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Critics blame politics, 1deology, and environmental

1dealism. The reality: greed, corruption, and scandal.

Howard Neilson-Sewell, a Canadian nuclear industry veteran and advisor to the
Barakah project. “South Korea was right on the cusp of taking over the world market.”
Not anymore.

MIT
Technology
Review

Climate Change

How greed and corruption
blew up South Korea’s
nuclear industry

Seoul had a solution to the world’'s energy problems. Then
everything went wrong.
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Civilization Ignited by Fire

(Energy Technology)
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The Fire that ignited civilization, the gift from Prometh

view » discuss « edit

Homo sapiens —Modern humans
Neanderthal —Earliest clothes

—Earliest cooking

N =M —"0

Homo erectus ) )
—Earliest fire use

—Earliest exit

- from Africa

—Earliest stone
tools

“"Earliest bipedal

S —Possibly bipedal

—Earlier apes

Axis scale: millions of years.

Also see: Life timeline and Nature timeline
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The Bigger Brains and Beyond

» Fire: the first General
Purpose Technology (GPT)

» The Most Significant
Application of Fire: Cooking

Broaden food bases
dramatically — global
presence

Cooked food made

omnivores & bigger brains
(thinking animals)
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Advantages of Cooking

A FoE W

(et stuffed

Cooked food is easler to digest and extract calories from, which was probably an important factor in
human evolution after our ancestors invented cooking about a million years ago.

Potato Green banana Egg Wheat Qats
- RAW COOKED ~ RAW COOKED ~ RAW COOKED ~ RAW COOKED ~ RAW COOKED
Digestibil 98% 9%
OB | e U "% %%

% 75%

60% 65%
40% 7%

2%

DIGESTIBLE
20%
0%
GRAPHIC: ENNIFER DANIEL

Pea Barley
RAN COOKED RN COOKED
/9;%
9% %
80%

o

Time Spent Feeding (Log,.(%/100-%))

-0.41
(median)
-0.56

(25%)

-0.83 -

(10%)

-1.14

(min)

FAddEe AT ] AAAZE
A2t 48%E S48 W=0 AHE5t] U= BHH 21242 4.7%
Posterior Model (mean, SD) . .
a (intercept) =-0.63 0.09 " .
B (slope) = 0.24 0.06 i e ° Pan
| R'= 0.19 0.05 x % o [lroglodytes
°
= e %0 0
- ®gemg %
u (] o’
a n
w ]
: . ” ,
M iy m
]
.l
a
L
a
Homo sapiens
[
093 026 048 o8 11 181 2.1
(min) (10%)  (25%) (median) (75%)  (90%) (max)
Log,, Mass (g)

KAIST %%

~ - (0).L(GE OF BUSINESS




Bigger Brains
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Version 1 of Wealth System

Techno-Physio-Social Co-Evolution in Hunter-
gathering

Technology: Fire
Physiology (Body): Bigger brain

Social Systems:

Global Presence (Economic System)
From “Male and Female” to “Husband and Wife”
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Energy and Industrial Revolution

Year 1750BC 1800 1880s Today Near Future
(Babylon)

Light Sesame Ol Tallow candle Kerosene Incandescent Compact
Iamp Iamp light bulb fluorescent bulb
Light Intensity 24 186 4,400 531,000 84,000,000 84,000,000
(lumen)
Price of Hourly 50 Hours 6 Hours |5 Minutes 8 Seconds 0.5 Second Less than
Light (Hrs work) 0.1 Second
“ea?et
sord ©
0
00900
1.8
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Revolutions in The Big History of Mankind

Cropome Project
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From Industry 1.0 to Industry 4.0

First
Industrial
Revolution

based on the introduction
of mechanical production
equipment driven by
water and steam power

First conveyor
First mechanical loom, 1784 belt, Cincinnati

Second Third
Industrial Industrial
Revolution

based on mass production
achieved by division of
labor concept and the use
of electrical energy

slaughterhouse, 1870

12000 "oy

Source: DFKI
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Singularity or Tipping Point?

Health of
. . Health of . ;
[RRCRRON £ economy or Stresses from climate
NELS RN - ) » i
CCORYSten ecosystem change, pollution,
and deforestation
Original push on system
good
equilibrium
(a) (b)
T T
Health of
Health of economy or
cconomy or CCOSVSIem
ecosystem Further stresses push
System past tipwng point,
and system rushes to new
bad equilibrium
(c) (d}
System ends in locally stable
“bad cquilibrium™
T T

Figure 11. Tipping points: moving from a good to a bad equilibrium. The double-bottomed bowl
illustrates how stresses can change a system slowly until a tipping point is reached, after which
there are rapid and potentially catastrophic changes. Note that there are two equilibria—a good

equilibrium in (a), and a bad equilibrium in (d).
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Hysterical Environmentalist Claims in Modern History

1. Population Bomb to Cause Global Famine

2. Climate Changes will wipe out Entire Nations (by
1975)

Ice Caps Will Melt Away
Natural Resources Depletion
The Coming Ice Age

Air Pollution

Water Shortage

Chemicals

e A

Nuclear Disasters
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Very Apocalypse Now (1970)

» "We have about five more years at the
outside to do something," ecologist
Kenneth Watt

» Harvard biologist George Wald
estimated that "civilization will end
within 15 or 30 years unless

@lj 9 Nem ﬂﬂfk @meﬁ immediate action is taken against
problems facing mankind."

» "We are in an environmental crisis
which threatens the survival of this
nation, and of the world as a suitable
place of human habitation," wrote
Washington University biologist Barry
Commoner

» New York Times editorial page warned,
"Man must stop pollution and
conserve his resources, not merely to
enhance existence but to save the race
from intolerable deterioration and
possible extinction."

Wy e e T NEW YORK. THURSDAV. APRIL, 1876

Hmns _]om Earth Day Observances Acmss the Nation
Smenio : it
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UNITED NATIONS — A senior U.N. environmental official says entire nations could
be wiped off the face of the Earth by rising sea levels if the global warming trend
is not reversed by the year 2000.

Coastal flooding and crop failures would create an exodus of “eco-refugees,”
threatening political chaos, said Noel Brown, director of the New York office of the
U.N. Environment Program, or UNEP.

He said governments have a 10-year window of opportunity to solve the
greenhouse effect before it goes beyond human control.

As the warming melts polar icecaps, ocean levels will rise by up to three feet, enough
to cover the Maldives and other flat 1sland nations, Brown told the Associated Press in
an interview on Wednesday.

Coastal regions will be inundated; one-sixth of Bangladesh could be flooded,
displacing a fourth of its 90 million people. A fifth of Egypt’s arable land in the Nile
Delta would be flooded, cutting off its food supply, according to a joint UNEP and U.S.
Environmental Protection Agency study. . . .

