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This special issue of Sustainable and Renewable Energy Reviews is focused on the social and policy dimensions
of smart grids, an emerging set of technologies and practices which have the potential to transform dramatically
electricity systems around the world. The six related articles explore social and political dynamics associated
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Transport which involved three expert workshops held in Canada in 2013, 2014 and 2015. The six articles were accepted
Buildings after a vigorous review process overseen by the guest editors of this special issue. The contents are in keeping
IndlfStry with the aims and scope of the journal which is to bring together under one roof the current advances in the ever
Environment . .

GHG emissions broadening field of renewable and sustainable energy.
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Energy quadrilemma

1. Introduction

At the June 2016 'Three Amigos Summit' in Ottawa the leaders of
the United States of America (USA), Canada and Mexico committed to
generating 50% of their combined electricity from clean (non-carbon
emitting) energy sources by 2025. Presently the joint non-fossil fuel
electricity total stands at 37%, but with marked national differences,
with approximately 20% in Mexico; 33% in the USA and 80% in
Canada. It is possible to question the real level of ambition implied by
this recent collective commitment [1], but there is no denying that
issues of electricity system reform, cross-national energy dialogue, and
climate change have been assuming ever greater importance in the
North American context.

Two deep-rooted drivers point to the impending transformation of
today's electricity systems. First, the continuing impact of the
Information and Communications Technology (ICT) revolution is
opening up possibilities for technological (but also economic, social,
and cultural) innovation in key sectors including personal transporta-
tion (electric vehicles, driverless vehicles, Uber), electricity supply
(solar power, renewables deployment, distributed generation, demand
response, smart grids), and end use of all kinds including industry,
commercial, and households. Second, the growing appreciation of
climate risks is encouraging movement away from the GHG emitting
generation technologies which have formed the backbone of electricity
supply in most countries. Research on potential long-term low carbon
development pathways suggest that meeting international climate
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targets will require developed countries to complete decarbonization of
electricity generation before mid-century, massively increase end-use
efficiency, and double (or triple) electricity supply, as clean power is
called upon to assume energy loads in transport, buildings, and
industrial applications currently met by fossil fuels [2,3].

Thus we stand at the threshold of a potentially dramatic transition
in electricity systems, that will change not just how power is produced
and what it is used for, but also who produces and consumes it, and
where. New technologies and societal expectations are already disrupt-
ing existing business models and regulatory arrangements [4,5]. 'Smart
grids' are a critical element of the coming changes, representing both
technological and social change that could facilitate renewables deploy-
ment, broaden household, community and industry engagement in
energy decision-making, boost efficiency, expand demand manage-
ment, enhance reliability and open up new energy services. But smart
grids also serve to articulate very different views of electricity systems
futures, involving more or less decentralized and distributed patterns
of production, consumption, ownership and control [6,7].

Smart grids [8,9] have the potential to change how variable
renewable energy and other energy vectors are integrated into the
overall energy system [10,11], transforming pathways related to
heating [12], transport [13-15] and cities (so-called smart cities)
[16]. They may contribute to a more sustainable society, in keeping
with the aims and objectives of the Paris Agreement on climate change
[17]. And they may herald a more intelligent ‘big data’ driven society,
where energy costs, carbon emissions, the economy and energy security
are all interlinked as an energy quadrilemma [18,19] with complex
social, economic and policy implications.

North American electricity systems are shaped by state and
provincial level laws, regulations, and policies, and by utility-specific
approaches and technology adoption decisions which are influencing
perceptions of the value of renewable resources and shaping smart grid
development [20]. Variation in state and provincial policies has
influenced renewable energy development and integration in different
ways which, coupled with divergent utility policies, is creating a
complex and heterogeneous North American energy landscape [21].
But inter-system linkages are changing how energy grids across North
America are planned, built and operated, and how citizens engage with
energy issues. The bilateral links between the states and provinces in
the USA and Canada are particularly important because of close
interdependence.

This special issue (SI) of six articles in Renewable and Sustainable
Energy Reviews (RSER) explores some of the social dynamics and
complexity currently shaping perceptions of smart grid and renewable
energy in the USA and Canada. The articles stem from collaborative
research funded by the National Science Foundation (NSF) in the USA
and the Social Sciences and Humanities Research Council (SSHRC) in
Canada. They explore different provincial contexts (Ontario, Quebec
and British Columbia), country contexts (the USA and Canada), and
regional perceptions following electricity system disruption (Hurricane
Sandy).

