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Solutions




Why do skeptics bother?

N
Disclaimer: Scientific skeptics are not

climate ,skeptics” or denialists

Skeptics strive for a world in which pseudoscientific
claims do not deceive or harm anyone.

Our mission is to provide reliable information on
claims that contradict science and the tools of
skeptical inquiry to evaluate and investigate them.

Reference: Skepticism Reloaded:
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The developing world

Life expectancy globally and by world regions since 1770
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Source: Life expectancy — James Riley for data 1990 and earlier; WHO and World Bank for later data (by Max Roser)
OurWorldInData.org/life-expectancy/ « CC BY-SA




The developing world

World population living in extreme poverty, 1820-2015

Extreme poverty is defined as living at a consumption (or income) level below 1.90 "international $" per day.
International $ are adjusted for price differences between countries and for price changes over time (inflation).
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Source: World Poverty in absolute numbers - OWID based on World Bank (2016) and Bourguignon and Morrisson (2002)
OurWorldinData.org/extreme-poverty/ « CC BY-SA




Why has the world improved
overall?

The industrial revolution gave us energy

The medical revolution has reduced
deaths from diseases

The Green revolution has drastically
Improved food production



Still Two Major Global
Challenges

Feed the World
Still 800 Million of 7 Billion undernourished
9 Billion in 2050, perhaps 11 Billion 2100

Give the World Sufficient Energy

Every family in the world should have a
washing machine and refrigerator

So we need more energy than ever before
o Fossil Fuels gave us a higher standard of life
o But can we continue burning fossil fuels?

Unfortunately no free lunch!
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Before we look at our World

Venus

® 450°C

® 92 bar

® CO,: 96.5%

® N,: 3.5%

® SO,: 0.015%
® H,0: 20ppm
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James Hansen

from studying Venus
to the Earth

21.04.2018



Jean-Baptiste Fourier (1768 — 1830)
discovered the greenhouse effect

John Tyndall (1820 — 1893)
identified the greenhouse gases

g-

o

G' “* Svante Arrhenius (1859 — 1927)
UN

| predicted a climate sensitivity of EEERld
* 5 —-6°C for a doubling of
L atmospheric CO,

Charles David Keeling (1928 — 2005)
started regularly measuring
atmospheric CO,

now known as the “Keeling Curve”
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Atmospheric Gases

Greenhouse Non-Greenhouse
Carbon Dioxide (CO,) Nitrogen (N,)
Methane (CH,) Oxygen (O,)
Nitrous Oxide (N,O) Argon (Ar)

Water Vapour (H,O) Neon (Ne)
Ozone (O,) Helium (He)
Chlorofluorocarbon Xenon

(CFC) Krypton
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The Temperature on Earth

® Incoming sunlight warms the Earth
® Outgoing infra-red radiation cools it

@ Equilibrium when the incoming
equals the outgoing radiation

® Calculated temperature: -19°C

The actual average temperature is +15°C

The 34°C difference is due to greenhouse gases
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Inner Planets and the Moon

Mercury 9160
Venus 2648
Earth 1366
Moon 1366
Mars 580

21.04.2018

168 °C 177 °C
-41 °C 452 °C

-3°C  0°C
-64 °C -55°C
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The Charney Report: First
official scientific assessrgent

Carbon dioxide and climate: A
scientific assessment (1979)

Report to the Climate Research
Board, Assembly of Mathematical
and Physical Sciences, National
Research Council

"We estimate the most probable

global warming for a doubling of

CO, to be near 3°C with E?.l probable (1917 — 1981)

error of £ 1.5°C
| /4

21.04.2018 Talk for the Belgian Skeptics © GWUP 2018 13

Jule Gregory Charney



Keeling Curve since the late

50s

e co i 41().23 ppm

Carbon dioxide concentration at Mauna Loa Observatory
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Full Record ending April 17, 2018
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Energy Imbalance

