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A B S T R A C T

Many people agree on the need for energy system change, and that innovation is a pivotal component in at-
taining these changes. For this reason, a flurry of activity exists – by scholars, policy makers and practitioners –
about how to realize these changes most effectively. Emerging concepts and activities underway on the ground
point to systemic changes afoot. By contrast, policy makers and their advisors often rely on outdated assump-
tions when espousing advice about policy, investment and markets.

Through an examination of a number of sustainable energy experiences, this paper argues that conventional
ways of approaching innovation are inadequate at effectively understanding innovation systems; by doing so, we
miss important sources of innovation. This is important because to realize these transitions further alignment
between these scholars, policy makers and practitioners is required. We must look beyond frontier technologies,
experts and money by taking a broad view of innovation that also attempts to capture less orthodox innovation
sources. To do so we must apply a comprehensive approach to energy system change; one that acknowledges
that aspects such as culture, social, environmental, and political issues can play as important roles in under-
standing change as economic and technical aspects.

1. Introduction – sustainable energy and innovation systems

There is a consensus that we need systemic change in how we
produce, transmit and use energy. Innovation, defined broadly to in-
clude diffusion, is viewed as the process through which novel ideas,
experimentation, and practical applications, of sustainable energy
technologies can catalyze these processes [1]. For this reason, a flurry
of activity by governments, firms and academia – for instance initiatives
including Mission Innovation,1 support for green infrastructure banks
[77] among others – is mobilizing to spur sustainable energy innovation
breakthroughs to help realize these massive transformations.

To help direct efforts, one tool people turn to is indicators. Used as a
means to compare and gauge how an innovation system is doing [79],
indicators provide an innovation proxy for assessment. For instance, for
those involved in the policy process (e.g. analysts, decision makers),
progress on innovation is often measured through indicators including
spending (by firms, governments and/or universities/colleges) on re-
search and development (R&D), citation counts in scientific journals
and number of patents submitted, number of firms created and number
of people with degrees in engineering, and so on. While these dimen-
sions are undoubtedly important to consider within innovation systems

(IS), they fail to adequately capture other key phenomena underway in
a broad range of sectors and geographic contexts.

Rather a more sophisticated approach to understanding innovation
and energy system change is required. For this we turn to a smaller but
growing niche of systems-thinking about sustainable energy and in-
novation, which suggest that these dynamics are more complex and
involve more than frontier technologies, experts, and money.
Scholarship underscores the important role that people, more broadly
speaking, and the co-evolution of society and technologies have on
realizing these changes [49,8,74]. Concurrently, numerous changes on
the ground are afoot regarding how energy is being produced, trans-
mitted, distributed and used. These changes include moves towards
decentralized provision such as pay as you go solar in the case of
electricity2 [68,80] and/or ownership models such as seen with an in-
crease in energy cooperatives and/or community involvement on en-
ergy [82–84,86,87]. Yet despite this evolving strand regarding con-
ceptual thinking about energy system change and innovation and
‘grounded’ activities underway, many efforts espoused by policy makers
and analysts aimed at catalyzing these transitions continue to empha-
size conventional ingredients for innovation. These include: i) tech-
nology or products, ii) experts such as those with formal training in
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business, economics and/or Science, Technology, Engineering and
Mathematics (STEM), and iii) price incentives [88]. For instance, while
governments have been involved in measuring results since the rise of
new public management theory in the 1980s/1990s, more recently, in
Canada, results activities are occurring in earnest, as directed through
the Treasury Board’s 2016 Policy on Results3 and earlier work. Progress
is considered to occur when there is growing market share for Canadian
technologies and/or products being exported, the level of employment
and number of PhD graduates for those with degrees in natural science
and engineering, etc.4 However, these aspects represent a limited view
of innovation. A key takeaway is this: a growing field of conceptual
underpinnings about innovation and sustainable energy, as well as ac-
tivities on the ground, are divorced from policy efforts and the advice
used to inform these efforts. This is important because without further
alignment, realizing these transitions will be more difficult.

In a world where seismic shifts are occurring in a wide array of arenas
this paper asks, to what extent do existing innovation parameters – and the
prescribed policies which are based upon them – remain relevant in con-
temporary contexts? To tackle this question with further granularity
through an examination of indicators and assumptions about motivators,
this paper suggests that while conventional financially-based cost/benefit
metrics remain important, alternative motivators such as self-reliance and
autonomy must be considered. Furthermore, while scientists and en-
gineers continue to do ground-breaking research advancing frontier
technologies, unorthodox innovation strands involving different motiva-
tors and business models, and/or improvised rather than state-of-the-art
technologies are gaining traction. Building upon previous work done by
the author and others in this area [see 28], this paper suggests that these
alternative activities, players and drivers can serve as sources for future
energy transformations but can be missed with advice proffered by policy
makers and analysts. The paper concludes with some suggestions for
policy makers and scholars to consider.

