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The World is at “Crossroads”
Explosive development also led to transgressing 
planetary boundaries and many are left behind

 Since 1800 global economy increased 100-fold, energy 
50 times and CO2 30 times bringing multiple benefits

 During the same period temperature increased over 1oC, 
about 8 million die annually due to indoor and regional air 
pollution

 Achievement of 2030 Agenda and Paris Agreement would 
bring multiple co-benefits for people and the planet
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Four Raiders of the Apocalypse 
Death, Famine, War, and Conquest

Source: Painting by Viktor Vasnetsov, 1887
A metaphor depicting the end of times in the Christian scriptures
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Fossil CO2 emission intensity
Global CO2 emissions growth has generally resumed quickly from global crises.

Emission intensity has steadily declined but not sufficiently to offset economic growth.

Each trend line is based on the five years before the crisis and extended to five years after.
Economic activity is measured in purchasing power parity (PPP) terms in 2010 US dollars.

Source: Friedlingstein et al 2022; Global Carbon Project 2022

https://doi.org/10.5194/essd-14-4811-2022
http://www.globalcarbonproject.org/carbonbudget/
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Global Mean Temperature Change
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Holocene, Paris &Tipping Elements

Adapted from Schellnhuber et al. 2016

Source: John Schellnhuber et al. 2016
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The Kaya identity states that 
the total emission level of 
the greenhouse gas carbon 
dioxide can be expressed 
as the product of four 
factors: human population, 
GDP per capita, energy 
intensity (per unit of GDP), 
and carbon intensity 
(emissions per unit of 
energy consumed).

1986

1993
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Distinguished Visiting Fellow Award Ceremony for 
Prof. Yoichi Kaya at IIASA on 23 May 2019
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Evidence-based Scientific Advice is called for 
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Energy (Demand) Decent Living and Sufficiency

→ New values and norms; new morality and ethics
for a just, safe and beautiful future for all

→ Doing More with Less - Low with High
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Tapping the 
enormous 
potential for 
services-led 
transformation

14
0%

25%

50%

75%

100%

Water Crop Food Nutrition

[f]  Irrigation Water

511 EJ

378 EJ

0%

25%

50%

75%

100%

primary
energy

secondary
energy

useful
energy

service
energy

[d]  Total Energy

208 EJ

72 EJ

0%

25%

50%

75%

100%

Ore &
Scrap
Inputs

Crude
steel

Purchased
products

Recovered
post use

scap

[e]  Materials: Steel

0%

25%

50%

75%

100%

primary
energy

secondary
energy

useful
energy

service
energy

[b]  Building Energy

0%

25%

50%

75%

100%

primary
energy

secondary
energy

useful
energy

service
energy

[c] Transport Energy

0%

25%

50%

75%

100%

primary
energy

secondary
energy

useful
energy

service
energy

[a]  Industry Energy

Source: Wilson, Grubler, and 
Zimm (2022). Energy-Services 
Led Transformation. In: 
Routledge Handbook of 
Energy Transitions (Ed: 
Araujo).
Data from: Grubler et al. 
(2018), De Stercke (2014), 
Nakicenovic et al. (1993), 
Nakicenovic (1990).

savings
amplify back 
up through 
resource 
conversion 
cascade ….
and provide 
more flexibility 
and resilience 
in  resource 
conversion and 
provision of 
services.



decent living 
standards

digitalisation innovation

peer effects and 
network effects

adaptability to local needs, 
and local learning

inclusive, decentralised innovation, 
with social support mechanisms

managing complexity on 
shared infrastructures

coordination and 
governance

CROSS-
CUTTING 
LINKAGES

‘High-with-Low’ scenario further develops
3 key themes from LED … and cross-cutting linkages

Figure source: Charlie Wilson, 2022, EDITS Annual Meeting
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Energy savings (efficiency, conservation, 
and behavior)
~55% improvement by 2030

~20% renewables by 2030

≈ 1.5oC
→ “Adjusted” Peak

Global Primary Energy
Low Energy Demand (LED) – High Services

Source: After Grubler et al, 2018
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Disruptive End-user Innovations

Source: Wilson et al., 2022
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Impact of IC Technology Convergence

Source: Grubler et al., 2018
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pv

				cost		cost		sales		cum sales		multiplier		doubling

		year		Y85/W		index		kW		MW				(rounded)

		1973		30000				0

		1974		25940.337				0

		1975		20992.366				0										variant-refused!