2. Social science research and energy system change

As the pace of energy system change accelerates, the need for
energy-related social science is increasingly acknowledged [22-24].
While energy research has traditionally tended to focus on techno-
logical innovation and economic analysis, recognition of the im-
portance of cultural, social, political and institutional dimensions
has been growing rapidly [26,27]. Social and political factors
profoundly influence energy outcomes. Consider why some countries
have turned their back on nuclear power (Germany), while their
neighbors continue to rely heavily on this technology (France). Or
reflect upon the recent upsurge in movements to block pipeline
construction in Canada and the USA. It is not engineering or
economics that primarily lie behind these developments, but poli-
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tical and social factors. Note also how political skepticism and public
opposition in many countries have torpedoed the International
Energy Agency's (IEA) ambitious plans to roll out a hundred large-
scale carbon capture and storage (CCS) demonstration projects,
despite initial support from many governments which considered
CCS deployment as an important tool to secure cost-effective climate
mitigation [28]. And witness how vocal public opposition to
Ontario's wind energy roll-out was spurred by poor policy design
which favored large scale multinational-led deployments (that left
little place for community projects) and rode rough shod over local
planning institutions [29].

Social science research can contribute to the way societies
address energy problems by helping identify critical questions and
enhancing societal reflexivity, interrogating the interests, institu-
tions and ideas that are at play, and identifying pathways towards
more sustainable energy systems. By analyzing factors shaping
policy implementation and technology deployment in practice, social
scientists are able to engage in critical operational arguments that
can lead to increased understandings of the complexities of energy
technology innovation. Social science research employs many kinds
of methodologies, examining phenomena at individual, group and
broader systems level, and employing a variety of quantitative and
qualitative techniques. Some of the more important contemporary
energy politics- and policy-related literatures include those on
innovation systems [30], societal transitions [31-33], political
economy [34], and social practice [35].

3. Smart grid as a critical site of contestation

The idea of smart grid is generally associated with the application of
ICT systems to transmission system design and operation, but it has
come to be used more widely to refer to the overall configuration of the
electricity system of the future [6,36]. Smart grids are typically
presented as embodying a progressive, technologically optimistic,
future that offers a portfolio of societal benefits, including increased
system efficiencies, economic gains (high tech industry, jobs), and
energy security or resilience, as well as empowering societies to address
urgent environmental problems such as climate change [36]. But there
is no one smart grid vision. Instead the idea covers a range of
technological configurations (some already deployed or deployable,
others still on the drawing boards) and many different social models for
building the electricity systems of the future [36]. At one extreme,
smart grids could be largely about 'micro grids' and a devolved and
decentralized system of supply. On the other, they could involve a
'super grid' moving large amounts of power across continents [6].
Ownership, control and information flows could be organized in
different ways, involving existing utilities, new entrants, local commu-
nities and cooperatives, or individual 'prosumers' [37].

In fact, societal debates, utility planning and investment decisions
being taken today already privilege some patterns of smart grid
transitions over others [38]. Choices relating to the ends pursed as
priorities (e.g. efficiency gains, cost containment, resiliency enhance-
ment, renewable deployment, demand management, and so on) favor
particular technological configurations, and the sequencing or timing of
innovation. Moreover, there is a vast gulf between the idealistic visions
of an enhanced grid — that would allow electricity to do so much more
for societies — and the practical experiences with smart meter deploy-
ment (the first public face of the smart grid) experienced by consumers
in some areas. So 'smart grids' have emerged as a site of negotiation
and contestation, where different groups of social actors (e.g. utilities,
regulators, large and small consumers, technology companies, energy
service providers, etc.) argue over the future of the electricity system
[6,36,39,40]. And by examining these struggles it is possible to gain a
critical understanding about the social and political factors influencing
the evolution of electricity provision.
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4. Articles in this special issue

The work presented in the articles in this SI builds on previous
social science research published in this venue focusing on the
complexities of assessing the value [41] and benefits of smart grids
[42], smart grid experiences in particular countries [43], and end-user
perceptions and acceptance of smart grid technology [44]. As
Renewable & Sustainable Energy Reviews covers advances in sus-
tainable energy and renewable energy technology, it is an ideal venue
for analysis of the social and policy dimensions of smart grid. The
journal has published extensively on the technical dimensions of smart
grid [45,46], ranging from the creation of micro-grids to large-scale
wind integration [47], and addressing country-specific contexts for
smart grid development [43]. The six papers in this SI complement the
existing publications in RSER by providing analysis of the social
dimensions of smart grids in different regions of Canada and the
United States.

