional circumstances,” such changes in climate conditions could make it more challenging for

electricity providers to ensure a secure supply of electricity from renewable sources (Nierop, 2014, p. 79).



Not only is loss of service disruptive to those who rely on electricity, but the interconnected
nature of our modern infrastructure systems means that large-scale outages can result in “cascading”
infrastructure failures. A cascading failure refers to a situation when failure in one infrastructure system
results in “failure across multiple systems (Kelly, 2015, p. 2). Ultimately, a cascading failure associated
with loss of electricity service can threaten the function of vital societal services including sanitation
facilities, hospitals, transportation, and communication (Graham, 2010; Hellstrom, 2007). Furthermore,
power outages can result in significant economic loss. For instance, the 2003 blackout in Eastern Canada
and the Northeastern United States cost the Ontario economy 18.9 million lost work hours and reduced
the national GDP in Canada by 0.7% in August (Natural Resources Canada and U.S. Department of
Energy, 2006). Furthermore, it is estimated that storm related power outages between 2003 and 2012 cost

the US economy US$18 billion to US$33 billion per year (Executive Office of the President, 2013).

Section 1.2: Smart Grid Deployment in Ontario

The smart grid (SG) is modern electricity infrastructure that has the capacity to facilitate
mitigation and adaptation to climate change (Stephens, Wilson, Peterson & Meadowcroft, 2013). The
Ontario Ministry of Energy (OME) (2009) defines SG as “the advanced information exchange systems
and equipment that when utilized together improve the flexibility, security, reliability, efficiency, and
safety of the integrated power system and distribution system” (p. 13). The specific technologies
associated with SG and their roles in CCM and CCA are discussed in more detail in Chapter 2.

Electricity stakeholders in Ontario have made significant progress updating conventional
electricity infrastructure with SG technology. In 2009, the OME adopted the Green Energy and Green
Economy Act (GEGEA) that specifically mandates SG development in Ontario (Ontario Smart Grid
Forum, 2011). Specifically, in the GEGEA, the OME states that the SG development and deployment is

intended for the following purposes:



For... enabling the increased use of renewable energy sources and technology,

including generation facilities connected to the distribution system; expanding

opportunities to provide demand response, price information and load control to

electricity consumers; accommodating the use of emerging, innovating and energy-

saving technologies and system control applications. (Ontario Ministry of Energy,

2009, p. 13)

Through directives, incentives and funding, the OME has encouraged a wide range of investment in
SG development and innovation. Most notably, Ontario is the first jurisdiction in North America to install
in each house and small business a “smart meter” which is a device that facilitates bi-directional
communication between electricity consumers and utility companies (Briones and Blasé, 2012; Gellings,
2011). This component of SG technology effectively enables utility companies to adopt Time of Use
(TOU) pricing models. TOU seeks to shift electricity demand away from peak-use times by higher pricing
at these times as a means of reducing the peak demand that electricity generation and delivery
infrastructure must be sized to meet. Lower peak demand can mitigate climate change as it reduces the
demand on generation facilities. Lowering peak demand is especially effective for CCM if the energy
supply is replaced with a lower carbon electricity source. As previously mentioned, Chapter 2 provides
more detail on the specific SG technologies that facilitate CCA and CCM.

In conjunction with the deployment of SG technology in Ontario, the GEGEA also provides a

policy framework to promote an increase in the production of renewable energy as well as encourage a
“culture of conservation” in households and businesses in the province. Complimenting the goals of the
GEGEA, Ontario’s Long Term Energy Plan (LTEP) (Ontario Ministry of Energy, 2013a) commits the
province to having 20,000 MW of renewable energy “online” by 2025, reflecting approximately half of
Ontario’s installed capacity (p. 6). Additionally, the OME set an ambitious long-term conservation target
of 30 terawatt-hours (TWh) by 2032 (p. 5). As of 2013, the province-wide conservation initiative resulted

in 8.716 TWh of energy savings, achieving 29% of the 2032 target (Environmental Commissioner of

Ontario, 2014, p. 89).



The objectives outlined in the GEGEA and the LTEP require the involvement of stakeholders
operating throughout Ontario’s electricity sector. In particular, all licensed Local Distribution Companies
(LDCs) in Ontario have been required to roll out smart meters to all homes and businesses, and to develop
and implement a Conservation and Demand Management (CDM) strategy. As the GEGEA and the LTEP
are implemented, LDCs are required to utilize smart meter technology and CDM programs together as a
means to promote efficient energy use and encourage consumers to adopt electricity-conserving practices.
Given that the success of these programs is contingent on consumer uptake and behavior change,

education and awareness building activities are critical components of all CDM initiatives.

Section 1.3: Climate Change Integration and Smart Grid Deployment

While SG refers to a diverse range of modern electricity delivery technologies, it is important to
understand that the SG deployment process requires a behavioral, social and institutional paradigm shift in
order to ensure an effective technological transition (Stephens et al., 2013). With regards to climate
change, SG is capable of facilitating CCM and CCA from both a technological standpoint (i.e., the
integration of renewable energy sources), as well as from a behavioral and institutional perspective
(energy conservation and demand management). This is discussed in more detail in Chapter 2.

Stephens et al. (2013) note that it is incorrect to assume that the SG will inherently contribute to
CCM and CCA efforts. Because SG deployment is a continually evolving process and involves the
implementation of a diverse number of technologies, it is very possible that SG technology can be
deployed in a manner that does not contribute to CCA and CCM. For instance, Stephens et al. (2013) go
so far to argue that if climate is not a consideration during SG deployment, there is a risk that the SG
could actually lead to an increase in electricity consumption and generation, perpetuate GHG emissions
and facilitate maladaptive practices. For example, consumers who have not been educated on SG,
conservation and climate change may increase electricity consumption by adopting “novel electric

devices” such as smart appliances, thinking them more efficient; the electrification of transportation
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without any demand management or conservation considerations elsewhere in the sector could increase
peak demand (p. 203). Furthermore, without considering climate impacts on electricity infrastructure, SG
deployment may result in an electricity system that is unable to cope with future climate extremes
(Stephens, et al, 2013, p. 203).

Stephens et al. (2013) recommend that electricity stakeholders integrate climate change into the
formal electricity system decision-making structures to ensure that SG deployment results in positive
progress towards climate objectives. This recommendation is consistent with the vast body of literature
highlighting the importance of integrating or “mainstreaming” climate change policy to ensure that all
stakeholders in a given sector are considering climate change as part of their operations (see Chapter 2).
The benefits of this are twofold. First, by integrating climate change considerations into SG planning and
deployment, electricity stakeholders can ensure that the implemented SG technology does not contribute
to GHG emissions, is not maladaptive, and does not result in a grid that is vulnerable to climate change-
related damage. Second, in the case of Ontario, the Province has invested a substantial amount of money
to both implement SG and respond to climate change. Integrating climate change considerations into SG
deployment is an effective way to ensure that provincial funding is being allocated efficiently given that
integration can also ensure that the behavioral, social, and institutional paradigm shift towards SG

complements the policy, technical and behavioral objectives necessary to respond to climate change.