18 KAIST %
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Al Gore warning 1n 2008 that the entire Arctic polar ice cap
“may well be completely gone in five years,”

Alexandria Ocasi1o-Cortez asserting in January, 2019 that
“the world 1s going to end 1n 12 years i1f we don’t address
climate change,”

KAIST



4.6 metric tons of carbon dioxide per year—
emissions from a typical gasoline-powered
passenger vehicle

—March 2018, US Environmental Protection Agency

20
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e Al Gore said at a conference in
PETER WADHAMS 2009 that a scientist predicted a
“75 percent chance that the
A entire polar ice cap during
some of the summer months

FAREWE L L [
e “A Farewell to Ice,” Peter

T 0 I c E Wadhams, predicted that polar

ice 1n the Arctic would be gone

A REPORT FROM THE ARCTIC by mid-decade.

e Between 2012 and 2016, Arctic
ice increased from an average
of 2.2 million square miles to
3.3 million square
miles, according to The
Telegraph.
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Difference in environmental scores by party
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A new quasi-religious cult
» Declaration: We, the

undersigned, declare our
decision not to bear children
due to the severity of the
ecological crisis and the
current inaction of governing
forces 1n the face if this
existential threat.

Insecurity of future, despair
at our species’ relationship to
our habitat and each other,
channelling time 1nto
activism and rebellion, are
all common motivations.

LI bithstikeE 222
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International
I e edition v he school strike for climate movement
di

Think we should be at school? Today's
climate strike is the biggest lesson of all
Opinion Climate change

We are among the young people striking against climate change

Endlng Chmate Change quuu’es the end Of in every corner of the globe - adults should join us too

Greta Thunberg, Anna Taylor and others
Fri 15 Mar 2019 06.00 GMT

capitalism. Have we got the stomach forit? <
Phil McDuff

<
8520

Policy tweaks won' doit, we need to throw the kitchen sink at

this with a total rethink of our relationship to ownership, work

and capital

¥ @Mc Heckin Duff ]
Mon 18 Mar 2019 12.09 GMT

d KAIST 2010



An Extreme Proposal

Green New Deal

Annual Total Economic Costs

$491 Billion Annually
Total Electricity Mandate Costs

ot
KR

n Annually
i

35

on Annually
Backup Generation

Renewable electric systems require con
Sneration to maintain the

ional backup
v of the clectric grid

$31 Billion Annually
Backup Emissions Costs

Lo e
AR
et

1

The
1and

on Annually
ssion Costs

and

Green New Deal’s Social Agenda Costs

Almost $4 Trillion
Forging a Green New Deal
< Cost:

$3.2 Trillion Annually
Single-Pa:

ually
Y HiohSpeed Rail

+
$4.5 Trillion
of Tax

Annual Costs Almost
$9 Trillion

Te /

o/spotlight/g

The Green New Deal:

Economics and Policy Analytics

Author:
Benjamin Zycher

GND Policy Cost Total Cost
Renewable Electricity Mandate 490

New Renewable Power Capacity 357

Backup Capacity, Generation 76.9

Emissions from Backup Generation 30.8

Transmission 18

Land 7.8
Budget Cost of Forging a GND Political Coalition 4,000
Excess Burden of the Tax System 4,460
Annual Total 8,950

28




Global Warming as evolution
not pollus1on

o17Fe  “stop” , “restrict,

reverse, prevent regulate,

constrain ¢ WA (Ab3]59),
Arlelo] Ea)

“preserving nature”

preserve, conserve cle
and water (73 A7l 2o

an air
HEShH)

» Economic growth is a cause not
solution to ecological crisis.

Environmentaliss have long misun-
derstood, downplayed,or ignored the

conditions or their owmexistence, They

29
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a utopian world on earth full
of meal and pleasures

Waking up in the Land of Cockaigne (1567, Pieter Breugul)

KAIST 7%
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The Left and Environmentalism —
Enemies of Civilization

Until about the 1960s the political left
never cared about environmentalism.
Previously it was, if anything, more
likely to be opposed to it. In fact, the
command economies of the former
communist bloc, 1.e. the countries in
which socialism had been realized to
its full extent, were the worst
polluters 1n all of human history. As
an example, after German
reunification

than
in West Germany.

32
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»  This makes it quire ironic that environmentalism
and the Left have found each other in the West,
but the lefties evidently realized that concerns
about the environment could be used to promote
their anti-capitalist agenda. The merger deepened
after the former sugar daddy of Western Marxists
in Moscow suddenly expired. To their horror,
even China decided that crony capitalism was to
be preferred over Marxism, although it did of
course retain many of the central planning
features beloved by the authoritarian left.

»  Authoritarian is the key term here. We are
certainly not saying one should not care about the
environment, but as the experience of real
socialism so vividly demonstrates, nothing is
more likely to preserve a livable environment
than strong property rights — which are the very
thing constantly under attack by the left. Idealistic
leftists — those Lenin referred to as “useful idiots”
— are merely economically ignorant. As Friedrich
Hayek once said: “If socialists understood
economics they wouldn t be socialists .

M | | S——

Exploitation is the key to socialists and
environmentalists

The basic error of socialists is to regard the economy
as static, as providing an unchanging “fixed pie”.
They wrongly think that people can only become rich
by exploitation, that their existence automatically
implies that there must be a vast class of losers who
continue to become ever more poor. Thus, the main
task of politics is to “fairly distribute” this fixed pie.
There are of course notable exceptions to this fairness
doctrine, namely the ruling comrades at the top and
their cronies. One must of course understand that
enormous responsibilities are weighing on them once
they have attained power; it follows that they will
deserve a larger share of the pie (sorry, we forgot that
they are all angels and will of course resist abusing
their power to their own advantage).

»  We regard the unholy alliance of Marxism and

GI"CCIlb (d K d. I%h@ﬁgl%b{]ab t‘ITHt“ Ol
civilization and humanity 1%)5&{}%%

o
W
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Marxist B o = Bnvi I

It shows how Marxism can
help ecological economics
fulfill 1its commitments to
methodological pluralism,

inter-disciplinarity, and
ECONOMICS

S e b7 openness to new visions of

e Paal Burketn e

structural economic change
that confront the current
biospheric crisis.
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Economics and
Environmentalism Belief
Systems at Odds

F ROBERT H. NELSON

¢ Economics and environmentalism
are belief systems that shape their
adherents’ way of thinking about the
world. We might just as accurately
characterize them as secular religions.

¢ [ find little disagreement with the idea
that environmentalism is a religion—
to most economists, the claim seems
fairly obvious. Environmentalists often
react similarly, but the other way
around: economics, for most
environmentalists, is a religion.
Neither group, however, is
comfortable with the characterization
of their own thinking as religious

KAIST



The
Economist

Topics v Current edition More v Subscribe 2 Welcome v

Out of left field
Millennial socialists want to shake up the

economy and save the climate

Do they make sense?

36



» The slogan was well received, as
growing numbers of
environmental activists recognize
that only fundamental social and
economic changes can solve the
deepening global ecological crisis.

KARL MARX, RADICAL .

ENVIRONMENTALIST » But what kinds of changes are
needed and what strategies can
win them?

In his book Marx's Ecology, published in 2000, Foster shows that ecological
ideas were central to Marx and Engels' materialist outlook from the early

is0s. » - What I want to argue here is that
activists have much to gain by
engaging with the ecological
critique of capitalism first
developed by Karl Marx and
Frederick Engels in the 19th

century.
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Marx was an environmentalist as was Engels

In his 1844 Economic and
Philosophical Manuscripts, Marx
wrote:

Man lives on nature--means that
nature 1s his body, with which he
must remain in continuous
interchange if he is not to die. That
man's physical and spiritual life is
linked to nature means simply that
nature 1s linked to itself, for man is a
part of nature.