— Total
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K. von Schuckmann et al, An imperative to monitor Earth's energy imbalance
Nature Climate Change, 6, 138-144, (2016) doi:10.1038/nclimate2876



Temperature vs Solar Activity

- Jemperature 11-year average
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Sea-level rise since 1880

— 71 *+ r T 1 r T T T r T Ta
tide gauge data& uncertainty’
satellite altimeter data2

- Yearly average data ; updated from Church and White (2011)
Latest data : 2013 (t.g.) and 2014 (alt) Combined Topex/Poseidon, Jason-1&2
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Denialist view
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NASA full graph

Some like Bjoérn Lomborg (2008) say
we-should-tell people-sea-level “stopped”
rising for two years

1995

Source: climate.nasa.gov




1m sea-level rise Europe
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http://climate.nasa.gov/interactives/climate-time-machine
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2m sea-level rise Europe
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http://climate.nasa.gov/interactives/climate-time-machine
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3m sea-level rise Europe
(NASA)

http://climate.nasa.gov/interactives/climate-time-machine
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What does 2 — 3 °C more
mean for sea levels?

Das Pliocene (5.3 — 2.6 Million years ago) was 2.5
°C warmer than today

Sea level was 25m higher than today

Equilibrium-Sea-Level Change (m) Vs. Temperature Change (C degrees)

It could take centuries to
reach equilibrium

An increase of +0.85 °C
implies an equilibrium of
+6.5 m

Of course, changes are
non-linear, so we don’t
know with certainty
whether it will be less or
more

¢ Sealevel [m) ——CubicFt

Source: L. David Roper, http://www.roperld.com/science/sealevelvstemperature.htm
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One statement from many

IAVAAAS

ADVAMCING SCIEMCE. SERVING SOCIETY

“The scientific evidence is clear: global climate change caused
by human activities is occurring now, and it is a growing threat
to society. Accumulating data from across the globe reveal a
wide array of effects: rapidly melting glaciers, destabilization of
major ice sheets, increases in extreme weather, rising sea level,
shifts in species ranges, and more. The pace of change and the
evidence of harm have increased markedly over the last five
years. The time to control greenhouse gas emissions is now.”




Is this just temporary?

/\Volcano)

. coa'——-’ |
00003 + COz + H20

CaCO3 + SiO;z

metamorphism

%6,)\ CasiO; + €Oz
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Long Tail Model Intercomparison Project
LTMIP
AR

LTCM = GEOCYC
MESMO =

CO;z (ppmv)
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Natural processes will take 1000 centuries, not one to return CO, to “normal”

D. Archer, M.l Eby, V. Brovkin, A. Ridgwell, L. Cao, U. Mikolajewicz, K. Caldeira,
K. Matsumoto, G. Munhoven, A. Montenegro, Ann. Rev. Earth Sciences, 2009.
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Our Past: Faint Young Sun Paradox

The Faint Young Sun Paradox
Temperature Solar Luminosity

25°C _ 1 00%
Actual temperature of Earth

Present Value

Freezing point of H,O \

Temperature expected on Earth
with present atmospher

¥—_ Change in solar luminosit

Temperature expected on
Earth with no atmosphere

I :
35 3 2 1.4 1 0
Life Begins First Present Day
Billions of Years Ago Eukaryotic
Cell
Even though the Sun was about 30% dimmer than it is now,
the temperature on Earth has been more or less stable.