Section 1.4: The Research

The purpose of my research is to explore the SG deployment regime in Ontario within the context
of climate change. Specifically, I explore SG deployment between 2004 and 2013 through a climate
change lens as a means to evaluate evidence of climate change integration within Ontario’s SG
deployment regime. The overall objective is to highlight components of SG deployment that demonstrate
evidence that electricity stakeholders considered not only possible contributions to climate change

response and climate change impacts, but also to identify potential shortcomings or gaps where
6



integration could be strengthened. Through this research I consider both the process and outcome of SG
deployment. Specifically, the former was explored through consideration of policy, program objectives
and SG planning, while the latter examined the specific technology that was deployed between 2004 and
2013.

The following questions guided my research inquiry:

Research Question #1: Given the conceptualization of climate change integration in SG deployment
articulated by Stephens et al. (2013) and content found in publically available documents published by
electricity stakeholders, what evidence indicates that climate change considerations have been integrated

into the SG deployment regime in Ontario?

Research Question #2: In which components of SG deployment in Ontario could there be a more
targeted effort to integrate climate change considerations into smart grid deployment and ensure that SG

technology facilitates a comprehensive response to climate change?

To answer my research questions I conducted a content analysis of publically available
documents published between 2004 and 2013 by stakeholders involved in SG deployment in Ontario.
Documents include OME policy and directives, Ontario Energy Board (OEB) regulations and technical
reports, Ontario Smart Grid Forum reports as well as annual reports, CDM strategies and reports, and
business plans available from the LDCs operating throughout the province. The document selection
process is outlined in more detail in Chapter 4.

The data collection and analysis process took place over several phases and involved using both
manifest and latent content analysis techniques. Manifest content analysis refers to a technique that
involves analyzing the frequency of “words, phrases or concepts in text” (Silverman and Patterson, 2015,
p- 99) and is useful for assessing the nature of discourse in a given text. For this research I developed and

applied an evaluative framework that utilizes manifest content analysis techniques. Specifically, the



Climate Change Integration Evaluative Framework (CCIEF) was used to rank and evaluate selected
keywords indicative of SG deployment activities that are relevant to climate change integration.

In contrast to manifest content analysis, latent content analysis is a non-numerical approach to
content analysis and involves using open coding techniques to identify “underlying meanings and patterns
in data being analyzed” (Silverman and Patterson, 2015, p. 101). I used latent content analysis to further
explore and contextualize manifest content analysis findings.

Together the manifest and latent content analysis were used to evaluate evidence of climate
change integration in various components of SG deployment and identify areas of SG deployment that
could be strengthened to integrate climate change considerations. The methodology and methods

employed for this research will be discussed in detail in Chapter 4.

Section 1.5: Contribution

With regards to SG literature, this research examines Ontario’s SG deployment program within
the context of climate change. Not only is this perspective distinct from existing SG research in Ontario, it
is also a relatively new field of study in the broader context of SG literature. Broad SG literature primarily
focuses on technological applications as well as the political and social dimensions of deployment.
Although there has been discussion on the role of SG deployment in responding to climate change, it has
been less extensive and discussion on climate change integration in SG deployment has been relatively
limited. This research expands on the work of Stephens et al. (2013) by using the general
recommendations for climate change integration outlined in their paper to inform a quantitative and
qualitative evaluation of integration within the SG deployment regime in Ontario.

In addition to its contribution to SG literature, this research is also a unique contribution to
climate change literature. Existing literature published on the subject of climate change policy
implementation highlights the importance of policy integration or “mainstreaming,” yet there are minimal

attempts to assess or evaluate such integration in a large multi-stakeholder sector. Although the use of the
8



Climate Change Integration Evaluative Framework (CCIEF) was developed specifically to assess climate
change integration in the SG deployment process (see Chapter 4), this method of content analysis could be
adapted to include sector-specific indicators and applied to assess climate change integration in other
sectors such as land use planning and development. .

Finally, this research is an important contribution to both SG and climate change policy
development and implementation because it will provide a comprehensive view of SG deployment
activities and climate change objectives and initiatives underway throughout the electricity sector between
2004-2013, as well as the factors that drive such activities. Furthermore, this holistic perspective will
allow me to provide context-specific recommendations for electricity stakeholders in Ontario to
strengthen climate change integration in the SG deployment regime. Such recommendations, while
context-specific to SG implementation in Ontario, are relevant to other jurisdictions seeking to deploy SG
technology as a means of responding to climate change. I argue that SG deployment not only offers
electricity stakeholders the opportunity to integrate climate change response activities, but also that
climate change integration is necessary for electricity stakeholders to ensure that infrastructure serves to
both mitigate and adapt to climate change in a cost-efficient, comprehensive, consistent and continuous

manncr.

Section 1.6: Thesis Structure

This thesis consists of seven chapters including the introductory chapter. In the following chapter
(Chapter 2: Literature Review), I outline previous literature and research in the fields of climate change,
SG and policy integration. Chapter 3 provides relevant contextual information on the electricity sector in
Ontario, the SG deployment regime and the broad climate change initiatives underway in the sector
between 2004 and 2013. Chapter 4 discusses the research methodology and research method employed for
this research as well as describes the data collection and analysis process. In Chapter 5 I present my

research findings and answer my research questions while in Chapter 6 I consider the research findings in
9



the context of broader literature. Finally, in Chapter 7, I conclude the thesis and provide recommendations

for practice and for future research.
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Chapter 2: Literature Review

This chapter is divided into five major sections. In Section 2.1 I discuss CCM and CCA as climate
change response measures with a focus on literature pertaining to CCM and CCA initiatives identified in
energy and electricity sectors. In Section 2.2 I discuss existing research on SG technology and SG
deployment. Specifically, I outline the technological capacity that SG technology and applications have
for climate change response. In Section 2.3 I discuss existing literature on policy integration and
mainstreaming. Section 2.4 focuses on the methods employed in this field of research and Section 2.5
highlights the literature gaps and the contributions this thesis makes to the SG, climate change and policy

integration fields of research.

Section 2.1: Managing Climate Change Risk

Climate change did not emerge as a public issue on scientific and political agendas until the late
1970s despite the fact that scientists have been aware of climate change since the 1820s (Harding, 2007;
Gupta, 2010). Climate change is defined as “a change in the state of the climate that can be identified by
changes in the mean and/or variability of its properties, and that persists for an extended period, typically
decades or longer” (IPCC, 2007a, p. 943). While the IPCC notes that their definition of climate change
does not inherently attribute climate change to human activities, in their Fourth Assessment Report
(2007b), they concluded, “there is a very high confidence that the net effect of human activities since
1750 has been one of warming” (p. 5). Specifically, industrial activities have increased the emission of
GHGs, which contribute to the greenhouse effect or the “trapping” of heat caused both by their reflection
of the planet’s thermal infrared radiation and atmospheric radiation within the earth’s troposphere (IPCC,
2007b).