In the first article, 'Electric (Dis) Connections: Comparative Review
of Smart Grid News Coverage in the United States and Canada' [48],
the authors examine press treatment of smart grids in the two
countries, tracing the different patterns of smart grid engagement.
The next three articles focus on the experience in different Canadian
provinces, tracing the reception of smart grid related policy initiatives
in Quebec, Ontario and British Columbia. 'Smart Grid Development in
Quebec: A Review and Policy Approach' [49], draws on John Kingdon's
analysis of "policy streams' to explain why smart grid initiatives in that
province have remained modest and 'security focused'. 'Institutional
Diversity, Policy Niches and Smart Grids: A Review of the Evolution of
Smart Grid Policy and Practice in Ontario, Canada' [50], highlights the
more active policy engagement with smart grids in Canada's largest
province, and notes the ever more important role assumed by non-
traditional 'behind the meter' actors and activities. And "The Role of
Environmental Framing in Socio-political Acceptance of Smart Grid:
The Case of British Columbia, Canada' [51] examines the different
frames used by BC actors to structure ongoing argument about smart
grids. The fifth article — 'Smart Grid Framing Through Smart Meter
Coverage in the Canadian Media: Technologies Coupled with
Experiences' [52] - is focused upon media coverage of smart-meter
installation across Canada, assessing the different levels and character
of public opposition in key regions. Finally, 'Smart Grid Electricity
System Planning and Climate Disruptions: A Review of Climate and
Energy Discourse Post-Superstorm Sandy' [53] compares the ways
electricity system stakeholders in Massachusetts, New York and
Vermont reacted in the aftermath of Superstorm Sandy, focusing on
the links between energy policy and climate change, and the relative
importance accorded to climate adaptation and mitigation.

Taken together, these articles allow for a rich and multi-faceted
examination of how different contexts are shaping smart grid devel-
opment. These contexts highlight different political priorities which are
transforming energy markets, international electricity sales, and dif-
ferent configurations for smart grid technologies. Additionally, the
papers use multiple social science methods including media analysis,
focus groups, interviews and documentary analysis to explore social
dimensions of smart grid development.

5. Conclusion

As the articles in this collection illustrate, new technologies are born
into a dense complex of existing techno-social relations. Energy
transitions involve complex struggles as new technological options
and social configurations are defined, contested and redefined [54—-56].
The ICT revolution and the imperative of addressing climate change are
enabling disruptive innovation that opens the door to reconstruction of
electricity systems to more adequately fulfill societal needs [6,36].
Increased international co-ordination (as witnessed in the United
States, Canada, Mexico agreement cited at the outset of this introduc-
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tion) and intra-state cooperation (consider the recent Quebec/Ontario
power agreement that will bring cheap hydro from Quebec to slow
electricity rate increases in Ontario and help the province meet its
climate targets) are important features of this new context. But it is also
true that arguments about electricity system modernization in North
America are currently taking place in an uncertain economic environ-
ment, where recovery from the 2008 recession remains uneven, and
concern about growing inequality is expanding including greater
awareness about concentrated income gains at the top of the earnings
pyramid. To this must be added the political uncertainty created by the
2016 U.S. presidential election. So it is perhaps not surprising that
proposals for altering electricity provision get entangled with broader
societal debates.

Acknowledgements

The four guest editors of this special issue would like to thank the
Editor-in-Chief, Aoife Foley and the administrative staff of RSER
including Wendy Ye (Publishing Content Specialist - STM Journals),
Janaki Bakthavachalam (Journal Manager), Katherine Eve (Executive
Publisher) and Rosanna Diogini (Senior Publisher) for their support
and invaluable work. We also gratefully acknowledge our reviewers’
diligence, commitment and effort. The guest editors and the authors of
the six articles in this SI acknowledge the NSF in the USA and the
SSHRC in Canada for funding this work under grants NSF-SES
1127697 and SSHRC: 890-2011-0143.

References

[1] Cleetus R. North American Leaders Commit to Increase Clean Energy and Cut
Methane Emissions; 2016. (http://blog.ucsusa.org/rachel-cleetus/north-american-
leaders-commit-to-increase-clean-energy-and-cut-methane-emissions) [accessed
18 June 2017].

Global Energy Assessment — Towards a Sustainable Future. International Institute
for Applied System Analysis. Cambridge UK: Cambridge University Press; 2012.
Deep Decarbonization Pathways Project 2015 Report. Sustainable Development
Solutions Network (SDSN) and the Institute for Sustainable Development and
International Relations (IDDRI); 2015.

