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Deep decarbonization is widely accepted as a policy goal.
‘ Understanding the true scale of the challenge is a necessary
first step to developing effective policies.
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Values before 1965 come from Vaclav Smil (2017), Energy Transitions: Global and National Perspectives. From 1965 to present, data follows the
El Statistical Review of World Energy, except for traditional biofuels which still come from Smil (2017). Following El, the replacement method
is used to express the fossil energy equivalent of renewable technologies, i.e. 1 J electrical is treated as equivalent to 2.6 J thermal. Source: @RARhode

@ University of Colorado Boulder Roger Pielke Jr. 12ul-23



Evolution of Humanity's Electricity Sources Other RE
— ﬁ Solar

100

90 Wind
e
°> 80 Nuclear
S 70
% Hydro
— 60
2
8 50 Nat. Gas
40 .
= Oil
2 30
-+
O
uij 2P Coal

10

1985 1990 1995 2000 2005 2010 2015 2020
Data from the El Statistical Review of World Energy (2023) and covers the period 1985 to 2022. Source: @RARhode

@ University of Colorado Boulder Roger Piclke Jr. 12ul-23



Global energy consumption will continue to increase
There is no doubt

Global primary energy consumption by energy source (2010-2050)
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U.S. energy consumption (1776-2022) PR
percentage of total eia

100%
90%
80% petroleum
i fossil fuel share
79% in 2022
60% in
50%
natural gas
ke wood
30% nonfossil fuel
share
20% 21% in 2022
wind
10% ' biofuels
Wjﬁf hydroelectricity
0% — all other
1776 1850 1900 1950 2020 T

% University of Colorado Boulder Roger Pielke Jr. i



Energy consumption in the United States (1776-2022) -
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Achieving net-zero carbon dioxide requires achieving net-
zero fossil fuel consumption - eliminating the unmitigated
combustion of coal, natural gas and oil. The challenge is
massive, let’s look at some numbers.

Proportion of Global Energy Consumption from Carbon-Free Sources: 1965-2022

In 2022, 18.2% of total global
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Global Fossil Fuel Consumption
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THB Global Fossil Fuel Consumption:
1965-2022 & Net-Zero Implications

500 I. Fossil fuel
consumption - oil,
coal, gas -
continues to rise

3.What is ~0.05 EJ?

* ~| nuclear power plant, or
* ~2000 x 3 MW wind turbines

400
This amount of C-free energy would
need to be deployed every day
300 starting today and continuing to
— 2050 to replace fossil fuels in order
w

to hit net zero by 2050 & in addition,
all new consumption, above this
amount, needs to be C-free

2.1n 2022, the world consumed
494.1 E) of fossil fuels. There
are 9,684 days until 2050.
Getting to net zero by 2050
requires replacing ~0.05 E)
(exajoules) every day starting

200

100 now. Source: The Honest Broker
Energy Institute 2023
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Annual

THB Annual Change in Global Energy Consumption: 2010-2022 Conumption
black = fossil fuels; green = carbon-free Change Starting in
30 Implied by g
Net-Zero 2023, to hit
2
25 050 net-zero by
2050 requires
20 20 :
an increase
I every year of
" ~22 EJ of
1o carbon-free
L L L consumption
= e - and
a decrease
every year
Since 2015, when the Paris Agreement ~18 EJ of
-10 was signed, the world has added fossil fuel
30.5 EJ of fossil fuel consumption consumption
and
.20 30.7 of carbon-free consumption
Source: The Honest Broker
Energy Institute 2023
20, - ~ - - w © ~ ® o o - ~ https://rogerpielkejr.substack.com/
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It is difficult — and | would say impossible - to make
the simple math of decarbonization work without
including a massive scale-up of nuclear power

SOBNCE TiP: LOG SCALES ARE FOR QUITTERS WHO CANT
FIND ENOUGH PAPER TOMAKE THER POINT ARERLY

Source: XKCD
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100%

Electricity Production in France 1960-2015
(Data from World Bank)
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All nuclear waste ever produced would
comfortably fit in a football stadium

Source: https://www.linkedin.com/posts/minerdeck_all-the-spent-fuel-ever-discharged-from-nuclear-activity-7056982990807035904-ORRF
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Let’s do some visual math!
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Alvin W.Vogtle Electric Generating Plant
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HOW MUCH LAND
DOES IT TAKE TO POWER A CITY OF ! MILLION?

Source: Lovering, Jessica, et al. “Land-use Intensity of Electricity *German
Production and Tomorrow'’s Energy Landscape.” Consumption Levels

July 2021. (https://doi.org/10.1371/journal.pone.0270155).
Direct and indirect impacts taken into account.

Capacity Factors (US): EIA. Analysis by volunteer engineers.
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17M acres
Additional
solar farms

250M acres
Additional wind farms

15M acres
Offshore
wind farms

Source: Bloomberg based on Princeton Net-Zero America Project
https://www.bloomberg.com/graphics/202 | -energy-land-use-economy/
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Renewable Rejection Database
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Th California’s great battle
Deep decarbonization T
will not be achieved by s

DT AT 14T 2 A life in stained glass

reducing or limiting
economic growth. In Grow g
dammit, grow!

fact, it can only happen

AN 18-PAGE SPECIAL REPORT ON THE WORLD ECONOMY
in the presence of i
growth.

It is an Iron Law.
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Where do emissions come from?

