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Four Great Achievements since the
Beginning of Industrial Revolution

< Life expectancy has doubled in a century
< One billion are obese while less go hungry
< More die by suicide than war and violence

< Everyone in the world has a mobile phone
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Mobile Phones Charging
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oo lazer - Global Fossil CO, Emissions

Global fossil CO, emissions have risen steadily over the last decades.
The peak in global emissions is not yet in sight.

: Global Fossil CO, Emissions
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Estimates for 2015, 2016 and 2017 are preliminary ; 2018 is a projection based on partial data.
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http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/
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The Kaya decomposition illustrates that relative decoupling of economic growth from CO,
emissions is driven by improved energy intensity (Energy/GWP)

Kaya decomposition of global emissions growth
Changes relative to 2000
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Source: Jackson et al 2018; Global Carbon Budget 2018



https://doi.org/10.1088/1748-9326/aaf303
http://www.globalcarbonproject.org/carbonbudget/

Annual global CO, emissions (GtCO, yr)

40

30

20

10

-10

-20

“Carbon Law”

human carbon
emissions

1 1 1 1 1 1 1

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

anthropogenic CO, emissions (gross)
T fossil fuel and industry

land use and land-use change

Rockstrom, Gaffney, Rogelj, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017




Annual global CO, emissions (GtCO, yr)

40

30

20

10

-10

-20

“Carbon Law”

human carbon
emissions

1 1 1 1 1 1 1

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

anthropogenic CO, emissions (gross) anthropogenic CO, removals

T fossil fuel and industry

BN |and use and land-use change

land use and land-use change

Rockstrom, Gaffney, Rogelj, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017




40

30

20

10

-10

Annual global CO, emissions (GtCO, yr)

-20

“Carbon Law”

human carbon

emissions

human carbon'sinks

1 1 1 1 1 1 1

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

anthropogenic CO, emissions (gross) anthropogenic CO, removals
T fossil fuel and industry B |and use and land-use change

land use and land-use change M engineering CO, sink (BECCS)

Rockstrom, Gaffney, Rogelj, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017




“Carbon Law”

301

20

human carbon

Uy emissions

101

Annual global CO, emissions (GtCO, yr)

1

T fossil fuel and industry

2010 2020 2030 2040 2050 2060 2070 2080 2090 21

anthropogenic CO, emissions (gross) anthropogenic CO, removals
BN |and use and land-use change

land use and land-use change

Rockstrom, Gaffney, Rogelj, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017

I engineering CO, sink (BECCS)

1
00
biosphere carbon sink
I Land carbon sink

0 Ocean carbon sink



N
crosaL|carson  The IPCC Special Report on “Global Warming of 1.5°C”

PROJE

The IPCC Special Report on “Global Warming of 1.5°C” presented new scenarios:
1.5°C scenarios require halving emissions by ~2030, net-zero by ~2050, and negative thereafter
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® Global Carbon Project ® Data: IAMC 1.5°C Scenario Explorer (hosted by [IASA)

Net emissions include those from land-use change and bioenergy with CCS.
Source: Huppmann et al 2018; IAMC 1.5C Scenario Database; IPCC SR15; Global Carbon Budget 2018



https://doi.org/10.22022/SR15/08-2018.15429
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer/
https://www.ipcc.ch/report/sr15/
http://www.globalcarbonproject.org/carbonbudget/

SDGs:
Prosperity
Social Inclusion
Sustainability
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The World in 2050 ‘l‘*’

www.twi2050.0rg

S I Nakicenovic

INTERGOVERNMENTAL PANEL oN ClimaTte chanee who UNEP

2019 #12




723\ SUSTAINABLE ™ &'
&) DEVELOPMENT %..SALS

DECENT WORK AND
ECONOMIC GROWTH

NO 2 IERD 3 GOOD HEALTH QUALITY 5 GENDER B GLEAN WATER
POVERTY HUNGER AND WELL-BEING 1 H EQUALITY AND SANITATION
[ ] [ ]
Yy (¢ I
T | - v l
9 hoszisrene: @ 10 deoires 1
-
i 1 &G ik
[ g |
133 U 158, J 1655 s [
e TAINABLE
@ S—— @ glI'ElsE.LCI)PMENT
o | — GO:ALS

!ﬁl Nakicenovic 2019 #13




Multiple Benefits of Integrated Policies
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A GUIDE TO

SDG INTERACTIONS:
FROM SCIENCE
TO IMPLEMENTATION
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Interactions between SDG 7 & other SDGSs