		1976		16284.68		1		22		0.022		1		0

		1977		12930.012		0.7939985311		27		0.049		2.2272727273		1.2

		1978		10287.081		0.6317029871		59		0.108		4.9090909091		2.3

		1979		7236.8421		0.4443957204		86		0.194		8.8181818182		3.2				1		0

		1980		4901.9603		0.3010166795		291		0.485		22.0454545455		4.5				0.6773613612		1.3

		1981		3375.7339		0.2072950712		1024		1.509		68.5909090909		6.1				0.4664647548		2.9

		1982		1953.125		0.1199363451		2123		3.632		165.0909090909		7.4				0.269886194		4.2

		1983		1626.6158		0.0998862612		4826		8.458		384.4545454545		8.6				0.2247685875		5.4

		1984		1373.896		0.0843673932		8900		17.358		789		9.6				0.189847328		6.4

		1985		1200		0.0736888904		10300		27.658		1257.1818181818		10.3				0.1658180776		7.1

		1986		1053.7408		0.0647074919		12600		40.258		1829.9090909091		10.8				0.1456077281		7.6

		1987		953.91211		0.0585772708		13200		53.458		2429.9090909091		11.2				0.1318132269		8

		1988		860.21505		0.0528235771		12800		66.258		3011.7272727273		11.6				0.1188660049		8.4

		1989		752.3511		0.0461999315		14200		80.458		3657.1818181818		11.8				0.1039611776		8.6

		1990		689		0.0423097046		16800		97.258		4420.8181818182		12.1				0.0952072129		8.9

		1991		689		0.0423097046		19800		117.058		5320.8181818182		12.4				0.0952072129		9.2

		1992		660.6		0.0405657342		18800		135.858		6175.3636363636		12.6				0.0912828517		9.4

		1993		663.8		0.0407622379		16700		152.558		6934.4545454545		12.8				0.0917250333		9.6

		1994		663.8		0.0407622379		16500		169.058		7684.4545454545		12.9				0.0917250333		9.7

		1995		641.7		0.0394051342		17400		186.458		8475.3636363636		13				0.088671217		9.8





nuc

		1970		FF/kWactual		Gwinstalled

		1971

		1972

		1973		36737.3591696867

		1974		19484.6148415596

		1975		15606.092542913

		1976		10751.483170025				cost index		doubling		multiplier

		1977		8293.1421745777		1.8		1		0		1

		1978		7822.7801552337		3.7		0.943283035		1		2.0555555556

		1979		7910.1707057387		5.6		0.9538207239		1.7		3.1111111111

		1980		8116.391604925		13.2		0.9786871616		2.8		7.3333333333

		1981		8340.348544218		19.8		1.0056922387		3.4		11

		1982		8514.9017410719		21.7		1.0267401355		3.6		12.0555555556

		1983		8560.8474481037		25.5		1.0322803406		3.8		14.1666666667

		1984		8404.9811814119		32.1		1.013485743		4.2		17.8333333333

		1985		8459.9490175028		37.2		1.0201138504		4.4		20.6666666667

		1986		8457.0459081537		43.7		1.0197637889		4.6		24.2777777778

		1987		8597.4363349539		48.7		1.0366922856		4.7		27.0555555556

		1988		8767.8783772226		51.4		1.057244453		4.8		28.5555555556

		1989		8940.7836014337		51.4		1.0780936346		4.8		28.5555555556

		1990		9021.218666878		55.5		1.0877926203		4.9		30.8333333333

		1991		9333.4689519331		56.9		1.1254442468		5		31.6111111111

		1992		9579.9051237914		58.3		1.1551599049		5		32.3888888889

		1993		9787.4359402415		59.6		1.1801842945		5.05		33.1111111111

		1994		9903.032994519		59.6		1.1941231676		5.05		33.1111111111

		1995		9938.4024109237		59.6		1.198388067		5.05		33.1111111111

		1996		9895.3778717042		61.2		1.193200101		5.1		34

		1997		9948.5568647666		64.2		1.1996125069		5.15		35.6666666667

		1998		10215.9293299091		64.2		1.2318526959		5.15		35.6666666667

		1999		10399.4042402745		64.2		1.2539763868		5.15		35.6666666667

		2000		10567.8717377402		65.7		1.2742904604		5.2		36.5
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Technology Diffusion Compared
Digital Revolution

Source: Nokia Bell Labs, 2017
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The New Bauhaus World
●The New European Bauhaus translates

the European Green Deal into a tangible,
positive experience in which all
Europeans can participate and progress
together.

● It inspires a movement to facilitate and
steer the transformation of our societies
along three inseparable values:
Sustainability, from climate goals to circularity and biodiversity

Inclusion, from valorizing diversity to accessibility and affordability
Beauty, from aesthetics of experience to style beyond functionality

●The approach is multi-level from global to local, participatory and
transdisciplinary.
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Social and Technological Change
Changing consumer preferences (e.g. diets)
Generational change in materialism

(service rather than ownership)
New business models and behaviors

(sharing & circular economy)
Digital Revolution and ICT convergence

toward climte-neutral society (Society 5.0)
Rapid innovation in granular technologies

and integrated (e.g. P2P) digital services
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ありがとう
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