Both Marx and Engels point out in
their later writings that capitalism
disrupts the link between humans and
the rest of the natural world, to the
detriment of both.

It 1s not the unity of living and active
humanity with the natural, inorganic
conditions of their metabolic exchange
with nature, and hence their
appropriation of nature, which requires
explanation or 1s the result of a historic
process, but rather

the separation between these inorganic
conditions of human existence and this
active existence, a separation which is
completely posited only in the relation of
wage labor and capital. — Capital
(Grundrisse)

38
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Green 1s not Green
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Misleading Marketing, Green is not Green

Articles Books ents FE
FEE FOUNDATION for
ECONOMIC EDUCATION Econom ics  Politics  Culture

Electric Cars Aren't
Nearly as Green as
People Think

Next time you see an electric car or a charging station, keep in
mind the emissions involved in producing the battery and the
electricity used to keep it running.

Christoph Buchal, Hans-Dieter
Karl, and Hans-Werner Sinn, For
a Tesla battery of 75 kWh,
between 23 thousand and 32
thousand pounds of carbon
emissions per battery
Comparative Environmental
Life Cycle Assessment of
Conventional and Electric
Vehicles (Yale University)

It 1s counterproductive to
promote EVs in regions where
electricity 1s produced from oil,
coal, and lignite combustion.
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Need 450 times more land for solar than for nuclear

e
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Materials throughput by type of energy source

18000

B Cement | Concrete
Glass [l Steel
[ Other

67
13500

9000 542.3 tons
iron + steel 8

4500

Mass of Materials (tonnes/TWh)

Wind Coal Natural gas

Solar PV Hydro Wind Geothermal Nuclear

Energy Source

h Opportunities,” Teble 10. September 2015,
and 1 tonne/TWh of other materials, fespectively, but
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9,674 views | Mar 6, 2019, 03:52am

Google DeepMind's
Talks With National Grid
Are Over

;= Sam Shead contributor ®
g Al & Big Data
‘ I cover artificial intelligence and Google DeepMind.

Electricity pylons in England, UK, running through the forest. Taken straight

on, perpendicular eeTTY
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Solar and Wind Electricity Production (daily average)

- Wind
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All Electricity Production (monthly average)
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Sources: European Energy Exchange Transparency Platform Data

(2013); Federal Statistical Office of Germany

Sources: European Energy Exchange Transparency Platform Data
(2013); Federal Statistical Office of Germany
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Forget Eagle Deaths, Wind
! Turbines Kill Humans

3! samesconca

Netherlands, 2013

Wind turbines kill more
people per unit of
energy than nuclear.

ca, crge! Eagle De(hs,‘
FOTDES, September 29, 2013

DAILY SCIENCE

Wind energy is tough on bats
—but it doesn’t have to be
that way

by Brandon Keim | Mar 15,2017

KAIST 7




‘Everybody knows that
translocation [of desert
tortoises] doesn't work.
When you're walking in
front of a bulldozer,
crying, and moving

animals and cacti out of
the way, Its hard to
think that the project is
agood idea.” —
Anonymous biologist
Peter Laufer, “The Tortoise is Collateral Damage in the , ,
JAQ] ,,“. ; ﬂ ” 1& 201 4 Subtitles/closed captions (c)
> 62 KAIST %%
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70 180
World biofuels production Food price index
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Europe’s renewable energy policy
is built on burning American trees

Biomass energy is inadvertently making the climate crisis worse.
By Saul Elbein | Mar 4, 2019, 7:20am EST

Sources: index mundi Commodity Food Price Index, 2014; BP, Sta-

tistical Review of World Energy 2013, Historical data workbook

Graphics: Javier Zartacina. This story was supported by the Pulitzer Center
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Various CO2-free Hydrogen Supply Chain

(global and domestic) S A FISITA 2016

Evaluation of various CO2-free hydrogen chain (2014.3/31 IAE, Japan) - -
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Do We Really Have a Decade Left to Solve Climate Change?

MISESINSTITUTE

AUSTRIAN ECONOMICS, FREEDOM, AND PEACE

BLOG MISESWIRE LIBRARY MEDIA VIDEO LEARNONLINE EVEN

V'l  MISES WIRE

GET NEWS AND ARTICLES
IN YOUR INBOX

Home | Wire | Do We Really Have a Decade Left to Sol...

Do We Really Have a Decade Left to Solve Climate
Change?

TAGS Big Government, The Environment, Interventionism

05/17/2019 « Robert P. Murphy

Wise alecks on social media noted with

amusement how Beto O’Rourke recently

claimed humans had only ten years to act

E " D on climate change, thus one-upping
IS NEAR

53 COMMENTS

Alexandria Ocasio-Cortez who had
previously gone out on a limb by putting

the deadline at twelve years. Snark aside, it's

66
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Only Cost Increases if delay mitigation efforts

» Beto O’Rourke,
humans had

Increase in mid- and long-term mitigation costs due to
delayed additional mitigation up to 2030
Only ten ye ars tO act On [% increase in mitigation costs relative
. to immediate mitigation]
Cllmate Change R 2100 Concentration <55 GtCOzeq >55 GtCOzeq
(ppm CO2-eq) 2030-2050 2050-2100 | 2030-2050 | 2050-2100
» Alexandria Ocasio-Cortez, | . .o | we | e | sn | o
T (14 -50) (5-59) (2-78) (16 -82)
deadline at twelve years sooppm (s50.530) | 0 |
[N: 34) [N:29]
» There 1s no such claimin 550ppm (530-580) 3% 4% 15% 16%
“ . <60-650 (-5-16) (4-11) (3-32) (5 - 24)
. E ppm
[PCC Report: “If we wait 19 v: 10

until 2030 to begin

mitigation efforts, we will
all die.”

SOURCE: Adapted from IPCC AR5, Working Group lll, Summary for Policymakers, Table SPM.2
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e 25 Target is not
scientific

e 9037 0.06% A A=
21004 gFaf o] 4.8% A 4d
FRo FN B2 H &

2100
Concentration 2030 2050 2100 oo B
oncors e ® 2-4% GDP %2 £77]
701.0-3. =
sowo-aso) | MUE | @isa | SR, of] }\:| A= A=
500 (480-530) "7[‘,:':';]2"’ 270542 | ::0.5)
550 (530-580) °'°l":’;i;]"3’ 17012-33) | 38(1.2-73)
580-650 °'f,j?;2f’ 13(05-20) | 23(1.2-4.4)
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Chernobyl Nuclear Disaster

Estimated number of deaths from the Chernobyl nuclear disaster TG

Estimated total number of deaths as a result of the Chernobyl nuclear incident in Ukraine (1986), reported across a range of

published estimates. All estimates, with the exception of WHO (2005a) direct fatalities at the nuclear facility; deaths in
proximate areas who died as a result of high radiation exposure; and long-term deaths from low radiation exposure. The
estimate of WHO (2005a) does not include potential deaths from low-level exposure in populations further from the nuclear site. } emo y -1—

60,000

60,000 x e
AH =20 oot ye=
re) =
40,000 ArDoFOEF 712; ml:‘ 64
20,000 | % A r DOF
0 WHO (2005a) WHO (2005b) Cardis et al. (2006)  Fairlie & Sumner (@)  Fairlie & Sumner (b)

Source: Deaths from Chernobyl (Estimates)
OurWorldinData.org * CC BY-SA
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The Reason They Fictionalize Nuclear
Disasters Like Chernobyl Is Because They
Kill So Few People, ,
Forbes, 2019.5.9

® (BS “Madame Secretary” — Pro-nuclear episode
(May 2018)

Anti-Nuclear Movies

o (US -1979)
® (Germany - 2006)

® (South Korea - 2016)
® Why?