There are two primary strategies to manage climate change risks: mitigation and adaptation

(Ayers and Hug, 2009). As discussed in Chapter 1, climate change mitigation (CCM) is defined as “a
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human intervention to reduce the sources or enhance the sinks of greenhouse gases” (IPCC, 2012a, p.
561). Climate change adaptation (CCA) refers to “an adjustment in natural or human systems in response
to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial
opportunities” (IPCC, 2012b, p. 5; also cited in Bulkeley and Tuts, 2013; Tompkins et al., 2010).
Essentially, both strategies are intended to “reduce the undesirable impacts of climate change” (Ayers and
Hugq, 2009, p. 753). However, the strategies differ in that CCM is largely an attempt to “avoid the
unmanageable” while CCA is a strategy to “manage the unavoidable” (Laukkonen, et al., 2009, p. 288).

Adaptation to climate change is a relatively recent addition to the climate policy agenda.
Historically, policies intended to address climate change focused primarily on mitigation and were largely
“synonymous with energy policy” (Klein, Schipper and Dessai, 2005, p. 583). Initially, climate change
was framed as an environmental program and mitigation, as a technological response, was emphasized in
both research and policy (Swart and Raes, 2007; Preston, Westaway and Yuen, 2011). Furthermore,
mitigation received more political and academic attention than adaptation because mitigation practices
have global implications, while most adaptation strategies are more impactful at the local level (Swart and
Raes, 2007; Fussel and Klein, 2006).

It is now acknowledged that climate change is not only an environmental issue, but is also
relevant in discussions pertaining to social and public policy, resource law, and the economy (Dovers and
Hezri, 2010). This, in combination with “increasing evidence of climate change impacts” has resulted in a
surge of adaptation research, policies and projects (Biesbroek et al., 2010, p. 440). There is now a growing
recognition in the literature that both CCM and CCA are necessary responses to climate change as we
must both limit future contribution to climate change as well as prepare for the consequences of past

behavior and consumption patterns (Laukkonen, et al., 2009; IPCC, 2012b; Klein, et al., 2005).
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Section 2.1.1: Climate Change Mitigation

CCM approaches to reduce GHG emissions typically result in “emissions trading schemes, carbon
emissions capping, and the hope of achieving GHG reduction targets ‘in time’ to prevent worst case
scenarios of global warming” (Ayers and Huq, 2009, p. 755). As previously mentioned, much of the
international negotiations and global collaboration aimed at responding to climate change has been
focused on mitigation. Of particular significance is the Kyoto Protocol, a large multi-state agreement that
was adopted in 1997 and came into force in 2005 (Gupta, 2010). The Kyoto Protocol called for a 5.2%
emissions reduction of six GHGs (carbon dioxide, methane, nitrous oxide, HFC, SF¢ and PFCs) in
developed countries (Gupta, 2010). While Canada originally ratified the Kyoto Protocol, it withdrew in
2011 after a change in Federal leadership. In 2009 Canada committed to reducing GHG emissions 17%
from 2005 levels by 2020 under the Copenhagen Accord (Environment Canada, 2013b), an international
agreement that in contrast to Kyoto, was not legally binding (Kypreos, 2012). Additionally, in Canada’s
2015 Intended Nationally Determined Contribution (INDC) submission to the United Nations Framework
Convention on Climate Change (UNFCCC), Canada committed to reducing GHG emissions by 30%
below 2005 levels by 2030 (UNFCCC, 2015).

In their Fifth Assessment Report, the IPCC (2014) discusses possible mitigation strategies for a
number of specific sectors: energy systems, transport, buildings, industry, agriculture, forestry and other
land uses as well as human settlements, infrastructure and spatial planning. While there are mitigation

strategies specific to each sector, I will focus my discussion of CCM to strategies within the energy sector.

CCM Strategies for Energy Supply
In their Fifth Assessment Report, the IPCC (2014) reported that in 2010 the energy supply sector
was responsible for 35% of total anthropogenic GHG emissions making the sector the “largest contributor

to global greenhouse gas emissions” (p. 518). According to the IPCC, the energy supply sector comprises

13



“all energy extraction, conversion, storage, transmission and distribution processes with the exception of
those that use final energy to provide energy services in the end-use sectors” (IPCC, 2014, p. 518). In the
Fifth Assessment Report, the IPCC (2014) goes on to note that 75% of GHG emissions over the last
decade can be attributed to electricity and heat generation, 16% of emissions were caused by fuel
production and transmission while petroleum refining contributed to 8% of total GHG emissions for the
sector.

In their 2014 report the IPCC notes that there are three “generic components” of CCM in the
energy sector: decarbonizing power generation, substituting electricity use for fossil fuels, and reducing
energy demand (p. 560). Specific strategies outlined by the IPCC for the energy supply sector include:
improving energy efficiency, reducing “fugitive non-CO, GHG emissions,” fuel switching (i.e., from coal
to natural gas), integrating renewable energy or nuclear energy sources as well as using carbon capture
and storage technologies (CCS) (p. 569). The IPCC emphasizes that no one mitigation option will result
in the reduction of GHG emissions required to “hold the increase in global average temperature change
below 2°C” (p. 569). Furthermore, the IPCC (2014) states that “climate change can only be mitigated and
global temperature be stabilized when the total amount of CO, emitted is limited and emissions eventually

approach zero” (p. 527).

Implementation

Generally, to achieve the desired GHG reduction it is necessary for federal, regional and local
policy makers to introduce sector-specific policy measures and instruments to achieve broader national
and global goals and objectives. In the case of Canada, while the federal government has established
“legislative instruments to address climate change,” the provinces and territories have statutory authority
over matters pertaining to natural resources, energy, and the environment (Canada Submission to

UNFCCC, 2015). Consequently, in addition to the GHG regulations mandated by the Federal government,
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each Canadian province maintains its own legal framework and policies to reduce GHG emissions
(Environment Canada, 2014).
Blechinger and Shah (2011) highlight a number of policy measures and policy instruments used

to reduce GHG emissions in the power generation sector (see Figure 1).

Switching to lower-
carbon technologies

Reducing demand for
energy
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" . Energy-saving
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Subsidies, special
loans Obligation
Obligation for
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Support of R&D

Figure 1: GHG Emission Reduction Policy Measures and Instruments
Source: Blechinger and Shah, 2011, p. 6335.

As shown in Figure 1, policy measures include objectives such as increasing the use of renewable
energy sources to replace natural gas, enhancing efficiency in power plants, changing electricity consumer
habits and adopting technology to facilitate energy savings and efficiency. To achieve these goals,
Blechinger and Shah (2011) suggest the use of policy instruments such as taxes, quotas, subsidies and

consumer education.
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Section 2.1.2: Climate Change Adaptation

What is CCA?