Kind P. Disruptive challenges: financial implications and strategic responses to a
changing retail electric business. Washington, D.C., U.S: Edison Electric Institute;
2013.

Graffy E, Kihm S. Does disruptive competition mean a death spiral for electric
utilities?. Energy Law J 2014;35:1-44.

Stephens JC, Wilson EJ, Peterson TR. Smart grid (R)evolution: electric power
struggles. Cambridge: Cambridge University Press; 2015.

International Smart Grid Action Network, (http://www.iea-isgan.org/) [accessed
18/06.2017].

Bayindir R, Colak G, Fulli K, Demirtas K. Smart grid technologies and applications.
Renew Sustain Energy Rev 2016;66:499-516.

Fang B, Yin X, Tan Y, Li C, Gao Y, Cao Y, Li J. The contribution of cloud
technologies to smart grid. Renew Sustain Energy Rev 2016;59:1326-31.

Foley AM, Diaz Lobera I. Impacts of compressed air energy storage plant on an
electricity market with a large renewable energy portfolio. Energy 2013;57:85-94.
Malvaldi A, Weiss S, Infield D, Dowell J, Leahy P, Foley AM. A spatial and temporal
correlation analysis of aggregate wind power in an ideally interconnected Europe.
Wind Energy 2017. http://dx.doi.org/10.1002/we.2095.

Devlin J, Li K, Higgins P, Foley A. Gas generation and wind power: analysis of
unlikely Allies. Renew Sustain Energy Rev 2017;70:757-68.

Yang Z, Li K, Foley A. Computational scheduling methods for integrating plug-in
electric vehicles with power systems: a review. Renew Sustain Energy Rev
2015;51:396-416.

Jin T-H, Park H, Chung M, Shin K-Y, Foley A, Cipcigan L. Review of Virtual Power
Plant Applications for Power System Management and Vehicle-to-Grid Market
Development. In: The Transactions of the Korean Institute of Electrical Engineers;
2016. 65(12). p.2251-2261.

Foley A, Tyther B, Calnan P, O Gallachéir B. Impact of electric vehicle charging
under electricity market operation. Appl Energy 2013;101:93-102.

Heidrich O, Reckien D, Olazabal M, Foley A, Salvia M, De Gregorio Hurtado S, et al.
National climate policies across Europe and their impacts on cities strategies. J
Environ Manag 2015;168:36—45.

United Nations Framework on Convention on Climate Change. Report of the
Conference of the Parties on its twenty-first session, held in Paris from 30
November to 13 December 2015. Addendum-Part Two Action Tak by Conf Parties;
2015. 1194. p.1-36.

Olabi AG. 100%sustainable energy, guest editor's introduction. Energy
2014;77:1-5.

Foley A, Smyth BM, Puksec T, Markovska N, Dui¢ N. A review of developments in

[2]
[3]

[4]

[5]

[6

=

[7]
[81

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]


http://blog.ucsusa.org/rachel-cleetus/north-american-leaders-commit-to-increase-clean-energy-and-cut-methane-emissions
http://blog.ucsusa.org/rachel-cleetus/north-american-leaders-commit-to-increase-clean-energy-and-cut-methane-emissions
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref1
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref1
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref1
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref2
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref2
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref3
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref3
http://www.iea-isgan.org/
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref4
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref4
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref5
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref5
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref6
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref6
http://dx.doi.org/10.1002/we.2095
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref8
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref8
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref9
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref9
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref9
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref10
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref10
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref11
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref11
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref11
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref12
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref12
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref13

J. Meadowcroft et al.

[20]

[21]

[22]
[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]
[32]
[33]
[34]
[35]
[36]

[37]

[38]
[39]
[40]

[41]

technologies and research that have had a direct measurable impact on sustain-
ability considering the Paris agreement on climate change. Renew Sustain Energy
Rev 2017;6(2):835-9.

Wilson EJ, Stephens JC. Wind in a carbon-managed world: states, resources, policy
and discourse. Environ Sci Technol 2009;43(24):9063—-70.

Fischlein M, Feldpausch-Parker AM, Peterson TR, Stephens JC, Wilson EJ. Which
way does the wind blow? Analysing the state context for renewable energy
deployment in the United States. Environ Policy Gov 2014;24(3):169-87.
Sovacool BK. Energy studies need social science. Nature 2014;511:529-30.
Webler T, Tuler SP. Getting the engineering right is not always enough: researching
the human dimensions of the new energy technologies. Energy Policy
2010;38:2690-1.

