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overview

- challenging the conventional wisdom on 1.5oC

- why disruptive innovations are important
- why granularity is important
- why energy-service efficiency is important

- how we developed the LED scenario
- energy demand in the LED scenario
- implications of the LED scenario



‘lumpy’
large unit size
high unit cost

indivisible
up-scaling

‘granular’
small unit size
low unit cost

modular
replication



Granular energy technologies diffuse faster
(+ are lower risk, + more equitably distributed)

diffusion of 35 
industrial, 
energy, 
transport, and 
consumer good 
innovations (US)

35% of variance 
in ∆t is 
explained by 
investment size 
per unit

granular lumpy

Wilson, Grubler, Bento et al. (forthcoming). “Small is Better: The Benefits of Granularity in Energy Technologies”



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.

‘true’ learning 
rates per 
doubling of 
cumulative unit 
numbers,
after removing 
the effect of unit 
scale economies

trend shows no 
learning above 
100MW unit 
sizes!

y = -0.016ln(x) + 0.0747 
R² = 0.49719 
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Granular energy technologies have higher 
learning rates (controlling for up-scaling)
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mobility
if urban mobility was provided by on-demand 
shared vehicles, what % of today’s vehicle fleet 
would be needed?
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consumer goods

Power 
consumption

Stand-by

=

if smart phone functionality displaced domestic 
devices and appliances, what % of today’s electricity 
would be needed to power consumer goods?
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heating & cooling buildings

who occupies the second largest
amount of office space in London?
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conversion efficiency
e.g., improve

energy efficiency

technological
innovation

organisational or 
business model

innovation

social or 
institutional 
innovation

behavioural
innovation

technological
innovation

heating & cooling buildings
service efficiency

e.g., diversify use to 
increase occupancy

Ask WeWork what makes it so special and they will say it is about 
so much more than office space. It is about the “We Generation” –
a largely Millennial workforce who demand more from their work 
than just a job ... they value experiences over material goods, 
crave a sense of community and fulfilment, and want to be part 
of something greater than themselves. [WIRED, Jun 2018]
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slides on the LED scenario have 
been removed to reduce file size!

for full details on the LED scenario, please go to:

http://www.iiasa.ac.at/web/home/research/researchPrograms
/TransitionstoNewTechnologies/Low_Energy_Demand.html

or search for “IIASA | LED scenario”



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



Transforming energy demand
to meet the 1.5°C target

and Sustainable Development Goals
without negative emission technologies

Charlie Wilson
IEA, November 2018
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