The IPCC (2012a) defines CCA both in terms of human and natural systems. In human systems
CCA refers to “the process of adjustment to actual or expected climate and its effects, in order to
moderate harm or exploit beneficial opportunities” (p. 556). In natural systems the IPCC (2012b) defines
CCA as “the process of adjustment to actual climate and its effects; human intervention may facilitate
adjustment to expected climate” (p. 556). Despite the fact that the IPCC definition for CCA is widely
accepted in literature, in contrast to CCM, adaptation to climate change is a relatively ambiguous concept.
Based on my review of the literature on CCA, it is possible that such ambiguity can be attributed to the
fact that in comparison to CCM, CCA is a recent concept and is largely dependent on local circumstances.
Consequently, there is no agreed-upon standard for CCA. Examples of CCA measures can include
relocating human settlements, building sea walls, diversifying crops, decentralizing energy generation and
changing land use patterns. It is worth noting that CCA can occur either as a reaction or in anticipation to
climatic trends or weather events (Smit, Burton, Klein and Wandel, 2000).

In contrast to CCM, CCA is extremely context specific and locally focused. An intervention that
is overwhelmingly effective in one community may not be appropriate in another due to the diverse nature
of climate change threats and the varying characteristics that make a system (a population, a community,
or an infrastructure system) vulnerable to climate change. As a result of the diverse practical applications
of CCA interventions, Klein et al. (2005) note that the benefits of adaptation are “difficult to express in a
single metric” (p. 581).

In the literature, the concepts of vulnerability, resilience and adaptive capacity are key themes
associated with the overall conceptualization of CCA. While vulnerability refers to “the potential for loss”
or the “propensity or predisposition to be adversely affected” (Cutter, 1996, p. 529; IPCC, 2012a, p. 564),

resilience can be defined as the ability of a system to “survive and function under extreme stress” and
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“recover quickly after a shock” (Godschalk, 2003, p. 137; Bruneau et al., 2003, p. 736). Essentially, the
overall goal of CCA is to minimize the vulnerability of a given system to climate change-related risk,
while also enhancing resilience (Kelly and Adger, 2000; McEvoy, Funfeld, and Bosomworth, 2013). It is
worth noting that the concept of resilience maintains multiple definitions. The term has its origins in the
field of ecology (Holling, 1973) but has been adopted by a number of other disciplines including materials
science, psychology, economics, sociology, and engineering (Molyneaux, 2012; Bruneau et al., 2003). In
the context of ecology, Holling defined resilience as “a measure of the persistence of systems and of their
ability to absorb change and disturbances and still maintain the same relationships between populations or
state variables” (p. 14). In the context of my research, I use the term resilience in the context of
engineering or hazards recovery (see definition above). In contrast to ecological conceptualizations of
resilience, engineering or hazards recovery-related definitions of resilience emphasize the ability of a
system to maintain function under extreme stress and recover after a shock (Steen and Aven, 2011;
Bruneau et al., 2003; McDaniels, et al., 2008; Goldschalk, 2003).

Given that my research is partially premised on the necessity for resilient infrastructure to
mitigate the risk of cascading infrastructure failures, it is also important to acknowledge the role of
systems theory in this context. Systems theory “approaches a complex system such as an organization,
city or region... as an integrated system of which all component parts have an impact or are impacted by
all others” (Kaiser and Smallwood, 2014, p. 95). An understanding of systems theory and the
interconnected nature of systems can assist individuals working on initiatives related to enhancing
resilience and adapting to climate change. Essentially, recognition of systems theory in this context can
mitigate the risk that an initiative to enhance the resilience of one system increases the vulnerability of
another.

Adaptive capacity refers to the ability of a system to adapt to climate change (Huq and Reid,

2004, p. 16). Nelson, Adger, and Brown (2007) highlight three primary features that determine the
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adaptive capacity necessary for a community to implement successful CCA measures: ability to cope
“while retaining structure and function,” the ability to “self organize,” and the capacity for learning (p.
65). Adaptive capacity is determined by socio-economic characteristics such as demographics, the
economic environment, the political atmosphere, governance structures, dominant natural resource

management practices, and the nature of civil society (Brenkert and Malone, 2005).

Implementation

Effective CCA implementation requires policy interventions, institutional changes, and a societal
paradigm shift to “[alter] the behaviors of individuals, households, communities, firms, and governments”
(Dovers and Hezri, 2010, p. 221; Bulkeley and Tuts, 2013; Pelling, 2011). Not only can CCA be both
proactive and reactive, but also adaptation can occur in an informal, autonomous or “serendipitous”
manner (Bulkeley and Tuts, 2013; McGray, Hammill and Bradley, 2007; Smit et al., 2000), as well as in
more formal or planned capacities. Not surprisingly, there is minimal literature published on informal
adaptation initiatives, while there has been more research on the subject of implementing formal CCA
plans for communities or municipalities.

Notably, Bowron and Davison (2011) identify six steps necessary for a municipality to implement

a formal CCA program (summarized in Table 1).
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Table 1: CCA Policy-Making Process

Step 1: Get Started

Raise awareness of the risks of climate change
and the necessity for adaptation amongst the
public, politicians and other relevant
stakeholders.

Step 2: Analyze how local climate will change

Accumulate relevant data and build climate
scenarios

Step 3: Scope potential impacts

Identify the expected impacts of climate
change within the policy area.

Step 4: Assess Risks and Opportunities

Note the area-specific risks and opportunities
associated with CCA impacts, evaluate the
adaptive capacity of the community and
develop priorities.

Step 5: Prepare Adaptation Plan

Draft an adaptation plan that not only identifies
goals and objectives but also highlights specific
policies and projects and the responsibilities of
various stakeholders.

Step 6: Adopt, Implement, Monitor and
Review Adaptation Plan

Formally adopt the policy and develop an
implementation strategy as well as make
appropriate budgetary considerations and
establish indicators and milestones

(Note: Adapted from Bowron and Davidson, 2011)

CCA implementation can involve policy, legal and behavioral interventions, as well as specific

technical solutions (Klein et al., 2005; Bedsworth and Hanak, 2010). Within the electricity sector

Bedsworth and Hanak (2010) highlight the use of a specific set of “tools” to facilitate CCA: structural,

planning and regulatory, response, and market-based. Structural tools refer primarily to processes

intended to make infrastructure more resilient, while planning and regulatory tools are policies aimed at

encouraging the use of different zoning procedures and limiting development in vulnerable areas.

Response tools refer to programs that further develop emergency procedures and market-based tools refer

to programs that financially incentivize adaptive activities.




While it is recognized that CCA benefits are most evident at a local scale, the fact that climate
change impacts often supersede the jurisdiction of any one level of government, policy sector or
community greatly challenges the implementation of a consistent CCA response (Reinecke and Bernard,
2011). Many argue that local adaptation is not enough and that action is required at all scales: national and
subnational governments, policy sectors, municipalities, communities and households (Dovers and Hezri,
2010; Olhoff and Schaer, 2010). Policy integration or “mainstreaming” is an approach that is often
advocated as a means to ensure consistent adoption of CCA measures across jurisdictions. Policy

integration will be discussed in detail in Section 2.3.

Section 2.1.3: Role of the Public

In addition to the role of technology and policy in facilitating climate change response, it is also
important to recognize that there is a role for the public in facilitating a response to climate change. In the
literature it is acknowledged that a full response to climate change (both in terms of CCM and CCA) will
require a modification in behavior at all scales from “international climate change policy making to
individual action” (Tompkins and Adger, 2005, p. 564). There are two key roles for individuals to respond
to climate change that have been emphasized in literature.