President's Council of Advisors on Science and Technology . Report to the president
on accelerating the pace of change in energy technologies through an integrated
federal energy policy. Washington DC: Executive Office of the President; 2010.
Stephens JC, Wilson EJ, Peterson TR. Socio-political evaluation of energy
deployment (SPEED): an integrated research framework analyzing energy tech-
nology deployment. Technol Forecast Social Change 2008;75:1224-46.

Stephens J, Wilson E, Peterson T. Socio-political evaluation of energy deployment
(speed): a framework applied to smart grid. UCLA Law Rev 2014;61(6):1930-61.
Gaede J, Meadowcroft J. A question of authenticity status quo bias and the
international energy agency's world energy outlook. J Environ Policy Plan 2016.
http://dx.doi.org/10.1080/1523908X.2015.1116380.

Fast S, Mabee W, Baxter J, Christidis T, Driver L, Hill S, et al. Lessons learned from
Ontario wind energy disputes. Nat Energy 2016. http://dx.doi.org/10.1038/
nenergy.2015.28.

Hekkert M, Suurs RAA, Negro SO, Kulhmann S, Smits REHM. Functions of
innovations systems: a new approach for analyzing technological change. Technol
Forecast Social Change 2007;74:413-32.

Geels F. Technological transitions as evolutionary reconfiguration processes: a
multi-level perspective and a case-study. Res Policy 2002;31:1257-74.

Turnheim B, Berkhout F, Geels F, Hof A, McMeekin A, Nykvist B, et al. Evaluating
sustainability transitions pathways'. Glob Environ Change 2015;35:239-53.
Meadowcroft J. Let's get this transition moving. Can Public Policy/Anal Polit
2016(42Sup1):10-7. http://dx.doi.org/10.3138/cpp.2015-028.

Meadowcroft J. Environmental political economy, technological transitions and the
state. New Political Econ 2005;10:479-98.

Shove E, Walker G. What is energy for? Social practice and energy demand. Theory,
Cult Soc 2014;31.5:41-58.

Stephens JC, Wilson EJ, Peterson TR, Meadowecroft J. Getting smart? Climate
change and the electric grid. Challenges 2013;4(2):201-16.

Lilliestam J, Ellenbeck S. Energy security and renewable electricity trade—will
Desertec make Europe vulnerable to the “energy weapon”?. Energy Policy
2011;39(6):3380-91.

Klass AB, Wilson EJ. Energy consumption data: the key to improved energy
efficiency. San Diego J Clim Energy Law 2015;6(69).

Pearl-Martinez R, Stephens J. Toward a Gender diverse workforce in the renewable
energy transition. Sustain: Sci, Pract Policy 2016;12(1).

Fox-Penner P. Smart power: climate change, the smart grid, and the future of
electric utilities. New York: Island Press; 2010.

Niesten E, Alkemade F. How is value created and captured in smart grids? A review

1912

[42]

[43]
[44]
[45]
[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Renewable and Sustainable Energy Reviews 82 (2018) 1909-1912

of the literature and an analysis of pilot projects. Renew Sustain Energy Rev
2016;53:629-38.

Moretti M, Djomo SN, Azadi H, May K, De Vos K, Van Passel S, et al. A systematic
review of environmental and economic impacts of smart grids. Renew Sustain
Energy Rev 2016;68:888-98.

Di Santo KG, Kanashiro E, Di Santo SG, Saidel MA. A review on smart grids and
experiences in Brazil. Renew Sustain Energy Rev 2015;52:1072-82.

Ponce P, Polasko K, Molina A. End user perceptions toward smart grid technology:
acceptance, adoption, risks, and trust. Renew Sustain Energy Rev 2016;60:587—-98.
Colak I, Sagiroglu S, Fulli G, Yesilbudak M, Covrig C-F. A survey on the critical
issues in smart grid technologies. Renew Sustain Energy Rev 2016;54:396—405.
Tuballa ML, Abundo ML. A review of the development of smart grid technologies.
Renew Sustain Energy Rev 2016;59:710-25.

Colak I, Fulli G, Bayhan S, Chondrogiannis S, Demirbas S. Critical aspects of wind
energy systems in smart grid applications. Renew Sustain Energy Rev
2015;52:155-71.

