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Problems with conventional wisdom ...
• Negative emission technologies are unproven, risky & conflictual
• Scenarios and modelling are biased towards supply-side solutions
• 1.5oC requires rapid transformation which is inescapably socio-technical
• Potential for the emergence of novelty is under-explored
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In response …
• ‘Low Energy Demand’ (LED) scenario
• Explores rapid transformation in energy services through social,
organisational, and technological innovation
• Allows for rising activity levels to meet decent living standards
• Downsizing energy use enables feasible supply-side decarbonisation
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Low Energy Demand (LED) scenario:
disruptive consumer innovation, granularity,
energy-service transformation + standards
conventional wisdom

LED scenario is based off SSP2 assumptions

Source: IPCC (2018) Special Report on Global Warming of 1.5oC. Figure SPM 3b.
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Disruptive innovations offer novel attributes to
end users ... and can rapidly change markets
Sustaining innovations -> improve currently valued attributes
power speed storage low cost per MB -

portability versatility accessibility (coding) low cost per unit -

Disruptive innovations -> offer novel attributes, create new value

energy X digital X users
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What are ‘disruption’ and ‘disruptive innovation’? And what relevance do they have for energy transformation?
Ten critical perspectives oﬀer ten contrasting responses to these questions. The relevance of Christensen’s canonical deﬁnition of disruptive innovation is highly contested in its applicability to energy and climate challenges, as is the usefulness of analysing discrete business models or technologies rather than socio-technical
systems. Further research on disruptive innovation and energy transformation needs to tackle: (i) the social,
systemic and emissions impact of widespread adoption; (ii) how to mitigate the adverse distributional consequences of disruption; (iii) the consumer appeal of ‘good enough’ products for users marginalised or excluded
from mainstream markets; (iv) the role of incumbents in system transformation; and (v) the reasons for geographic variation in disruption processes currently underway.

1. Introduction
Needs and expectations for energy system transformation keep
mounting. The bar has been raised still higher by the Paris Agreement’s
aspirational aim for 1.5 °C mitigation and the Sustainable Development
Goals’ energy access for all. Rapid, deep, and pervasive changes to the
way energy is resourced, converted and used require marked discontinuity from current trends [1,2]. But does a sustainable energy
future imply ‘disruption’?
Innovation is conceived of most simply as novelty, or more formally,
as “putting ideas into practice through an iterative process of design,
testing, application, and improvement” [3]. Innovation is a central
element in sustainable energy narratives and activities. Alongside the
Paris Agreement, the G20 signed up to ‘Mission Innovation’ and a
doubling of public R & D investments to ‘accelerate the clean energy
revolution’ [4]. Many emerging innovations – from decentralized
electricity generation and electric vehicles to peer-to-peer business
models and digitalisation – are frequently labelled as ‘disruptive’ [5].
But ‘disruptive innovation’ is a slippery term used diﬀerently by entrepreneurs, incumbents, regulators and academics, and applied variously to technologies, business models and sociotechnical systems.
Shorn of its association with innovation, ‘disruption' also takes on a
very diﬀerent and largely negative connotation.
So what are ‘disruption’ and ‘disruptive innovation’? And what relevance do they have for energy transformation?
This Special Section on ‘Disruptive Innovation and Energy
Transformation’ oﬀers ten Perspectives on what disruption and
⁎

disruptive innovation mean, and whether they are useful lenses for
examining the sustainable energy challenges of our time. The
Perspectives were invited from authors with a range of backgrounds
who were given free rein to articulate their views subject to two constraints: they had to explain how they interpreted the terms ‘disruptive
innovation’ and/or ‘disruption’; and they had to explore whether and
how they thought either term was relevant for energy transformation.
As Perspectives they are intended to be “opinion-like pieces on a ‘hot'
topic, introducing new concepts, ideas and ﬁndings to the ﬁeld of energy
studies” (ERSS Editorial Guidelines).
The collective result is an illuminating set of arguments and counterarguments, touching on Christensen's canonical deﬁnition of disruptive innovation, but then departing in critical and often intriguing
directions. Clayton Christensen, a leading business and management
scholar, popularised the term ‘disruptive innovation’ to describe lowcost, low-end goods and services which appeal to consumers marginalised or excluded from mainstream markets [6]. Historical examples of
disruptive innovations – from microcomputers to discount retailers –
illustrate their transformative potential. Could analogous disruptive
low-carbon innovations help transform energy systems? The Perspectives in this Special Section explore this question in depth, and reach
conclusions ranging from a circumspect yes to a categorical no. But it is
the arguments why which are important.
To be clear, this is not an abstract or theoretical debate. Energy
transformation requires directed, aligned, multi-scale eﬀorts to innovate more sustainable ways of producing, distributing and using
energy. Consumers are an elephant in the room: at best, consumers are
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Granular energy technologies have higher
learning rates (controlling for up-scaling)
De-scaled Learning Rate (CumulaBve Number of Units)

Learning rates per doubling of cumula<ve # of units
controlling for unit economies of scale (exc. 2 outliers)
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Data from: Healey, S. (2015). Separating Economies of Scale and Learning Effects in Technology Cost Improvements.
IR-15-009. International Institute for Applied Systems Analysis (IIASA), Laxenburg, Austria.
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thermal comfort

changes from 2020 to 2050
increase in activity
- converge on 30m2/capita
reduction in energy intensity
- Global North: double
retrofit rate to 3%
- Global South: new build to
Passivhaus standards
+ consumer preference for
multi-functionality (e.g.
heat pumps, fuel cells)
+ mixed use & flexible use
building design
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changes from 2020 to 2050
increase in activity
- factor 3 increase in Global
South (~24 devices/capita)
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reduction in energy intensity
- improves 15% per device on
average (~82 kWh/device)
- improves >70% in lighting
(LEDs!)
+ device convergence
(multi-functionality)
+ ownership to 'usership'
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mobility

changes from 2020 to 2050
increase in activity
- factor 2 increase in Global
South (7,600 p-km)
reduction in energy intensity
- factor 3 reduction (engineto-wheel) from electrification
+ shared & responsive modes
increase vehicle occupancy by
25% and daily usage by 75%
+ global vehicle fleet halves!

LED is the lowest global
energy demand scenario
ever published
(we think)
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Energy end-use in LED is rapidly electrified,
with renewables the dominant resource

Down-sizing the energy system enables
faster and more feasible decarbonisation
Compared to other <=2oC scenarios, renewables in LED have
higher relative market shares: lower absolute growth rates:
• 8%
• 32%
• 60%

(by 2020)
(by 2030)
(by 2050)

• 20-50% historically
• 15%
(2020 to 2030)
• 5-10% (2040 to 2050)

LED uses SDG12 (responsible consumption and
production) as entry point for addressing other SDGs
e.g., LED avoids 1.4m premature deaths per year through reduced air pollution
[GAINS model]

LED

1.5oC

Conclusions & implications from LED scenario analysis
• Limiting warming to 1.5°C is just about conceivable
without CCS and negative emission technologies
• Importance of accelerated transformation in energy services
• social + organisational innovation as well as technological
• e.g., ‘usership’, granularity, sharing economy, digitalisation, diverse
end user roles, economies of scope

• Policy implications:
• from mega-projects & energy supply to empowering energy users
• from carbon pricing to standards, ‘scripted’ innovation, and
open regulatory environments

• Implications for us:
• countless opportunities to enjoy energy services for dramatically less
energy consumption
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