The first is with regards to individual behavior to mitigate or to adapt to climate change (Rees and
Bamberg, 2014; Dowd et al, 2012). Behavior changes specifically relevant to the electricity sector include
consumers’ adoption of energy efficient devices, conservation, load shifting, as well as involvement in
outage preparation strategies in emergency situations (Bedsworth and Hanak, 2010). The second key role
for individuals in facilitating climate change response is with regards to public policy development.
Specifically, it is acknowledged in the literature that individuals have the ability to “influence support or
opposition of” various methods of climate change response or “risk regulation” (Leiserowitz, 2005; cited
in Uggla, 2008, p. 718). Wendling et al. (2013) note that public support for climate change action is

“related to how individuals perceive the risks from climate change, with higher risk perceptions associated
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with greater support for immediate action” (p. 5155). Given the necessary role for the public in both
individually responding to climate change and in encouraging broader societal and political climate
change action, it is recognized in the literature that initiatives to increase public awareness and knowledge
about climate change are essential (Uggla, 2008; Dowd, Ashworth, Carr-Cornish and Stenner, 2012;
Boyes, Skamp and Stanisstreet, 2009).

However, while there is a consensus in the literature that initiatives to increase public awareness
and education with regards to climate change are necessary, there is less of a consensus on the
effectiveness of public awareness and education initiatives on facilitating behavior change. Yencken
(2000) noted that in a large international study there was a “pronounced relationship” between
environmental knowledge and behavior in secondary students, and Zsoka, Marjaine, Szechy and Kocsis
(2013) found a correlation between “the intensity of environmental education and the environmental
knowledge of students” (p. 126). However, Boyes, Skamp and Stanisstreet (2009) found that although
environmental awareness may be a prerequisite for “pro-environment behavior,” it might not
automatically facilitate behavior change (p. 663). Consequently, Boyes et al. (2009) assert that in
isolation, education is not the most effective method of modifying behavior. There are a number of
factors that can influence an individual’s willingness to change their behavior in response to a given issue.
Kollmuss and Agyeman (2002) highlight the following variables associated with pro-environmental
behavior: knowledge of the given issue, awareness of “action strategies,” “locus of control,” “verbal
commitment” and “individual sense of responsibility” (p. 247). Moreover, the idea that behavior change
tends to occur if the change would “reduce domestic costs,” while there was more resistance to adopting
pro-environmental behaviors that were inconvenient or “economically costly” (Fortner et al., 2000; Boyes
et al., 2009).

Given the various factors that influence the ability for consumers to change their behavior, Boyes

et al. (2009) argue that in order for education programs to be effective, they ought to be “complemented
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by structural changes including regulations and infrastructure” (p. 676). Arbuthnott (2010) further
articulates this view by arguing that individual behavior change is difficult without a degree of societal
change and “context management” is necessary (p. 14).

The role of the public in responding to climate change both in terms of changing behavior and
facilitating social and political change is a theme that I draw on in Chapter 6 to further explore my

research findings in the context of literature.

Section 2.2: Smart Grid and Climate Change Response

What is a Smart Grid?

A “smart grid” (SG) refers to a modern electricity delivery system that can be described as “a self
healing network equipped with dynamic optimization techniques that use real-time measurements to
minimize network losses, maintain voltage levels, increase reliability, and improve asset management”
(Momoh, 2012, p. 12). SG is “characterized by a two-way flow of electricity and information to create an
automated, widely distributed energy delivery network” (Gellings, 2011, p. 9). This contrasts with a
conventional power system, which is a system that maintains unidirectional electricity flow, minimal
monitoring technology and manual control functions (Alvial-Palavicino, Garrido-Echeverria, Jimenez-

Estevez, Reyes and Palma-Behnke, 2011). Figure 2 provides a comparison of a conventional grid and SG.
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Existing grid Smart grid

Mostly electromechanical Digital in nature
One-way communication Two-way communication
Mostly centralized generation Distributed generation
Sensors are not widely used Sensors are widely used
Lack of monitoring; only manual Digital self-monitoring
Failures and blackouts Adaptive and intelligent
Lack of control Robust control technology
Less energy-efficient Energy-efficient

Usually not possible to integrate Possible to integrate large-scale RE

RE
Customers have less scope to Customers can check uses and
modify uses modify

Figure 2: Comparison between conventional grid and smart grid
Source: Shafiullah, Amanullah, Shawkat and Wolfs, 2013, p. 24

The term “smart grid” was coined in the late 1990s and since 2000 there has been widespread
deployment and development of various SG technologies for electricity systems worldwide (ENBALA
Power Networks, 2011). In 2000, Italy became the first jurisdiction to implement a functioning SG
(ENBALA Power Networks, 2011). Specifically, this SG system included smart meters, concentrators,
modems and a central system (Rogai, 2007, p. 11). Boulder, Colorado is credited with operating the first
functional SG system in the United States. The initiative commenced in 2007 and included the installation
of “digital capabilities” across the grid including two-way communication, grid automation, and
continuous monitoring as well as the deployment of 23,000 smart meters in Boulder (Jaffe, 2012; Xcel
Energy, 2015). Ontario, Canada is the first jurisdiction in North America to initiate a smart meter roll out
(ENBALA Power Networks, 2011; Briones and Blasé¢, 2012).

SG deployment is driven by a variety of factors “ranging from financial pressures to
environmental requirements” (Gellings, 2011, p. 35). The gradual transition towards a SG is reflective of
change in the electricity sector more broadly. Not only is SG deployment an opportunity to modernize
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aging infrastructure, SG provides electricity stakeholders with an opportunity to respond to new demands.
For instance, there have been increasing policy pressures to increase renewable energy supply portfolios
and implement demand side management (DSM) strategies (Stephens, 2013). Given that SG technology
enables the integration of renewables and the operation of DSM programs, many policy objectives are
contingent on the availability of a functioning SG. In fact, Gellings (2011) notes that without a SG many
of the benefits of new electricity technology may not be realized. Consequently, policymakers may
mandate the development of a SG as a means to achieve other environmental, economic and social
objectives related to the electricity sector (Stephens et al., 2013, Gellings, 2011). Additionally, the desire
of technology companies to develop innovative products and the associated demand for those products are
other drivers of SG deployment. Gellings (2011) notes that SG technology is perceived as the “market
equivalent of the internet” and many companies and consumers are eager to participate in one of the
“most attractive business opportunities of the future” (p. 43). Finally the desire for utilities to prevent
outages and ensure a reliable supply of power is another key driver of SG deployment (Gellings, 2011,
Stephens, et al., 2013).

Despite the fact that the term “smart grid” is often used when referring to it as a single entity, a
SG system actually consists of a variety of infrastructure components that together facilitate the
generation, transmission, distribution, regulation and consumption of electricity. In literature, policy, and
publicly available documents, the term “smart grid” can refer solely to the hard technology and
infrastructure itself, or it can mean the infrastructure and all of the associated operational, regulatory and
consumption components associated with grid modernization (for instance, TOU pricing) (Stephens et al.,
2013). For the purposes of this research, I use the latter conceptualization of SG in my discussion.