“nuclear accidents remind us of nuclear
bombs and our vulnerability to them”

® “With hindsight, we can say the evacuation
was a mistake,” Philip Thomas, a
professor of risk management who led a
recent research project on nuclear
accidents. “We would have recommended
that nobody be evacuated.”

HBO “Chernobyl” vs Chernobyl

ZUE S WALS J_} 2

gio| 2 At
(M" 9_1’5! = 30)

1982 sty S CHE 0|7 2 ALY

of thyroid cancer
in those aged under 18 at the time of the
accident, and the UN’s most recent
from 2017 concludes that only 25%,
1.e. 5,000, can be attributed to Chernobyl
radiation

Hydroelectric dam in China, killed
between and
Bhopal chemical disaster

. The
15,000.

Britain’s Grenfell tower caught fire in
2017, died. During the Twin
Towers fires caused by the September 11,
2001 terrorist attacks, 343 firefighters died.
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Politics of Environmental Issues

group 1 group 2

provides them with the things they most want

m»  Ideology

money &
headlines
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» Warren Meyer “a poster of Joh
o Bt g i el n D. Rockefeller should be on t
e e he wall of every Greenpeace of
fice”
X F3h8to] me & T3

» 1950 el H ™ Aol &= 10
RATIONAL feet 3m)2| HF o & 7153

OPTIMIST sl

» Thomas Watson, IBM’s
founder — A A A HAFEH +8
=5t A=

» Ken Olson, Digital Equipment
Corporation, in 1977 “There 1s
no reason anyone would want a
computer in their home™

I'HE

HOW PROSPERITY EVOLVES

gy RN b _lf
MATT RIDLEY
- - i a4
WNEw FORE Fidid SERVELLLING AUTHOR OF CENOWMIT
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Thomas Sowell: Prophets of Doom

Global Warming 1s almost never-
ending series of Crusades
Manufactured by Intellectuals.

Intellectuals
Talks goes for Money. and

Society

' L ! Revised and enlarged editi
The most basic question is not what is best, ESSwee—

but who shall decide what is best.

Thomas Sowell

Thomas Sowell
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97%2] Z2F, No “Dangerous”

» John Cook (2013)

¢« 9‘ 7(7 OI 7 Xe) 7 I ST Zl — I HGIHCM}HM
} 0 ] | | =<

= A =2dste] 240 S
o} olzko] = oh(main) - percentof sentstsegre:

fololgt= Aol & ¢(limate change i real, man-made and

e dangerous, Read more; OFA.BO/gJsdFy
» Economist David "

Friedman . ;51 1. G%tﬂ. Ry L9 Retves *‘Favonte " o
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- “Cook survey included 10 of my 122 eligible
papers. 5/10 were rated incorrectly. 4/5 were
rated as endorse rather than neutral.”

—Dr. Richard Tol3*

- “That is not an accurate representation of my
paper..."

—Dr. Craig Idso®8

- “Nope...itis not an accurate representation.”

—Dr. Nir Shaviv??

- “Cook et al. (2013) is based on a strawman
argument...”

—Dr. Nicola Scafetta®®
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The Skeptical Environmentalists

CLIMATE
CHANGE

THE FACTS 2017

EDITED BY
JENNIFER MAROHASY

CONTRIBUTORS
John Abbot Sallie Baliunas Simon Breheny Bob Carter
Paul Driessen Tony Heller CraigIdso Clive James
Bjorn Lomborg Jennifer Marohasy Pat Michaels
John Nicol Jo Nova lan Plimer Tom Quirk Peter Ridd
Matt Ridley Ken Ring Nicola Scafetta Willie Soon
Roy Spencer Jaco Vlok Anthony Watts

Institute of Public Affairs

a brilliant and powerful book”
\1 itt Ri (”(?
author of Genonze

envuronmentallst

Measuring the Reat State of the Woild "

,~A'>v$ s -

7 ﬁ“‘f

Bjgrn Lomborg
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CO2 Concentration (ppm)

Renewable energy growth falters as carbon

dioxide hits record levels
@Emc C.EVARTS  MAY 17,2019  ®7 . Viea Gallery

. |

CARBON DIOXIDE CONCENTRATION AT MAUNA LOA OBSERVATORY

Global renewable net capacity additions
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Carbon Dioxide in the Atmosphere Hits Record High Monthly Average 0
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Latest CO2 reading 4 1 5 1 9 pp
May 17,2019 . m Capacity additions by technology
Ice-core data before 1958. Mauna Loa data after 1958.
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Sources: Met Office Hadley Centre HadCRUT4 dataset; Etheridge et al. (1998); Keeling et al. (2001); MacFarling Meure et al. (2006);
Merged Ice-Core Record Data, Scripps Institutions of Oceanography

s KAIST



AZL oAt ATt

{Jr

Ik
m

URAL GAS

ol Com
)y

CONMITTEOTO.
L S

ﬁEfl_.E

X
LA
o W

1| o/

B o
CURSey

A

KAIST 5909l

79




3
=
S
VU
=
V
=
V
S
o




Global Energy Consumption

L Natural gas

Global primary energy consumption ik , ‘
Clobal primary energy consumption, meesured in terawatt-hours (TWh) per year. Here ‘other renewables' are . Global fossil fuel COﬂSUI’T'IptIOﬂ
renewable technologies not including sofar, wind, hydropower and traditional biofuels. Global primary energy consumption by fossil fuel source, measured in terawatt-hours (TWh),
Other
T renewables

140000 TV / lwmd 120000 TWh

Al Nuclear Natural gas

i Hydropower

Ll 100,000 TWh
100,000 TWh
80,000 TWh
/ Crude oll
80,000 TWh — Cueal =
/ 60,000 TWh
60,000 TWh
40,000 TWh
40,000 TWh
— Coal 20,000 TWh Coal
20,000 TWh
- 0 TWh
— 1800 1850 1900 1950 2000 2017
0 TWh ; ; G , ; e
1800 1850 1900 1950 2000 2017 git:\ﬁgrl:;';c[ljaa\;astrjr:yff}(::"?)m E;:r‘géglgzsltms‘ Global and National Perspective & BP Statistical Review of World Energy
Source: Vaclav Smil (2017) and BP Staistical Review of World Energy CCBY
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i Our World
GDP per capita
Real GDP per capita is measured using US$, inflation adjusted at prices of 2011. A single benchmark in 2011
makes these series suitable for studying the growth of incomes over time (but not for comparing income levels

between countries over time).
—— United States

$50,000
$40.000 —— Austria
—— United Kingdom
[ TL— France
— South Korea
$30,000
$20,000 —— Argentina
$10,000 —— Indonesia
$0
1 500 1000 1500 2016
Source: Maddison Project Database (2018) CCBY
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Average height of men by year of birth Our World

in Data

Metherlands

German
180 cm ¥

France

175cm

South Korea

170cm
165cm
160cm
1810 1840 1860 1880 1200 1920 1940 1960 1980
Source: University of Tuebingen: Height datahub (2015) + CCBY
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Energy resource 1s determined by technology

Reserves vs. resources: What turns resources into reserves? FHq

Onee discovered, natural ‘resources’ are defined s ‘reserves’ f they are determined to be economicully recoverable.
Thie potential expransion of the ‘reserves” category i shavn 1o represent the dynamic natuee of mineral resoures extraction; economie ind technglogical
develipments may allow for previously unknawm or economielly unvisble resonrees to be extracted.