Source: The Annenberg Foundation,



https://www.learner.org/

Earth’'s greenhouse effect

Weaker irradiation Stonger irradiation

\stron \weake greenha

Carbon in solid Earth
via weathering

Early Earth Earth Today
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Temperatures 500 million years

Temperature of Planet Earth
cmjofs|opfc p[m| | kK | Pal | Eocene | Ol | Miocene |  Pliocene | Pleistocene

—— Lisieckiand Raymo (2005} & Hansen et al (2013} s EPIC& Dome C, Antarctica (x 0.5)
Early Eocene Lisiecki and Raymo (2005) & Hansen et al (2013)
optimum

. ROyer 2t 31(2004) - 002 from GEOCARE [x 2.
= == = Royerat al{ 2004} - COZ from proxies (x 2.0) Zachos ot =l (2008) & Hansen et al(2013)

500 400 300 200 100 60 50 40 30 20 10 5 1000 800 600 400 200

Eemian

Holocene

—— EPICA Dome G, Antarctica (x 0.5)
——— NGRIF, Greeniand (x0.5)
= Marcott et al {2013)

@ Bereley Earth land-ocean

@ IPCCARSRCPES

Holocene
optimum
s

20

Millions of years before present Thousands of years before present (2015 CE)

°F vs 1960-1990average



https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png
https://commons.wikimedia.org/wiki/File:All_palaeotemps.png

The Problem: recognising the crisis

The Earth has a massive inertia — it
takes time for the changes to occur

Much of today’s warming is still in the
pipeline — the Earth will continue to
warm even if we stop all emissions now
Amplifying “positive” feedbacks
well-known from Earth’s history

2 or 3 degrees more mean more than
most imagine



Recommended Read

21.04.2018
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ave a population
?

or the Belgian Skeptics © GWUP 2018
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The Population Bomb (Myth)

Paul Ehrlich (1968): The battle to feed all of
humanity is over. In the 1970s hundreds of
millions of people will starve to death in
spite of any crash programs embarked upon
now. At this late date nothing can prevent a
substantial increase in the world death rate...
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This Is reality

World population growth, 1750-2100
.J\ Annual growth rate of the world population

World population 11.2 Billion
1 O.S.anon

What happened? 0 gan
« Lower child mortality .2 gl
1.6% Education of women and girls
Access to contraceptives
Less absolute poverty

Food security

2%
1.8%
1.496 74?mbn
1.2%

1%
08% 4.4.Bi||i0n
0.6% 3 pifion

0.29% 0.9 Billion

1,65.B|H|on

0%
1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 |2020 2040 2060 2080 2100

2015

Data sources: Up to 2015 OurWorldInData series based on UN and HYDE. Projections for 2015 to 2100: UN Population Division (2015) — Medium Variant.
The data visualization is taken from OurWorldinData.org. There you find the raw data and more visualizations on this topic. Licensed under CC-BY-SA by the author Max Roser.
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Development of fertility

How long did it take for fertility to fall from more than 6 children gl
per woman to fewer than 3 children per woman?

United Kingdom (1815-1810) 95 years
Poland [(1870-1960) 0 years
USA [1844-1926) 82 years
Greece (1850-1920) 70 years
Malaysia (1962-1999) 37 years
South Africa (1963-1997) 34 years
Turkesy (1964-1981) 27 years
Costa Rica (1966-1993) 27 vyears
Brazil (1963-1985) 26 years
Colombia (1968-19393) 25 years
Botswana (1982-2006) 24 years
Morocco (18976-1998) 22 years
Tunisia (1973-1994) 21 years
Bangladash (1982-2002) 20 years
South Korea (1960-1978) 18 years
China (1967-1978)* 11 years
Iran {1986-1996) 10 years
25 years 50 years 75 years 100 years

" The: ane-child-policy in China was infroduced after the decline of the total fertility rate below 3. 1t was infroduced bebween 1978 and 1380,
Data source: The deta on the total farility rate |= taken from the Gapmindar fertilty datasst {version B) and the Word Bank Workd Development Indicators
The interective data visualization is avallable at OuroridinData.ong. There you find the rew data and more visualizations on this topic Licansed wndar CC-BY-54 by the author Max Roser.




Norman Borlaug (1914 — 2009)

‘l R

Nobel Peae Prize 1970: His researchled to the
green revolution - Ehrlich’s prediction defeated

21.04.2018 Talk for the Belgian Skeptics © GWUP 2018
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INDEX

Food and population trends since
1960

Source: FAO (2015).
350 ,

300

Food production

250

200

Population

150
Land use
100 =
1961 1968 1975 1982 1989 1996 2003 2010
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At what level will population
peak?

