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BEFORE COAL

Share of Energy Consumption 1800 in Europe
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THE STEAM ENGINE
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JEVONS PARADOX

English Economist Jevons 1865:

“...the reduction of the consumption
of coal, per fon of iron, to

less than one third of its former
amount,

has been followed....by

a fenfold increase in total
consumption,

not to speak of the indirect effect of
cheap iron in accelerating other coal
consuming branches of industry.”




COMPOSITION OF ENERGY CONSUMPTION

Food = Firewood Fodder Wind mWater o Fossil fuels



INTERNAL COMBUSTION ENGINE




USES OF INTERNAL COMBUSTION ENGINES
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REBOUN

D LIGHT

Figure 10. Price of Lighting from Gas and Electricity in the United
Kingdom (per million lumen-hours), 1900-2000

Figure 11. Consumption of Lighting from Gas and Electricity in the United
Kingdom (per million lumen-hours), 1900-1950
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2. IN

DUSTRIAL REVOLUTION

Global fossil fuel consumption

Global primary energy consumption by fossil fuel source, measured in terawatt-hours (TWh).
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Source: Vaclav Smil (2017). Energy Transitions: Global and National Perspective & BP Statistical Review of World Energy
OurWorldIinData.org/fossil-fuels/ «+ CC BY
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THE FIRST COMPUTER
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THE USE OF ICT
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THE RISE OF ICT

The Internet Of Everything
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Net Energy Use

Indirect Rebound

Direct Rebound

ICT Equipment
Direct
Consumption

Efficiency

Structural Economic Changes

Systemic Transformation

®— Direct —®
@—— Single service ——®
@®—— Complementary services ——®@
@ Fconomy- and society-wide ——————=8

Scope of Impact

Disposal Energy

Operational Energy

Embodied Energy
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ICT service Sector Impact examples

Waste & Recycling (Efficiency)
Increased re-use through more efficient secondary markets

E-commerce

Reduction of physical products destined for recycling or waste
Paper & Packaging

Increased packaging as individual delivery replaces bulk delivery

Reduced paper volume through document e-delivery, e-receipts,
and e-payments

)
A

\

E-materialization

Transportation

Substitution of local freight delivery for retail commuting
Elimination of freight deliveries

More efficient traffic flow via signaling control , crowd-sourced
information, and semi-autonomous vehicles

Telework

Buildings

Reduced demand for retail space
Reduced warehouse space due to supply-chain efficiency

More efficient use of/reduced need for commercial office space

HVAC efficiency through “smart buildings” (e.g., occupancy
monitoring)

Monitoring &
Controls

Manufacturing

Reduction in physical goods manufacturing

Optimization of production processes
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WORLD ENERGY CONSUMPTION

World energy consumption
quadrillion British thermal units
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WORLD CARBON DIOXIDE EMISSIONS

Energy-related carbon dioxide emissions
billion metric tons
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KAYA IDENTITY

Energy Intensity Carbon Intensity

Population pers e
year
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OVERVIEW

Population
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OVERV' EW net-zero?

Energy-related carbon dioxide emissions
billion metric tons
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AT IS NEEDED?

Gt C0o2
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Energy-related CO2 emissions and reductions in the Sustainable Development Scenario by source
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DISCUSSION = TAKEFAWAY MESSAGES?

« Consumer-drivene
e Innovation!

« Rebound is not a new phenomenon
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QUESTIONS®

BEFORE COAL

INTERNAL COMBUSTION ENGINE

8/5/1

5/2/2

7/3/0
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2. INDUSTRIAL REVOLUTION

Global fossil fuel consumption -

WHAT IS NEEDED?

‘‘‘‘‘‘‘‘‘‘‘
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