Oil Reserves
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J
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3 w1750
8 o
8 =
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< Degree of certainty in resource
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Cleaner Air and Water
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% of global population
with sanitation
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More Fossil Fuels, Fewer Climate-Related Dealths
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Sources: Boden, Marland, Andres (2013); Etheridge et al. (1998); Keeling et al. (2001); MacFarling Meure et al. (2006);
Merged Ice-Core Record Data, Scripps Institution of Oceanography; EM-DAT International Disaster Database
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Cleaner Environment - O1l Spills

Number of oil spills from tankers worldwide, 1970-2016

The bars show the number of oil spills per year. Smaller oil spills (7-700 Tonnes) in blue l and large oil spills (>700 Tonnes) in organge M.

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

120
110
100

90

~
o

Number of oil spills
N w B (&) D
o & o o o

—
o o

Data source: International Tanker Owners Pollution Federation (ITOPF) for the number of oil spills. United Nations Conference on Trade and Development (UNCTAD) for trade data.
The interactive data visualization is available at OurWorldinData.org. There you find the raw data and more visualizations on this topic. Licensed under CC-BY-SA by the author Max Roser.

Quantity of oil spilled from tankers worldwide, 1970—2016

600,000
550,000
500,000
450,000
400,000
350,000
300,000
250,000

200,000

Quantity of oil spilt per year (in tonnes)

150,000
100,000

50,000
0

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Data source: International Tanker Owners Pollution Federation (ITOPF) for the number of oil spills. United Nations Conference on Trade and Development (UNCTAD) for trade data.
The interactive data visualization is available at 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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Less Fertilizers

Fertilizer application rates over the long-run
Average fertilizer application rates for select countries over the long-run, measured in kilograms of nutrient per
hectare of arable land.

600 kg/ha

500 kg/ha

400 kg/ha South Karsa
300 kg/ha .
T United Kingdom
 Netherlands
200 kgtha Japan
—— Germany
9 Spain
: 7[ United States
100 kglha "| Italy
— Denmark

0 kglha e .
1880 1900 1920 1940 1860 1980 2000 2014

Source: World Bank and Federico (2008) OurWorldinData. orgffertllizer-and-pesticides! « CC BY

Pesticide breakdown by type, South Korea

Pesticide use, broken down by product type, measured in tonnes of active ingredient.

25,000 tons

20,000 tons
Other pesticides
Piz oW

15,000 tons

10,000 tons

— Insecticides

5,000 tons

Herbicides

0 tons
1995 2000 2005 2010 2014

Bource: UN Food and Agricultural Organization (FAOQ) QurWorldInData.orgffertllizer-and-pesticides! « CC BY
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No fish are not endangered

Capture fisheries vs. aquaculture (farmed fish) production, World

Annual production of seafood from wild-catch fisheries and aquaculture (farmed seafood) practices, measured in
metric tonnes per year. Data is inclusive of all aquatic species, including aquatic animals and plants.

Aquaculture
100 million

Capture fisheries
80 million
60 million
40 million

20 million

0
1960 1970 1980 1990 2000 2010 2015

Source: World Bank- World Development Indicators OurWorldInData.org/meat-and-seafood-production-consumption/ + CC BY
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MASLOW'S HIERARCHY OF NEEDS

actualization Achieving one's fll potential

Feeling of Accomplishment
Intimate Relationships, Friends

-+ Security

Physiological Food, Water, Rest
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Consumption per capata (2005 §)
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S5 trillion

estimated cost to major US public pension
funds of divesting shares in fossil fuel
companies over 50 years

Source: Compass Lexecon C A P X
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Impact of Divestment on NYC Pension Funds

$98
$120

Over 50-year
timeframe:
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Costs and Benefits to Whom?
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(2) B] &3} sele] =47} 2= Prisoner’s Dilemma

Share of global cumulative CO: emissions

Each country or region's share of cumulative global carbon dioxide (CO-) emissions. Cumulative emissions are
calculated as the sum of annuals emissions from 1751 to a given year.

80%
60%
40%
—— United States
20% —— EU-28
—— China
/ — United Kingdom
- — India
0% i ———— — ~ South Korea
1751 1800 1850 1900 1950 2015
Source: Our World in Data based on Global Carbon Project (GCP) CC BY
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Figure 18.2 Climate-model projections of atmospheric temperature change
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Projections for different atmospheric heights and latitudes as depicted in Santer et al. (1996).

Source: reprinted by permission from Nature Publishing Group — Santer, BD et al., ‘A search
for human influences on the thermal structure of the atmosphere’, Nazure, vol. 382, pp. 39-46,
copyright 1996.

Figure 18.3 Observed atmospheric temperature trends
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social cost of carbon

CSCC (US$ per tCO,)
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Figure 44. The temporal trade-off in climate-change policies. The bars show net benefits (equal to
damages plus abatement costs, all discounted at market interest rates) for country groups for two
time periods. The left solid bars are the net benefits for the first half century, while the light shaded
bars are the net benefits for the balance of the period through 2200.
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Can we predict these precisely?

Global GHG abatement cost curve beyond business-as-usual — 2030

Abatement cost

Global greenhouse gas abatement cost curve

é

Gas plant CCS retrofit -
Coal CCS retrofit

€ pertCOe Iron and steel CCS new build
60 Low penetration wind —— Coal CCS new build
) _ ) Cars plug-in hybrid Power plant biomass |
50 I — Residential electronics Degraded forest reforestation . " co-ﬁnng F
40 || Residential appliances Niiclaar agrict?itt’l.:%ecc;mz::;;g
Retrofit residential HVAC Pastureland afforestation High penetration wind
M Tillage and residue mgmt Degraded land restoration Solar PV
20 | Insulation retrofit (residential) 2™ ger‘\eraﬁon bif)fuels 3 Solar CSP
.| Cars full hybrid g eiceey | [
[ [- Waste recycling
0 T 9 - i

10 15 \\ \. 20 .2 30 35 38

-10 Organic soil restoration
Geothermal Abatement potential
-20 Grassland management GtCO,e per year
.30 Reduced pastureland conversion
Reduced slash and burn agriculture conversion
-40 Small hydro
— 15! generation biofuels
-50 :
L Rice management
-60 — Efficiency improvements other industry
I-' — Electricity from landfill gas
-70 - Clinker substitution by fly ash
80 Cropland nutrient management
- Motor systems efficiency
-90 L Insulation retrofit (commercial)
VLLighﬁng — switch incandescent to LED (residential)

-100

Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below €60 per tCO.e if each
lever was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play.
Source: Global GHG Abatement Cost Curve v2.0
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Global greenhouse gas abatement potential”
Major categories of abatement opportunities

Global GHG emissions
GtCO.e per year

70 - 70

Business-as-usual

G Energy efficiency )
y

60 -

X

Technical
Low carbon measures
= energy supply > < €60ItCO,e
(Focus of
the study)

40

Terrestrial carbon
e (forestry, agriculture) )

Technical measures

30
€60-100 per tCO.e
o Behavior changes*
20 23
10
0 1 1 1 1 ]
2005 10 15 20 25 2030

* The estimate of behavioral change abatement potential was made after implementation of all technical levers;
the potential would be higher if modeled before implementation of the technical levers.
Source: Global GHG Abatement Cost Curve v2.0; Houghton; IEA; US EPA
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How big US$20 trillion?