We will likely end up with between 9 and
15 Billion people on Earth

It will be less the better the people are
off, the less child mortality we have and
the more girls and women are educated
and have access to contraceptives

What is needed here is another story
and not part of the talk



ian Skeptics © GWUP 2018
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How much energy do we need?

2014 globally: 157,500 TWh per year =
18 TW average power for all of humanity
2400 W per person for 7 billion
USA: 10,000 W, Europe: 4,500 W
China: 2,100 W, India: 720W

2100 with optimal energy savings:

2000 W pro Person minimum
20 TW or more likely something like 30 TW

At the same time, we need to reduce
emissions by at least 90%

21.04.2018 Talk for the Belgian Skeptics © GWUP 2018
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Primary energy world consumption -
Million tonnes oll equivalent

Coal
Renewables
B Hydroelectricity
Nuclear energy
B Natural gas
Ol

Renewables only are not going to be the solution!

91 92 93 94 9 96 97 98 99 00 01 02 03 04 05 O6 O7 08 09 10 11 12 13 14 15 16

BP Statistical Review of World Energy 2017 © BP p.l.c. 2017
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Shares of global primary energy
consumption - Percentage

Qil B Hydroelectricity
m Coal Nuclear energy
B Natural gas Renewables

66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 00 02 04 06

BP Statistical Review of World Energy 2017 © BP p.l.c. 2017
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ermany Is failing

Entwicklung der energiebedingten Treibhausgas-Emissionen? nach Quellgruppen

Millionen Tonnen Kohlendioxid-Aquivalente

1.000 |-
800 4 B9 BB 49 44 Mo WE 4B Za 22 BE 4R 4a Ba BE 4R 2o au
600
400
200
0
1990 | 1991 | 1992 | 1993 | 1994 1995 | 1996 1997 | 1998 1099 2000|2001 2002 | 2003 2004 | 2005 | 2006 2007 | 2008 2009|2010 2011 2012 2013 2014|2015 2016
Haushalte 132 | 134 | 125 136 | 130 130 | 144 140 | 133 | 121 | 119 | 132 122 | 123 | 114 | 112 | 114 89 108 100 | 107 21 85 101 83 88 91
, Handel, Di i * 88 83 72 69 64 65 76 66 64 59 54 62 58 50 48 48 54 42 50 a5 48 43 42 45 42 43 a5
W Industrie ® 187 | 165 | 155 144 | 142 146 | 136 140 136 | 134 130 123 122 | 119 118 | 115 120 128 | 127 109 | 125 123 | 118 | 119 118 | 127 126
W Verkehr 164 | 167 | 173 178 | 174 178 | 178 178 | 182 | 187 183 179 177 | 170 170 161 | 157 154 | 154 153 | 154 156 | 155 | 159 160 | 163 167
W Energiewirtschaft 427 | 413 | 391 3B0 | 377 368 | 375 354 | 356 | 345 358 | 371 373 | 387 384 | 379 381 388 | 368 345 | 357 | 354 364 | 367 349 | 337 332
# Diffuse Emissionen * 38 37 35 36 33 31 31 30 27 28 26 24 23 pa 18 16 15 13 13 11 11 11 12 12 10 11 10
Summe 1037 | 1000 | 951 | 942 | 920 918 | 939 508 | 898 | 874 BF1 | 891 B75 | 870 B853  B32 | 842 816 | B20 763 | 802 779 | 785 | BO2 762 | 768 772
1in Kohlendioxid-Aquivalenten, beriicksichtigt sind Kohlendioxid (CO,), Methan (CH,) und Lachgas (N,0) Quelle: T i fiir die
2 ginschlieBlich M'Illur und Lan:lmrlnrhnﬁ. (energiebedingt) atmosphirischer Emissionan 1990-2016, Stand 01/2018