Mallett A, Stephens J, Wilson E, Weiber R, Langheim R, Peterson TR. Electric (Dis)
connections: comparative review of smart grid news coverage in the United States
and Canada. Renew Sustain Energy Rev 2017. http://dx.doi.org/10.1016/
j.rser.2017.06.017, [in press].

Jegen M, Philion XD. Smart grid development in Quebec: a review and policy
approach. Renew Sustain Energy Rev 2017. http://dx.doi.org/10.1016/
j.rser.2017.06.019, [in press].

Winfield M , Weiler S. Institutional Diversity, Policy Niches and Smart Grids: A
Review of the Evolution of Smart Grid Policy and Practice in Ontario, Canada.
Renewable and Sustainable Energy Reviews, (http://dx.doi.org/10.1016/j.rser.
2017.06.014), [in press].

Peters D, Axen J , Mallet A. The role of environmental framing in socio-political
acceptance of smart grid: The case of British Columbia, Canada. Renewable and
Sustainable Energy Reviews 2107, (http://dx.doi.org/10.1016/j.rser.2017.06.020),
[in press].

Mallett A, Jegen M, Philion XD, Reiber R, Rosenbloom . Smart grid framing
through coverage in the Canadian media: technologies coupled with experiences.
Renew Sustain Energy Rev 2017. http://dx.doi.org/10.1016/j.rser.2017.06.013,
[in press].

Feldpausch-Parker AM, Peterson TR, Stephens JC, Wilson EJ. Smart grid
electricity system planning and climate disruptions: a review of climate and energy
discourse post-superstorm sandy. Renew Sustain Energy 2017. http://dx.doi.org/
10.1016/j.rser.2017.06.015, [in press].

Geels FW, Verhees B. Cultural legitimacy and framing struggles in innovation
journeys: a cultural-performative perspective and a case study of Dutch nuclear
energy (1945-1986). Technol Forecast Soc Change 2011;78:910-30.
Rosenbloom D, Burton H, Meadowcroft J. Framing the sun: a discursive approach
to understanding multi-dimensional interactions within socio-technical transitions
through the case of solar electricity in Ontario, Canada. Res Policy
2016;45(6):1275-90.

Raven R, Kern F, Verhees B, Smith A. Niche construction and empowerment
through socio-political work. A meta-analysis of six low-carbon technology cases.
Environ Innov Soc Transit 2016;18:164-80. http://dx.doi.org/10.1016/
j-eist.2015.02.002.


http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref13
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref13
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref13
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref14
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref14
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref15
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref15
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref15
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref16
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref17
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref17
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref17
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref18
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref18
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref18
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref19
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref19
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref19
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref20
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref20
http://dx.doi.org/10.1080/1523908X.2015.1116380
http://dx.doi.org/10.1038/nenergy.2015.28
http://dx.doi.org/10.1038/nenergy.2015.28
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref23
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref23
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref23
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref24
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref24
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref25
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref25
http://dx.doi.org/10.3138/cpp.2015-028
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref27
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref27
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref28
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref28
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref29
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref29
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref30
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref30
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref30
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref31
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref31
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref32
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref32
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref33
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref33
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref34
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref34
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref34
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref35
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref35
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref35
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref36
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref36
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref37
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref37
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref38
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref38
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref39
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref39
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref40
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref40
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref40
http://dx.doi.org/10.1016/j.rser.2017.06.017
http://dx.doi.org/10.1016/j.rser.2017.06.017
http://dx.doi.org/10.1016/j.rser.2017.06.019
http://dx.doi.org/10.1016/j.rser.2017.06.019
http://dx.doi.org/10.1016/j.rser.2017.06.014
http://dx.doi.org/10.1016/j.rser.2017.06.014
http://dx.doi.org/10.1016/j.rser.2017.06.020
http://dx.doi.org/10.1016/j.rser.2017.06.013
http://dx.doi.org/10.1016/j.rser.2017.06.013
http://dx.doi.org/10.1016/j.rser.2017.06.015
http://dx.doi.org/10.1016/j.rser.2017.06.015
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref45
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref45
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref45
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref46
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref46
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref46
http://refhub.elsevier.com/S1364-0321(17)31049-3/sbref46
http://dx.doi.org/10.1016/j.eist.2015.02.002
http://dx.doi.org/10.1016/j.eist.2015.02.002