I
9

EDITORIAL - 23 MAY 2018

Curbing global warming could save USS20 trillion

An updated estimate of the economic damage of climate change makes a strong

financial case for urgent action on greenhouse-gas emissions.

}o PDF version

RELATED ARTICLES

World GDP USS$80 trillion
(2017)

GDP Growth on average
3%

GDP up to 2030 = 15*80
trillion = 1200 trillion

1.6 % of 11 years of World
GDP

2030 World GDP=120
trillion

Mitigation Cost, 16.6% of
2030 World GDP
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“All we can do 1s speculate”

Robert Pindyck, a professor of economics and finance at
MIT, says that attempts to make decisions about climate
change based on a cost-benefit analysis are doomed to
fail because both costs and benefits are uncertain. “All
we can do 1s speculate,” he says. “We don’t really know
the costs. We don’t really know the benefits.”
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(4) The Climate Change 1s not only problem we have

GOODHEALTH QUALITY GENDER
AND WELLBENG EDUCATION EQUALITY

Vﬂx UM POUTCHAMUCY  WORD  CATE KOCEAMATY 0TS Wiy f B ) A Q

ECADMCRONTH s | ACOMNATE Tl !
target seriously

Ifwe mean what we say, no more new fossil fuels, anywhere.

{‘]”J‘Iri(f’”‘]y.‘.ivl\‘h”‘w"f"‘" @droor | daoid@vaz.com Apr 29 2017, 11:20am EDT

{3 w | T | 17 e [
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DEVELOPMENT
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Environmental Kuznets Curve

Environmental dagradation
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What Environmentalist do not know

° The rel athnShlp between Extinction Rebellion block London roads in climate

protest, pictures

population growth and
abundance 1s a positive
one

- A populous world 1s a rich
world and a rich world 1s
better for the environment

Beware the anti-humanism of the
green movement

upy | @humanprogress
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" GPD per capita (PPPS)

100,000

Forest area (% of land area) Our o
Forest area is land under natural or planted stands of trees of at least 5 meters in situ, whether productive or not,
and excludes tree stands in agricultural production systems (for example, in fruit plantations and agroforestry
systems) and trees in urban parks and gardens.

inData
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Source: World Bank CCBY
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Air Pollution

Emissions of particulate matter, United Kingdom
Annual emissions of particulate matter from all human-induced sources, This is measured in terms of PMw and
PMe:.s, which denotes particulate matter less than 10 and 2.5 microns in diameter, respectively.

600,000 tonnes
500,000 tonnes
400,000 tennes
300,000 tonnes

200,000 tonnes

PMuw
100,000 tonnes PM:.s
0 tonnes
1970 1980 1990 2000 2010 2016
Source: UK DEFRA; US EPA CCBY

Air pollutant emissions, United Kingdom
Annual emissions of nitrogen oxides (NOx), non-methane volatile crganic compounds (VOCs)-and sulphur dioxide
(80:) measured in tonnes per year. This is measured across all human-induced sources.

6 million tonnes

5 million tornes

4 million tonnes

3 million tonnes

2 million tonnes

1 million tonnes Nitrogen oxides (NOx)

Volatile organic eompounds (VOCs)

Sulphur dioxide (S0:)
0 tonnes

1970 1980 1990 2000 2010 2016
Source: UK DEFRA; US EPA CCBY
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The Politics of Possibility

The Politics of Possibility

We have it in our power to begin the world over again. A
situation, similar to the present, hath not happened since
the days of Noah until now. The birth-day of a new world
1s at hand.

—THOMAS PAINE, Common Sense
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Solutions

1. Mitigation
Prohibition
Technological Solutions

2. Adaptation

Green
Growt
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Carbon Engineering

EE O signin News = Sport =~ Weather = Shop = Reel | Travel = More -~  Search Q

NEWS

Home | Video = World | Asia | UK | Business @ Tech = Science | Stories | Entertainment&Arts @ Health = World News TV | More ~

Science & Environment

Climate change: 'Magic bullet' carbon solution takes big step

By Matt McGrath
Environment correspondent

© 3 April 2019 f © ¥ [ < shae

How to turn C02 into fuel

Carbon dioxide (C02) L coz
in atmosphere/,/ - emissions
/
- e T
C02 sucked out of Fuel for
atmosphere transport
’4
e S ;
Captured . " Petrol, diesel
coz A h and jet fuel
Fuel
synthesis
Source: Carbon Engineering [BTB[C]
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Geoengineering?

5‘?5 HARVARD UNIVERSITY

SIT v The Graduate School of Arts and Sciences
GEOENGINEERING SOLUTIONS To CLIMATE CHANGE Topics v Seminars  SclencebythePint  Art v DayCon  Podcast  AboutUs v Q
Place giant
reflectors
in orbit
\ Grow b
Iron femllzatlon ' ts:zﬁtafgo;g:z - L b :
of sea PIETe DiB ' Genetically

DECEMBER 20,2017

BLOG

Solar Geoengineering: Is controlling our climate

possible?
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Advanced Small Modular Reactors

DR (SMRs)

& SIGN IN & NPR SHOP ‘W DONATE

NEWS A ARTS & LIFE J music @) SHOWS & PODCASTS Q SEARCH

SPECIAL SERIES

Environment And Energy Collaborative
Home » Reactor Technologies » Advanced Small Modular Reactors (SMRs)

° This Company Says The Future Of
Nuclear Energy Is Smaller, Cheaper And
Safer

+ PLAYLIST
May 8, 2019 - 6:02 AM ET

DOWNLOAD Heard on Weekend Edition Sunday

EMBED -
[l =FF erADY

TRANSCRIPT

Artisf ing of NuScale Power's nuclear power plant design, which would use small modular reactors.