2. Existing parameters for innovation and energy systems change

2.1. Sustainable energy and innovation: understanding these changes
through systems-based frameworks

In talking about reconceptualising innovation through the context
of sustainable energy, it is important to flag that there are numerous
distinctions here as opposed to other sectors. To begin with, debates
exist around the concept of ‘sustainable energy’ – what does it en-
compass? Much of the work has focused on decarbonization, given the
international commitment to limit global warming to an average of 2 °C
[78]. To do so effectively requires “the profound transformation of
energy systems through steeply reducing carbon intensity in all sectors
of the economy” [78,p. 3]. These pathways involve technologies, socio-
economic dimensions and policies. They include efforts regarding en-
ergy efficiency and conservation; the decarbonization of electricity and
fuels; and switching end uses from high carbon to low carbon supplies
[78]. Focus is aimed at reducing greenhouse gas (GHG) and/or carbon
emissions, termed ‘low carbon innovation’ [24]. Others however, em-
phasize the importance of reducing the environmental footprint more
broadly (e.g. reduced water usage, reduced impact on biodiversity,
etc.), termed Sustainability-oriented Innovation Systems in the IS lit-
erature [25]?

Alternatively, when examining the concept of sustainable develop-
ment, some suggest that while environmental and economic efforts are
important, attention must also focus on social dimensions such as

inclusion and exclusion. The work on grassroots innovation is poignant
[81–84], given their focus on the efforts of activists and organizations
to create home-grown efforts aimed at sustainable development as de-
fined locally. Another social emphasis is reducing inequality, termed
‘inclusive innovation’ where it is argued that mainstream innovation
approaches that focus on certain aspects of goods and services (e.g.
quality) neglect large segments of the population [26]. Finally, the
work of Stirling [85] on innovation democracy suggests that as dis-
cussions around sustainability are unfolding, alternative pathways are
‘closing down’ as actors become more engaged with incumbent struc-
tures. Despite these rich debates, there exists a consensus that a myriad
of problems has accrued through our existing energy systems; thus,
prompting a need for change – and that this change must occur quickly
and at a systems-wide level [27].

Systems-based approaches that focus on innovation in the context of
sustainable energy, have turned to various explanations to understand
phenomena from the past or currently underway. Thus, a growing area
of scholarship in which to help understand these changes include
transitions theory and innovation systems – see Ref. [49] for an over-
view. Twomey and Gaziulusoy [49] highlight that these two more
contemporary approaches place attention upon the network of actors;
the co-evolutionary nature of innovations; the role of feedback and path
dependencies/historical trajectories; and that knowledge comes in
various forms. Often manifested in literature on carbon economies or
decarbonization [78], there is a recognition that technological in-
novations alone will not be sufficient in achieving these carbon re-
duction goals; rather, a system of interacting innovations co-evolving is
required [49].

The first strand, transitions theory, where a rich body of literature
exists, examines societies and attempts to understand systems of in-
novations through assessing the interaction of activities occurring at the
landscape level (macro), the regime level (meso), and the niche level
(micro) [8,71,74–76]. Forms of transitions management that highlight
the importance of ‘steering’ these transitions (for instance by public
authorities through policies) include strategic niche management and
transitions management [49].

The other analytical framework, which is sometimes linked to
transitions work [3], centres on the idea of “innovation systems” (IS)
[2,4]; or the people, institutions and environs through which innova-
tion occurs [5]. Emphasis is placed on learning and knowledge, in-
dustry and market structure, and policies as well as institutions as
means through which to understand contextual differences [79]. This
view of innovation recognizes that innovation is a part of a system. To
help tackle this complexity, IS work focuses on several ‘anchors’, such
as global supply chains [2], technologies/structural overlaps between
technologies [9–11], and geographic settings and/or sectors (e.g.
[12,7,22,23,6]).

Innovation is characterized by dynamic feedback loops, networks,
adaptations, and interactions among users and producers [2,13]. Ac-
tivities of public authorities [14] and educational and training organi-
zations matter as well (e.g. education, training, labour and industrial
policies) [5,15]. Knowledge is considered more broadly to include
formal knowledge such as scientific and engineering training, as well as
knowledge gained through learning by doing/using and experimenting,
and market-based learning [79]. These systemic frameworks recognize
that innovation rarely follows along a chain continuum (a linear se-
quence of being conceptualized/researched, then developed in a la-
boratory setting, to being deployed through pilot projects, and then
diffused more widely). But, as policy makers and practitioners point
out, how can these theoretical frameworks be applied to contemporary
contexts? For this, indicators are a tool often turned to.

2.2. Our obsession with numbers

In embarking on this endeavour, we first turn to indicators. As
noted above, progress in innovation is often assessed through a series of

3 https://www.tbs-sct.gc.ca/pol/doc-eng.aspx?id=31300.
4 See here for indicators from the Natural Sciences and Engineering Council of Canada

(NSERC) about the population with STEM backgrounds http://www.nserc-crsng.gc.ca/
NSERC-CRSNG/Reports-Rapports/DPR-RMR/2013-2014/index_eng.asp and see here for
an example of Canadian forestry exports as an indicator https://www.nrcan.gc.ca/
forests/report/economy/16558.
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