Sustainable Development Goals
1 - No Poverty

2 — Zero Hunger

3 — Good Health and Well-being
4 — Quality Education

5 - Gender Equality

6 — Clean Water and Sanitation
7 — Affordable and Clean Energy

8 — Decent Work and Economic
Growth

9 — Industry, Innovation and
Infrastructure

10 - Reduced Inequalities

11 - Sustainable Cities and
Communities

12 - Responsible Consumption
and Production

13 — Climate Action
14 - Life below Water
15 — Life on Land

16 - Peace, Justice and Strong
Institutions

17 — Partnerships for the Goals

S | Nakicenovic Source: McCollum et. al, 2018 2019 #16



TWI2050 Report (www.TWI2050.0rg)

Key Messages

Synthesis

1. Framing and Introduction
2. The Challenges Ahead

3. Sustainable Development
Pathways

4. Governing the Transformation 'y

» >60 authors from ~20
organizations

b & ‘l“-h N

> >150 Contributors and TWI12050 Writing Meeting
participants 5-7 March 2018, IASA
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TWI2050 Report (www.TWI2050.0rg)

Key Messages

Synthesis

1. Framing and Introduction
2. The Challenges Ahead

3. Sustainable Development
Pathways

4. Governing the Transformation

» >60 authors from ~20
organizations

> >150 _COntribUtOl’S and TWI20‘50 Launc
partICIpantS 11 July 2018, UN
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Some Key Messages

Attaining the SDGs In a resilient and lasting way,
requires vigorous action now, and a people and
planet focus beyond 2030!

As everything Is integrated in the connected world,
the grand transformation requires a holistic
perspective!

Transformational change Is needed but to succeed
we must take along winners and losers!

The world Is at crossroads as we are currently
experiencing signs of a counter-transformation!

A central element of the sustainability transformation
Is effective and inclusive governance!

Think globally, act locally! Think long-term, act now!
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The World in 2050 (TWI2050.0rg)

“Doing More with Less” within Planetary Bof'nda |s

. Vision:
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One “backcasting” Storyline and
many transformational pathways

«— Target space 2030

Transformation Diffusion
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Six Major Transformations (TWI2050.0rg)

Digital
revolution
Artificial intelligence,
big data, biotech,

nanotech, autonomous
systems

Human capacity
t,; & demography

Education, health, ageing,
labor markets, gender,
iInequalities
SDGs:

Prosperity
Social Inclusion

Smart cities

Consumption
Decent housmg

N #A& production
Sustainabilit e
mtobllltyl;,I ; “); S ##% Resource use,
_sustainable ' Ramd O\ & /circular economy,
infrastructure, % TW|2050- = sufficiency, pollution
pollution J§% The World in 2050° any

www.twi2050.0rg

Food, biosphere

Decarbonization
& water

& energy
Sustainable intensification & Energy access,
biodiversity, forests, & efficiency,
oceans, healthy diets,

electrification,
decent services
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Global Primary Energy
Zero Emissions by 2050
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S | Nakicenovic Source: Sterner et al. 2016 after WBGU, 2015
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Possible Transformational Technologies

Google X
ABFPT2HE it _

T—

‘Accelerator Turbine Offshore~
~ Wind Farm; .

* Excellent chance of being <
- hugely profitable.

* Typical IRR 20-30% ._-;':

2019 #23



Hydraulic Electricity Storage

S | Nakicenovic Source: Eduard Heindl 2019 #24
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JNETPOWER Breaks Ground on
Demonstration Plant for Oxyfuel,
Nantural Gas ZEP, La Porte, Texas
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Global Primary Energy
ALPS Low Energy Demand (LED)
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Impact of IC Technology Convergence

Power consumption

Stand-by

S | Nakicenovic Source: Grubler et al., 2018 2019 #27



Impact of Digital Technology
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Technology Diffusion Compared
digital revolution
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Social and Technological Learning

THE COMING INAUTONOMOUS VEHICLES

SONAR
RADAR GPS

PER SECOND
PER SECOND PER SECOND

AUTONOMOUSVEHIGLES
CAMERAS < L 4 LIDAR

PER SECOND k j PERSECOND
: o

PER DAY... EACH DAY
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“Autonomous” Feature of Tesla S
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Disruptive Change

Easter Parade on Fifth Avenue, New York, 13 years apart

1900: where’s the car? 1913: where’s the horse?

Imagges: L, Mazoral Archive, wwwarchives pewdressarchiame  san-cickafimages famarican-ricles- 101 ipe
R, shorpycominode204.
Inspirathon:Tona, Seba’s keynons bscrure ac AleCar, Sarm Monko CA, 28 Ocx 1014,
fies 0 CaAr-4 ] " i
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Pipistrel electric aircarft

S | Nakicenovic Source: lvo Boscarol 2019 #33



Urban mobility FRA airport
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Progress Eagle
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