A NuScale Pawar Reactor Ruilding
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» https://www.salon.com/2019/04/21/report-going-100-percent-
renewable-power-means-a-lot-of-dirty-mining_partner/

» CBS News: Capturing carbon, once a fringe idea, may be key
to fighting climate change.
https://www.cbsnews.com/news/capturing-carbon-once-a-
fringe-idea-may-be-key-to-fighting-climate-
change/?ftag=CNM-00-10aag7e

» Engadget: Researchers suggest 100 percent renewable energy
1sn’t very green.
https://www.engadget.com/2019/04/19/earthworks-renewable-
energy-metal-demand/
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The Great Doubling, Richard Freeman
2000-2005Y1 FZ 4 FA]5 15994 309902 F5

e The Great Doubling: The Challenge of the New Global
Labor Market, August 2006 (Harvard University)

3_‘

Obefore
W after

labor force capital/labor
in billions (before =1)

Source: Emplovment from ILO data, laborsta.ilo.org/ Millions of Economically Active
Persons, 2000 Capital-labor ratio, calculated from Penn World Tables
as described in Freeman 2003, scaled so before is 1.00.
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Evolution of Competition-Weighted Relative Unit Labor Costs, Selected Countries,
1994-2012

Chat  Table $afullscreen (slm

Urited States 0
]’4 o'll‘."l """ ' "I"o -""‘..“.
,“' l'.... "W 1
]}3 i ” ¢ \ (A1) :
” ’ [raly
A 12 s ¥
-X' .l b ; " F
H ¥ A N X United Kingdom
g 11 ) """~--..,."\X5|);-lin .
~ o / /
10 fistica i '
yo I[lIHCL . ’
- "o Uniled Sats ./
= (9 a ;
'
08
135' 0
” 7 G(’l‘ﬂ]ilﬂ}’
R AR EEEEE R
%%, % % 0 0., % ‘ - : =
Y ) ‘5 \/'--__./
"
Dustmann, C., Fitzenberger, B., Schonberg, U., & Spitz-Oener, A. (2014). From Sick W 1 = 3

Man of Europe to Economic Superstar: Germany's Resurgent Economy.
Journal of Economic Perspectives, 28(1), 167-188.
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Energy use per capita vs. GDP per capita, 2015

Annual energy use per capita, measured in kilowatt-hours per person vs. gross domestic product (GDP) per capita,

measured as 2011 international-$

100,000 kWh

@ouih Korea / slrafia

Energy use per capita

GDP per capita (2011 int-§)

Source: International Energy Agency (IEA) via The World Bank  OurWorldinData.org/energy-production-and-changing-energy-sources/ + CC BY

inData

o Agsia

South Korea

2015
Y Avis: 62,957.24

kWh

o Xihis: 3417765
+ constant 2011
internaticnal §

$100,000

)
17 el 715 74 2] W

Energy intensity of economies Guaon
Energy intensity of production, measured in kilowatt-hours per 2011 intemnational-$ of gross domestic product (kWh
per 2011 int-$ GDP),

in Data

3.5 KWh/$
3 KWhi$
25 kWhis ~— Lowincome
2 KWh/$
— South Korea
Upper middle income
1.5 KWh/S - Wor\d I
—— High income
— Lower middle income
1 KWh/$
0.5 kKWh/$
0 kWh/$
1990 1995 2000 2005 2010 2015
Source: World Bank, Sustainable Energy for All (SE4ALL) QOurWorldinData.org/energy-production-and-changing-energy-sources/ « CC BY
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Fossil fuel production aver the long-term, South Korea Fossil fuel production over the long-term, North Korea
Total fossil fuel production - differentiated by coal, cil and natural gas - by country over the long-run, measured in Total fossil fuel production - differentiated by coal, oil and natural gas - by country aver the long-run, measured in
terawatt-hour (TWh) equivalents per year. terawatt-hour (TWh) equivalents per year.

400 TWh
60 TWh Natural gas
350 TWh

50 TWh
300 TWh

Crude oil

40 TWh 250 TWh

Crude oll 200 TWh
30 TWh
150 TWh
20 TWh Goal
100 TWh
TWI
10 TWh 50 TWh
Coal

0 TWh 0 TWh
2005 2006 2008 2010 2012 2014 1986 1990 1995 2000 2005 2010 2014
Source: Coal production - The SHIFT Project, Oil production - Etemad & Luciana, Gas production - Elemad & Luciana Souree: Coal production - The SHIFT Project, Oil production - Etemad & Luciana, Gas production - Elemad & Luciana
OurWorldinData.org/fossil-fuels/ » CC BY OurWorldinData org/fossil-fuels/ « CC BY
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o Aol H7)at 7 ]%%_Fgﬂlly
Another Way Of Looking At Lee Comected Lars TR, Y
Sedol vs AlphaGo — Jacques o = -

Matteij

e Lee Sedol 20 Watts of power

e AlphaGo runs on a whopping 1920
CPUs and another 280 GPUs for
an estimated power consumption
of approximately 1 MW (200 W
per CPU and 200 W per GPU).

e That’s 50,000 times as much
power as the amount of power that
Lee Sedol’s brain uses
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e Tesla

e Toyota

e 35 20| Ql== ARM
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Drones . ~ Smart cities
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Smart home N\ . / Wearable tech
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4IR Energy Company, Tesla

M Tesla Price % Change
2.75K%
m Tesla Market Cap % Change
2.25K%
1.75K%
K1.21K%
750.0%
250.0%
—-__..-"-..ﬂ"""%-am—.ﬂ
-250%
2011 2012 2013 2014 2015 2016 2017
mwm Apr 10 2017, 4:58PM EDT. Poweredby YCHARTS
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Tesla Mystery

The Numbers Behind the 'New Big Three'

Market cap (as of April 10, 2017) Vehicle deliveries in 2016
$51.00 $50.9b

10,000,000
$44.80

I I I 76000

Trasis & Tk

Revenue in 2016 Net income/loss in 2016
$9.4b

HEEAD gyt g

$7.00

Trasis m

®00

statistaCharts  Sources; Yeharts, Company reparts

6651 000

M Tesla Revenue (TTM) % Change
1 Toyola Molor Revenue (TTM) % Change

o

012 213 2014

ﬂthyFaol

2013

2016 017 2018

s 2018 14w e Foveredty Y CHARTS
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Why so SSE’s DS business profitable?

Gross Margin %: 46.52% (As of Jun. 2018)

Samsung Electronics (trillion won)
Sales and profit by segment

Samsung poised for fourth straight record quarterly profit

10 78 (n rilions of won)
0 WM DS mmCE ~+-Sales g 1 B Overall operating profit I Operating profit for semiconductor segment
50 - 20
40 r16
30 -12
20 i -8
m llli" I IIII"IHI Il
0 I I - -0
S T et e L e e sl ae
20000000000000000000000030003000 231‘5 Lg% ?; @ oo ?} € Sy ?;
2011 2012 2013 2014 2015 2016 2017 2018
Semiconductor seqment resultfor Q1 2018 was estimated by Nikei
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Old Price over 70 Years: Can Anyone Predict This?

$180
$160

$140
$120

$100
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$20

1950 1960 1970 1980 1990 2000 2010
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Lithium

Cobalt

Graphite

Indium

Vanadium

Nickel

Silver

Neodymium |

Molybdenum

Aluminum

Copper

Manganese

(644 KT)

(1.73 KT)

173%

(138 KT) 2050
Nickel Demand by
Energy Technology

108%
(2268 KT)

¢ Storage

N L.4%

=== Hydro

2050
@ >r Demand by
Energy Technology

projected)

2050 Demand in Supplying

Technology @4

ected, Annual}

(415 KT)

5.8%
Wind

Copper is ke)
clean energy

The world will need about
the same amount of copper
in the next 25 years to
meet global demand.
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World crude oil price vs. oil consumption (1965 to 2015)

Global crude oil price, measured in 2015 US$ per barrel, versus total il consumption, measured in barrels consumed per day.