In addition to the specific technology associated with SG deployment, it is also important to note
that SG reflects a paradigm shift in the manner that electricity is produced, distributed, consumed and

regulated. There are a number of economic, social and environmental benefits that can be attributed to the
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technological, institutional and social evolution associated with SG deployment (see Stephens et al., 2013;
Gellings, 2011; Momoh, 2012). For the purpose of this research, the benefits of SG will be discussed in
the context of CCM and CCA. Broadly, SG enables climate change response by facilitating demand side
management and conservation initiatives, allowing the replacement of fossil fuels with electricity
(electrification), enabling the integration of renewable energy sources onto the electricity grid, as well as
by enhancing grid reliability, flexibility, and resilience.

The following section highlights the technological components of SG and its applications that
have the capacity to contribute to both CCM and CCA efforts. However, it is important to note that SG
deployment does not automatically facilitate a response to climate change. As mentioned in Chapter 1,
Stephens et al. (2013) argue that in order to ensure that SG investments do not result in increased GHG
emissions due to the rebound effect or maladaptive infrastructure, it is necessary for stakeholders to
consider climate change throughout the deployment process. Stephens et al. (2013) outline eight general
strategies for electricity stakeholders to integrate climate change considerations into SG deployment (pp.
211-212).

1. “All SG investments should be assessed for potential contributions to climate change mitigation
and adaptation in the short and long term;”

2. “SG initiatives that contribute to energy efficiency and electricity conservation should be a
priority;”

3. “SG initiatives that facilitate the incorporation of low-carbon generation should be encouraged;”

4. “SG measures that support the emergence of local microgrids and enhance local community-
based energy systems are generally positive;”

5. “Particular attention should be paid to ways in which SG can enhance system flexibility and
redundancy;”

6. “SG initiatives that promote further societal electrification also have potential;”

7. “SG proponents need to make a clear case for the specific economic, social and environmental
benefits particular investments will secure” as a means of “maintaining public trust and support;”
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8. “The regulatory focus on developing electricity markets must be tempered by the need for greater
coordination and longer term planning than private actors typically provide.”
These “common leverage points across diverse contexts” (Stephens et al., 2013, p. 211) will be discussed

extensively in Chapters 4 and 5, because they provide the basis for my evaluation.

Section 2.2.1: Smart Grid and Climate Change Mitigation

The Electric Power Research Institute (EPRI) estimates that relative to 2005 emission rates, the
SG and SG-enabled technologies (such as renewable energy generation) have the potential to reduce 58%

of carbon dioxide emissions from the electricity sector by 2030 (Gellings, 2011).

SG and Demand Side Management

SG technology enables electricity stakeholders (governments, regulators and utility companies) to
implement DSM strategies. DSM refers to “actions, policies, or programs that aim to alter end users’
electricity consumption habits, either via a reduction or a change in the patterns of electricity use”
(Carley, 2012, p. 7). There are three components of DSM for electricity systems. The first, efficiency, is
typically achieved at the “end user” level through the installation of energy efficient appliances and
building materials. The second DSM component is conservation, referring to “changes in human
consumption and lifestyle behaviors” (Carley, 2012, p. 7). The third component of DSM is load
management or “demand response” which is intended “to alter end user electricity consumption patterns
through the use of price signals and information sharing” (Carley, 2012, p. 7). In the context of CCM,
DSM strategies are often adopted as “low-hanging fruit” interventions to facilitate the creation of
decarbonized electricity sectors (Carley, 2012, p. 6). Essentially, efficient energy use and demand
response serve to conserve electricity and reduce peak demand thereby reducing demand on electricity

generation facilities thus reducing GHG emissions (IPCC, 2014).
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DSM activities (referred to as conservation and demand management (CDM) activities in
Ontario) associated with SG deployment are enabled by Advanced Metering Infrastructure (AMI) or
“smart meters.” Unlike conventional meters, a smart meter facilitates bi-directional communication
between electricity consumers and utility companies (Briones and Blasé¢, 2012; Gellings, 2011).
Specifically, phasor measurement units (PMUs) (or synchrophasors) provide utility companies with
“information about the power system’s dynamic performance” by taking time-stamped measurements of
electrical waves at strategic points in the grid (Gellings, 2011, p. 92). Smart meters provide both utility
companies and customers with data pertaining to customer consumption, allowing consumers to change
their consumption behavior as well as provide utilities with opportunities to develop peak load
management strategies (Moura, Lopez, Moreno and Almeida, 2013, p. 630). Additionally, these data
enable utility companies to adopt TOU pricing models. TOU pricing allows utilities to make electricity
more expensive during peak times, serving to both encourage consumers to conserve electricity, as well as
to use electricity during off-peak periods. Demand response shifts demand from peak times and ultimately
makes electricity delivery more efficient (IESO, 2015b).

While the smart meter is a critical technological component of SG that can enable the reduction of
GHG emissions through DSM, it is also important to note the role of electricity stakeholders and
consumers in the implementation of such programs and ultimately, in the achievement of CCM
objectives. The IPCC (2014) notes that the behavior of energy consumers is both a driver of GHG
emissions as well as an “important potential agent for change in emissions” (p. 387). In fact, Knuth (2010)
contends that a lifestyle shift towards energy conservation and “other GHG reducing behaviors” ought to
be a primary component of long-term CCM strategies (p. 519). Notably, some research has indicated that
providing electricity customers with consumption data does facilitate behavior change towards
conservation. For instance, a 2012 study examining “real-time feedback pilots” in the U.S., U.K. and

Ireland found that energy consumption was reduced by 0-19.5% per household with energy savings of u
gy g p
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to 25% for some consumer groups (Foster and Mazur-Stommen, 2012; cited in Moura et al., 2013, p.
636). Moreover, the study also found that a peak demand reduction of up to 11.3% was possible through

the use of dynamic pricing mechanisms.

SG and Electrification

In addition to facilitating demand response and conservation, the SG also enables the use of
electricity to replace fossil fuels. The electric vehicle (EV) is an excellent example of this type of
initiative within the transportation sector. There has been a significant amount of research pertaining to
the potential for EVs to reduce GHG emissions (Mwasilu, 2014; Sugiyama, 2012; Brady and O’Mahony,
2011). For instance, Brady and O’Mahony (2011) found that EV use in the Greater Dublin Area could
reduce carbon dioxide emissions by up to 3% (assuming a 10% market penetration scenario). Moreover,
Tulpule, Marano, Yurkovich and Rizzoni (2013) suggest that one EV could eliminate up to 0.6 tons of
carbon dioxide emissions per year if the driver utilized solar charging at the workplace.