2 enthalt nur Emi aus il
*durch i und il von




Example Belgium

Low-carbon energy in Belgium's electricity and energy mixes

% of electricity generation & primary energy consumption | ‘ Hydro - Nuclear Solar Wind
Electricity Primary energy
60% =T 2 N T T A N T T T T R AR e e S e s
50% - = o : : : : -
Shutting down Tihange in Belgium
40% _ _| and bowing to German pressure | _
would mean more emissions!
30% - e
20% - - - - - - - - -
10% - _—
0% - T T

1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015

Data source: BP Statistical Review of World Energy 2016
Primary energy consumption covers all uses of energy from electricity to transport and heating
Figure by robert.wilson@strath.ac.uk



Example France

80%

60%

40%

20%

0%

Low-carbon energy in France's electricity and energy mixes

% of electricity generation & primary energy consumption . Hydro . Nuclear Solar Wind

Electricity Primary energy

1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015

Data source: BP Statistical Review of World Energy 2016
Primary energy consumption covers all uses of energy from electricity to transport and heating
Figure by robert.wilson@strath.ac.uk



Example Germany

Low-carbon energy in Germany's electricity and energy mixes

% of electricity generation & primary energy consumption Hydro . Nuclear Solar Wind
Electricity Primary energy
30% =+
20% -
10%
0% - T T T T T T T T

1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015

Data source: BP Statistical Review of World Energy 2016
Primary energy consumption covers all uses of energy from electricity to transport and heating
Figure by robert.wilson@strath.ac.uk



Fossil Fuel Consumption EU

Total fossil fuel consumption in European countries in 2015 - Coal [l Natural gas

Millions of tonnes of oil equivalent per year oil

Austria 10 | |
Belgium - |
Bulgaria "
Czech Republic I
Denmark 00
Finland =
France - -
Gormany 4 : : ' : I
Greece - | |
Hungary -0l
ireland )
Italy - R
Netherlands = |
Norway -S|
Poland T . ]
Portugal - g
Romania = IR
Spain 1 . —
Sweden - fl
Switzerland

United Kingdom r . & : _

0 50 100 150 200 250

Data source: BP Statistical Review of World Energy 2016
Note: Russian data begins in 1990
Figure by: robert.wilson@strath.ac.uk
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Fossil Fuel Consumption / Person

Fossil fuel consumption in European countries in 2015 I Coal [ Natural gas
Tonnes of oil equivalent per person per year oil :

Austria -
Belgium -
Bulgaria -
Czech Republic -
Denmark -
Finland -

France -

Germany -

Greece -
Hungary -

Ireland -

Italy -
Netherlands -

Norway -

Poland -
Portugal -
Romania -

Spain -

Sweden -
Switzerland
United Kingdom

0 1 2 3 4

Data source: BP Statistical Review of World Energy 2016
Note: Russian data begins in 1990
Figure by: robert.wilson@strath.ac.uk
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We will need several Wedges

Gt C / year
A
1 Gt C/year
10
10 Gt C /year = 37 Gt CO,, / year
>
now 2050
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One approach: 2000 Watt Society

Gesellschaft

EnergieSchweiz fiir Gemeindan

¢

Institute of Design Research Vienna, Ausstellungsansicht Werkzeuge fur die Design-Revolution, 2012 © Wolfgang Thaler

http://www.2000watt.ch/die-2000-watt-gesellschaft/
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Carbon Tax*

Collected at the source for all fossil fuels:
coal, oil and gas

For imports, carbon tax unless the country
of origin has at least the same level of tax

Distribute equally to all residents in the
country

Advantages

No complicated bureaucracy - it goes to the
people, not to interest groups

The real cost of fossil fuel becomes transparent,
no more externalization of future costs

* As suggested by James Hansen



The war between the proponents of nuclear energy
and those promoting solar and wind must stop.