Qil prices are based on average crude oil prices as the Arabian Light series from 1965-1983 and Brent dated series from 1084-2015.
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Average cost to manufacture one pound of yarn in 2014

Labor Raw and auxiliary material Capital  Power Waste
| | | |
D Fgyot | 5 | I
ttaly B B
China i NS B
102
99 . Korea |l l
Turkey [ :
) Brazil [
g india | ==
—" 1
2004 2014 United States [
Indonesia
South Korea I -
Ty $0.50 $1.00 $1.50 $2.00 $2.50
t.#
(US=100) The New York Times | Source: International Textile Manufacturers Federation
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Death rate from air pollution per 100,000, South Korea

Age-standardized death rates (differentiated by attribution to ozone, particulates, or indoor fuel pollution) per
100,000 individuals.

35
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2 Dealh rate from

ambient
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Source: IHME, GBD 2016 OurWorldInData.org/air-pollutioni « CC BY
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Death rate from air pollution per 100,000, World

Age-standardized death rates (differentiated by attribution lo ozone, particulates, or indoar fuel pollution) per
100,000 individuals.
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"""" . TN Country milliontonnes ~ TWh Onshore  Offshore

Us, 595698 38159 74,000 14,000

Chna 560709 2395 3,000 4,600

Rusia 169600 76 120000 2300

Jpan 123036 974, 570 2,700

W hda 11672 1888 2,900 1,100

7NN Gemany G417 545.7 3200 940

0 Canada 63126 5405 78,000 21,000

UK 577.17 386 4400 6,200

YL Skoe 4983 3522 130 990

A 466,64 075 250 160

fitp:solargis.info

SalarG/S 6 2013 GeoModel Solr
Annualsum <400 600 800 1000 1200 1400 1600 18002000 2200 2400 2600 2800 3000 3200 3400 3600 3800> C02 il and E|e(.'tr|(|ty consumptlon are fOf 2005’ data are from the

Ia.sengézm; e B e Energy Information Administration (http:/ftonto.eia.doe.gov/country/index.cfm).

© Dalysum <10 15 20 25 30 35 40 45 50 65 60 65 70 75 80 85 90 95100 105>

> 139 KAIST %%

~ - ((LLEGE OF BUSINESS



Economics of Energy Shift

Matter-dense fuels Energy-dense fuels

>

Renewables Coal Oil Natural Gas Uranium

(wood, solar,
biofuels, wind)
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Carbon dioxide (CQz) emissions by sector or source, World

in Daa il Our World
Share of carban dioxide (CO:) emissions from fuel combusfion by sector or source. o EleCtr|C|ty Share by fuel Source, World \uw! Da:;(
N Electricity production (meastred as the percentage of total electricity production) by source (coal, ofl, gas, nuclear,
100% — Other sectors hydroelectric power and other renewables). Other renewables in this definition includes biomass, wind, solar,
[ Residential geothermal, and marine power.
| buldings &
public services 14
. R Manufacturing
B0% P — industres & ,
= construction Hydroelectric
80%
Nuclear
60% — Transport
60%
Natural gas
40%
0l
40%
_ Electricity and
heat production
20%
20% Coal
0%
1960 1970 1980 1990 2000 2010 2014 0%
. ‘ - 1971 1980 1990 2000 2010 2014
Source: International Energy Agency (IEA) via The World Bank OurWorldInData org/co2-and-other-greenhouse-gas-emissions « CC BY
Source: International Energy Agency (IEA) via The World Bank OurWorldInData.org * CC BY
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Nuclear energy, share of electricity production

The share of nuclear energy in the electricity mix, measured as a percentage of total electricity production.
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Source: International Energy Agency (IEA) via The World Bank CCBY
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France generates 2x more electricity from
clean energy sources than Germany.

Germany 0%

54%

Qc

ENVIRONMENTAL
PROGRES.
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German electricity prices rose 51 percent, 2006 - 2018 5 O Q_":' % % /\]— —g— 6]:' ]:'— %
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German electricity is 2x more expensive
than French electricity.

30

22.5

7.5

Average Price per Household [cnts/kWh]

a B Germany
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Electricity prices in California rose 5x more than in rest of U.S.

17

- 152 154 153
14.3
431 13.5 O US average (excluding California)

< California

cents/kilowatt-hour (kWh)
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97 96 98 9.9
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2011 2012 2013 2014 2015 2016 2017

E _ ~ Source: US Energy Information Administration, 2017.
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Why not because not economical

MIT
Technology
Review

Bloom Energy Maintains Momentum in Fuel Cell
Revenue but Losses Persist

The long-awaited takeoff of the microgrid market offers big potential for Bloom, as it struggles to break

away from the loss-making fuel cell industry.

ERIC WESOFF | MAY 07, 2019

AMERICAN PUBLIC POWER ASSOCIATION

Climate Change / Clean Energy

Global renewables growth
has stalled—and that’s
terrible news

Additions of wind, solar, hydro, and other clean energy sources have
unexpectedly flattened after two decades of reliable gains.

by James Temple May 7,2019
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Note: a) MWh: megawatt-hour
b) Alf costs are in 2016 USD. Weighted Average Cost of Capital is 7.5% for OECD and China and 10% for Rest of World
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Nuclear produced twice as much for less
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Sol $2 trillion for solar/wind = 3%
6% = Solar
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5% = Nuclear
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$1.8 trillion for nuclear
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Investment in renewable energy, by technology Our World

in Data
Global investment in renewable energy technologies, measured in USD per year. Note investment figures exclude
large-scale hydropower schemes.

® Marine Energy

® Geothermal Energy
= Small Hydropower
= Liquid Biofuels

= Biomass &

$250 billion Waste-to-Energy
= Wind Energy
~ Solar Energy
$200 billion
$150 billion |
$100 billion i '
$50 billion . I i ‘
$

0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Source: International Renewable Energy Agency (IRENA) OurWorldInData.org/energy-production-and-changing-energy-sources/ * CC BY
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EV or FCEV or Carpocalypse

Investment costs for refueling, € per refueling

7.6

~50% less

Electric-vehicle Hydrogen
fast charger refueling station
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Fossil fuel price index

Average global prices of oil, natural gas and coal, measured as an energy index where prices in 2000=100.
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Source: BP Statistical Review 2016 OurWorldInData.org/fossil-fuels « CC BY
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Figure 39. Decline in price of solar power. Prices declined sharply in the early era, reached a plateau,
and then dropped again when China entered the market with large governmental subsidies.

Valley of Death for Innovations
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Nuclear is already the safest way to make reliable electricity.

30
B Deaths from accidents
[l Deaths from air pollution
225
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Coal Petroleum Biomass Natural Gas Nuclear
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Death rates from energy production per TWh » 700 muillion dies from air
Death rates from air pollution and accidents related to energy production, measured in deaths per terawatt hours

o pollution
» @IXI242 o|0O| 1807+HY

o OH ©
Of dF= 7=

Coal

James Hansen

Oil

Biomass

0.07

Nuclear

[=}

5 10 15 20 2 30

Source: Markandya and Wilkinson (2007) QOurtWorldinData.orgfenergy-production-and-changing-energy-sources! « CC BY
Note: Figures include deaths resulting from accidents in energy production and deaths related to air pollution impacts. Deaths related to air
pollution are dominant, typically accounting for greater than 99% of the total.
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45 Years of Swiss Nuclear Waste
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