However, while there are many CCM benefits associated with the deployment of EVs, there are
also many challenges associated with recharging EV batteries without increasing peak demand (Mwasilu
et al., 2014). Studies have found that the amount of electricity required to recharge a current EV battery is
“almost the same as a single household in Europe or the United States per day” (Mwasilu, et al., 2014).
Furthermore, Boulanger, Chu, Maxx and Waltz (2011) found that charging a battery on a conventional
grid increases the electricity demand of a single household by 17 to 25% (cited in Mwasilu, et al., 2014, p.
504). The concept of increasing demand as a result of a novel technology or “an increased use of energy
services following an increase in the efficiency of that service” is sometimes referred to as a “rebound
effect” (Ghosh and Blackhurst, 2014, p. 55). The SG is a critical component for minimizing the
occurrence of the rebound effect for EV development and deployment. In particular, smart meter

technology can be used to implement EV management systems in order to facilitate “real time energy
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measurement, communication and control based on the impact of the EV charging” (Mwasilu, 2014, p.
506). Additionally, smart meters and EV management systems encourage “smart charging schemes”
which serve to optimize the available grid capacity and ultimately limit increases to peak demand
(Mwasilu, et al., 2013, p. 508).

In addition to the electrification of transport, SG-enabled EVs also have the capacity to integrate
renewable energy onto electricity grids. Specifically, EVs can “absorb surplus power” produced by
renewable energy sources. EV batteries have the capacity to address the unpredictable and intermittent
nature of renewable energy systems. By absorbing this electricity, an EV can utilize this energy either for

charging, to supply power to the grid, or to level the grid operations (Mwasilu, 2014, p. 509).

SG and Renewable Energy

Finally, the SG serves to enable decarbonization of electricity generation as it enables the
integration of renewable energy sources onto the electricity grid. Renewable energy is “any form of
energy from solar, geophysical or biophysical sources that is replenished by natural processes at a rate that
equals or exceeds its rate of use” (IPCC, 2011, p. 44). Renewable energy resources include geothermal
heat, hydropower, tidal energy, solar, wind, and (possibly) biomass energy (IPCC, 2011). In contrast to
fossil fuels, renewable energy sources have the potential to sustainably meet energy demand with minimal
GHG emissions (Sims, Rogner, and Gregory, 2003). With regards to CCM, the expansion of renewable
energy generation essentially reduces the necessity to generate energy from less efficient resources in
order to meet demand (Gellings, 2011). In fact, in their 2003 study, Sims et al. found that compared to
“business as usual,” the use of alternative energy sources (such as nuclear power and renewable energy
sources) could result in a reduction in carbon emissions of 8.7 to 18.7% by 2020 (p. 1325).

However, the challenge with relying on renewable energy to meet electricity demand is that the

availability of such resources is variable and uncontrolled by grid operators (Sims et al., 2003; Momoh,
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2012). SG can be adopted to ensure effective integration of renewable energy sources onto the electricity
grid, specifically by mitigating the variable availability of renewable energy and enhancing the reliability
of the electricity supply (Gellings, 2011). The SG integrates “variable power flows from renewable
energy systems while allowing grid operators to monitor short term forecasts for renewable energy
production” (Gellings, 2011). This monitoring provides grid operators with the data necessary to mitigate
any variable supply to ensure that energy consumers are provided with stable and reliable electric service.
Additionally, intelligent universal transformer (IUT) technology can serve as a “Renewable Grid
Interface” that integrates “widespread renewable energy technologies... while also providing an
architecture that allows the operation of reliable local energy networks” (Gellings, 2011, p. 119).
Renewable Grid Interface also integrates renewable energy with storage and EV technology. These
technologies have the potential to be energy management resources for utilities and consumers (Gellings,

2011; Shafiullah et al., 2013).

Section 2.2.2: Smart Grid and Climate Change Adaptation

SG has the technological capacity to enhance the flexibility and resilience of conventional
electricity infrastructure. Specifically, the self-healing capability, automatic monitoring equipment,
distributed generation, and storage enabling technology are SG features and applications that have
significant potential to make electricity delivery systems more resilient to extreme weather events and

climate change.

Self-Healing Technology and Monitoring

With regards to the self-healing capabilities, SG “independently identifies and reacts to system
disturbances and performs mitigation efforts to correct them” (Gellings, 2011, p. 18). Armin and
Wollenbert (2005) discuss the self-healing potential as being executed through the use of software agents.

Agents can be applied to a variety of technologies in a number of disciplines and can be used for
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“artificial intelligence, robotics and information retrieval” (p. 39). Agents can be either passive or active;
while passive agents “respond to environmental changes without changing the environment,” an active
agent is able to exert “some influence on its environment to improve its ability to adapt” (Armin and
Wollenbert, 2005, p. 39). In the context of the SG, active agents would operate in local subsystems
throughout the grid and would “perform preprogrammed self-healing actions that require an immediate
response” (Armin and Wollenbert, 2005, p. 39). Eventually the use of such agents could be applied to
have them “reconfigure the grid” in response to “material failures, threats or other destabilizers” (Armin
and Wollenbert, 2005, p. 40). For instance, in the event that electricity infrastructure is damaged, a self-
healing SG could reconfigure itself to isolate the fault and reroute power to ensure a minimal disruption of
service for consumers (Amin, 2013).

In addition to self-healing technology, SG also has automatic monitoring capabilities.
Specifically, it has built in “sensors, cameras, automated switches and intelligence... to observe, react and
alert when threats are recognized within the system” (Gellings, 2011, p. 24). Such intelligence includes
Dynamic Thermal Circuit Rating (DTCR), which monitors a continuous flow of real time data pertaining
to “line sag, tension... wind speed, [and] conductor temperature” (Gellings, 2011, p. 54). Such
information allows system operators to respond rapidly to any faults or damages to power lines, as well as

to detect any problematic tendencies or patterns (Gellings, 2011).

Distributed Generation, Micro-grids and Storage

SG-enabled distributed generation, micro-grids and energy storage are additional technologies
that enhance grid resilience (Shafiullah et al., 2013; Gellings, 2011). Decentralized generation refers to
the use of energy produced from local sources (such as wind turbines, photovoltaic systems and fuel cells)
“to supply active power to distribution systems connected close to the consumer’s load” (Hidayatullah,
Stojcevski and Kalam, 2011, p. 218). In literature, it is widely recognized that decentralized generation
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has many advantages to conventional transmissions systems because generation occurs closer to demand
(Coll-Mayor, Picos and Morena, 2004, p. 66). Although there are many benefits associated with
decentralized generation, with regards to resilience, decentralized generation increases grid security as it
has the potential to add supply redundancy that reduces perturbations and outages, limits power losses and
minimizes the prospect of blackouts in distribution systems (Coll-Mayor et al., 2004; Hidayatullah et al.,
2011).

Moreover, decentralized generation technology also enables the use of micro-grids. A micro-grid
system is an isolated electricity system that comprises “small power generating sources, loads consuming
electricity, batteries for electricity storage, a controller, and a coupling point connected to the national
grid” (Alvial-Palavicino, et al., 2011; Kwok, Yu, Karimi and Lee, 2013, p. 142). In combination with
decentralized generation technology, a micro-grid enhances grid resilience because in the event of a
disturbance “the generation and corresponding loads can separate from the [central] distribution system to
isolate the micro-grid’s load from the disturbance without harming the transmission grid’s integrity”
(Gujar, Datta and Mohanty, 2013, p. 1).