Even these are an essential, but only part of the solution

21.04.2018 Talk for the Belgian Skeptics © GWUP 2018
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Emissions compared

Electricity Generation Technologies Powered by Renewable Resources Electricity Generation Technologies
Powered by Non-Renewable Resources

Maximum

75" Percentile
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Geothermal Energy |

Concentrating Solar Power

1500 * Avoided Emissions, no Removal of GHGs from the Atmosphere

Count of
Estimates | 222(+4) 124 125 83(+7) 24 |169(+12)

References

~iNREL Ince

nTercoveenmenTaL pant on Climare change
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Mitigation
measures

Effect on additional objectives/concerns

Economic

Social (including health)

Environmental

Other

Nuclear
replacing coal
power

Energy security (reduced exposure to fuel

price volatility)'

Local employment impact {but uncertain

net effect)

Legacy cost of waste and abandoned
reactors’

Health impact via
Air pollution® and coal-mining accidents®

Nuclear accidents® and waste treatment,
uranium mining and milling’

Safety and waste concerns®

Ecosystem impact via
Air pollution® and coal mining'®

Nuclear accidents!’

Proliferation risk'

RE (wind, PV,
CSP, hydro,
geothermal,
hioenergy)
replacing coal

Energy security (resource sufficiency,
diversity in the near/medium term)”

Local employment impact (but uncertain

net effect}™

Irrigation, flood control, navigation, water

availability (for multipurpose use of
reservoirs and regulated rivers)'

Extra measures to match demand (for PV,

wind, and some CSP)'®

Health impact via
Air pollution {except bioenergy}!’
Coal-mining accidents'®

Contribution to {off-grid} energy access™

Project-specific public acceptance concerns
{e.g., visibility of wind)®

Threat of displacement (for large hydro)*'

Ecosystem impact via
Air pollution (except bicenergy)*
Coal mining®
Habitat impacts (for some hydro)?*

Landscape and wildlife impact (for
wind)?®

Water use (for wind and PV)#*

Water use (for bioenergy, CSP, geo-
thermal, and reservoir hydro)*

Higher use of
critical metals
for PV and
direct drive wind
turbines®

Fossil CCS
replacing coal

Preservation vs. lock-in of human and
physical capital in the fossil industry?

Health impact via
Risk of CO, leakage®
Upstream supply-chain activities®’

Safety concerns (CO, storage and
transport)*

Ecosystem impact via upstream
supply-chain activities®

Water use

Long-term
monitoring of CO,
storage®®

BECCS replacing

coal See fossif CCS where applicable. for possible upstream effect of biomass supply, see Sections 11,7 and 11.13.6

Occupational safety at coal mines®/ \

Methane T Energy security (potential to use gas in )
leakage some cases)t
prevention,
capture, or
treatment

Ecosystem impact via reduced air

ollution*
1 Health impact via reduced air pollution® P

IPCC AR5 WG3 Table 7.3




Using Energy has side effects

We need to move from an arbitrary
precautionary principle to one that
objectively compares risks and benefits

Not doing something also has a risk

Fossil fuels cause more human deaths
per day than nuclear, wind and solar
together have ever caused.

Most importantly: We need energy for
human welfare



Rational and science-based

approaches

~ocus on public transportation and speed
Imits in Germany

Renewables, CCS, nuclear energy and
much more

Those who regularly quote the IPCC should not
selectively forget what it says about nuclear

Next generation biofuels, including plants,
such as Jatropha, algae and cyanobacteria

More wedges needed, we need to
encourage more innovation

Fund science for mitigation and adaptation
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i

James Hansen

Looking forward to
his new book
Sophie’s planet
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Summary

We are in deep shit
But we have the means to get out of it

.... If we act fast and use the best
science and technology available

.... and if we invest in science and
technology for even better solutions



Amardeo Sarma

'URE OF CLIMATE AND
ENERGY

From Science Denial to
Solutions