With regards to storage of electricity, the SG, in comparison to a conventional grid provides more
opportunities for electricity storage. On the conventional grid electricity storage is not necessary given
that demand equals supply and electricity can only flow unilaterally. This is referred to as “just in time”
electricity delivery (Gellings, 2011, p. 88). In instances when storage is necessary because the electricity
supply exceeds the demand (such as at night), most current electricity storage reserves take the form of
pumped hydro storage (Moslehi and Kuman, 2010). However, in response to threats of climate change
and resource depletion, many jurisdictions are moving towards the use of renewable sources for
electricity. Given that SG aids integration of alternative energy sources onto the electricity grid, storage
technology is necessary to “counter growing net demand variability” as well as the supply inconsistencies

discussed in the previous section (Moslehi and Kuman, 2010, p. 59). The SG will enable a multiplicity of

32



storage options of different sizes and at different locations throughout the grid (Moslehi and Kuman,
2010). Storage facilities can range from “end-use customer premises to major substations and central
power stations” (Moslehi and Kuman, 2010, p. 59). In the event that electricity generation infrastructure is
damaged, stored electricity will ensure an uninterrupted supply of power for a period of time so that
critical services and infrastructure can continue to function until the necessary repairs are made (Gellings,
2011).

In comparison to the conventional grid, SG is more resilient in terms of detecting and resisting
damage as well as reducing the severity of power outages. In the event of a disaster, a community with the
aforementioned technology could operate electricity infrastructure to maintain function of essential
services such as hospitals, police departments, transportation systems, telecommunication services and
even grocery stores, notwithstanding other flooding or wind conditions that could disrupt such operations
(U.S. Department of Energy, n.d.; Gellings, 2011). This technology clearly reduces the vulnerability of
infrastructure systems, increases resilience and essentially provides infrastructure to facilitate long-term

CCA within the electricity sector.

Section 2.3: Policy Integration

What is Policy Integration?

In CCM and CCA literature, discussions surrounding policy integration and mainstreaming are
dominant themes. As previously mentioned, many members of the academic community and policy
experts strongly advocate the use of policy integration or mainstreaming to facilitate climate response
measures. The terms policy integration and policy mainstreaming are synonymous and are used
interchangeably in this thesis. Integration is a highly iterative process that involves arranging policies,
strategies, and programs to ensure that climate change becomes a standard consideration for stakeholders
at all levels of government and in industry (Reinecke and Bernard, 2011; Klein, et al., 2005; UNDP-

UNEP, 2011).
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Policy integration was first used in the 1960s as an approach to assimilate disabled children into
regular classrooms (Elsey, Tolhurst and Theobald, 2005). Typically, integration is used as a response to
phenomena that supersede any one level of government, department or political/economic sector. For
instance, policy mainstreaming has been used as a strategy to enable widespread attention to and adoption
of policies and strategies relating to gender, environment and “greening,” disaster risk reduction, poverty
and HIV/AIDs (Olhoff and Schaer, 2010). Climate change integration is most frequently compared to the
European practice of Environmental Policy Integration (EPI). Many of the principles applied to EPI
implementation are similar to the conceptualization of climate mainstreaming as identified by academic
and policy experts and are therefore applicable to efforts intended to assess or evaluate the success of
climate mainstreaming initiatives (Jordan and Lenschow, 2008; Rauken, Mydske and Winsvold, 2014).
Climate change is an issue that does not specifically impact any one level of government, and therefore,
many are of the opinion that effective response requires action from governments, communities and
individuals (Reinecke and Bernard, 2011). Advocates of policy mainstreaming assert that climate
integration ensures that all policy-makers working to respond to climate change collaborate, coordinate to
share resources, limit maladaptive practices and work to exploit synergies in an efficient and effective
manner (Rauken, Mydske and Winsvold, 2014; Reinecke and Bernard, 2011; Klein, Schipper and Dessai,
2005). Essentially, policy mainstreaming allows governments, economic, and political sectors and civil
societies to share the responsibility of responding to climate change (Schipper and Pelling, 2006).
Advocates of policy mainstreaming clearly highlight the idea that climate change responses will be
successful if they are undertaken in combination with both new and ongoing strategies and “supported by
an integrated, cross-cutting policy approach” (UNDP-UNEP, 2011, p. 3; Huq and Reid, 2004; Smit and

Wandel, 2006).
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Implementing Policy Integration

Policy integration can occur on multiple scales and involve many different stakeholders. In
literature, there are two primary distinctions to be made between different types of mainstreaming. First,
there is a distinction between horizontal and vertical policy integration. While horizontal policy
integration refers to “coordination across sectors and portfolios within a jurisdiction,” vertical policy
integration refers to “coordination across political and organizational scales” (Dovers and Hezri, 2010, pp.
225-226). For example, horizontal policy integration could be applied in a municipality, where various
departments must coordinate their efforts to ensure climate change is addressed. In contrast, vertical
policy integration could involve coordination of climate-related objectives between different levels of
government (i.e., national, regional and local).

The second distinction identified in policy integration literature is the difference between
institutional and operational mainstreaming. In her discussion regarding gender mainstreaming within
HIV/AIDS community organizations, Mannell (2010) identifies institutional mainstreaming as involving
the day-to-day operations of a government, organization or a business while operational mainstreaming
involves the process and outcome of a specific project.

With regards to implementation, there has not been a significant amount of literature published on
how to establish an integrated climate change response regime. However, this concept is discussed
extensively in other policy areas and is arguably applicable to climate mainstreaming initiatives. In the
case of mainstreaming gender policy, Greed (2005) identifies the following basic stages as necessary to
establish an effective mainstreaming system (p. 260):

1. Research and analysis

2. Programme preparation

3. Monitoring and evaluation
4. Institutional framework
5

Public participation and consultation
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Rittenhofer and Gatrell (2012) build on Greed’s work and outline several mechanisms through
which gender-mainstreaming strategies have been implemented throughout the EU. The EU enshrined
gender in treaties and worked to establish measures to ensure gender is considered in national action plans
and matters relating to employment and salaries. Furthermore, the European Commission has worked to
“download” the responsibility for establishing sector specific gender frameworks to local and
organizational levels of the EU bureaucracy.

In addition to large-scale policy mandates, the concept of an “entry point” is identified in
literature as a necessary component for the implementation of a mainstreaming regime. In their paper
outlining methods to integrate climate policy into existing policy, the OECD (2009) defines “entry points”
as the opportunities within a policy cycle where climate-related considerations can be incorporated. Entry
points can exist during the conceptualization, funding and resource allocation phases of the policy cycle,
as well as in implementation, and monitoring and evaluation. While new initiatives automatically have the
opportunity to consider climate change from the initial stages, the benefit of identifying an entry point in
existing policies and projects is that they can be used to revise these initiatives to incorporate climate
considerations (OECD, 2009).

In addition to using entry points to facilitate policy integration, the concept of “climate-proofing”
or using a “climate lens” is another practice that is cited as necessary for implementing climate
mainstreaming programs (OECD, 2009; Urwin and Jordan, 2008). A “climate lens” is a tool used in
policy interventions to analyze a policy, strategy, program or project in the context of climate 