People Population P
Engage in GDP per capita GDP/P
economic activity that

Energy intensity of the TE/GDP
Uses energy from economy
Carbon emitting generation Carbon intensity of energy C/TE

Carbon emissions= C = \* GBP * ?ﬁ * C

R Gbp
The “Kaya Identity”
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What levers do we have to achieve net-zero?

People Population P
Engage in GDP per capita GDP/P
economic activity that

Energy intensity of the TE/GDP
Uses energy from economy
Carbon emitting generation Carbon intensity of energy C/TE

Carbon emissions= C = P * GDP *| TE * C

VGDP TE\

energy intensity carbon intensity
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Kaya decomposition of global emissions growth

2.2 1 :
Changes relative to 2000
2.0 - GDP
1.8 -
1.6 -
. Energy
1.4 -

;:_:W Fossil CO,

. Mﬁ COQ/Energy

1990 1995 2000 2005 2010 2015 2020
@® Global Carbon Project
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0.8
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“If there is an iron law of
climate policy, it is that when
policies focused on economic
growth confront policies focused
on emissions reductions, it is
economic growth that will win
out every time.”

WHAT SCIENTISTS and POLITICIANS WON'T TELL
YOU ABQUT GLODAL WARMING

The Climate Fix

!
O

ROGER PIELKE, JR.
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@ flightradar2a

Examplel:Air travel

| @ Passenger air travel by region

Passenger air travel, select regions
trillion passenger—miles traveled

16
history ' projections
14 China
India
12
United States
10
8

OECD Europe

6
4 - o . .
- — Middle East
2 : —
2010 2015 2020 2025 2030 2035 2040 2045 2050

https://www.eia.gov/outlooks/ieo/
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Cooling’s Rapid Growth

By 2050, around two-thirds of the world’s households could have an

air conditioner. China, Indonesia and India will account for half the
total number.

GLOBAL AIR CONDITIONER STOCK

Example 2:
o Air Conditioning

5B ALL OTHER

COUNTRIES

4% MIDDLEEAST 4

BRAZIL———————*
MEXICO —————
INDONESIA —————e

Air conditioning units (billions)

3B INDIA
R
28 =777 JAPAN & KOREA
g~ CHINA
1B I o
U.5.A.
[1 T T T T T T
19 2000 2010 2020 2030 2040 2050
SOURCE: IEA (International Energy Agency) PAUL HORN / Inside Climate Mews
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The most used climate scenarios in climate research are
out-of-date and portray implausible energy futures
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Business As Usual

Probable

Preferable

https://www.semanticscholar.org/paper/Title-%3A-A-generic-foresight-process-framework-Year-Voros/ffd5a52cc3dd7e5ed566f5ff199658f3eebca99b
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IPCC First Assessment Report 1990
Scenarios (““Task A’’) as plausible projections of the future
BAU as a “‘reference scenario”
Scenarios B, C, D as “policy scenarios”

& e
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“Emissions scenario” (IPCC 2014)

“A plausible representation of the future development of
emissions of substances that are potentially radiatively active (e.g.,
greenhouse gases, aerosols) based on a coherent and internally
consistent set of assumptions about driving forces (such as
demographic and socioeconomic development, technological
change, energy and land use) and their key relationships.”

WORD OF THE DAY

JULY 31, 2017

plausible

idjective | PLAW-zuh

appearing worthy of belief
@l University of Colorado Boulder



Representative Concentration Pathway Scenarios
4 of the 1,184 IPCC AR5 Scenarios

Data: CD|ACI/GCP/|PCC/IFUSS et al 2q14
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S RCP2.6
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net-negative global emissions
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RCPs as radiative forcing pathways
But often forgotten: these RF pathways come from scenarios

C02-Equivalent Concentration

100 4 All GHGs [ppm CO2eq
1,380 ppm
é‘
R =
[5]
E 840 ppm
4
E 660 ppm
h=]
[
o
) 495 ppm
(=]
e
: . n
Year
~—— RCP8.5  ——— RCP6.0 RCP45 == RCP2.6

Global Mean Temperature Increase
HAGICC Ve .:’.‘;';I_.' tunings

48°C

3.2°C

25°C

Lé6°C

Ritchie and Dowlatabadi 2018
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From Pri-Industrial Baceling
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Cumulative CO2 Emissions from Fossil Fuels and Industry - 21st Century (GtCO2) Pielke et al. 2022
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What happens
when we evaluate
climate scenarios
developed
decades ago to
assess their
plausibility in
2023?

From Pre-Industrial Baseline

Global Mean Temperature Increase - Year 2100 (°C)

Global Mean Temperature Increase - Year 2100 (°C)
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Plausible 2005-2050 emissions scenarios project between 2 °C

ESS and 3 °C of warming by 2100

‘Romes Piella [~ 0, Mattherw G Busgess™ 0 and Justin Ritchie'

Emissions from fossil fuels

Data: CDIACI/GCP/IPCC/IFuss et al 2q14
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Catastrophic climate risks should be neither

understated nor overstated

Matthew G. Burgess*>*'®, Roger Pielke Jr.", and Justin Ritchie®®

Kemp et al. (1) argue that catastrophic climate hange
collapse and hu i
should be studied explicity but are currently underexplored.
We agree that such scenarios should be studied, and seciety
should pricritize avoiding catasirophic outcomes. However,

Under the most economically pessimmistic [and, possibly, real-
istic (6]) SSP3, GDP per capita sull more than doubles by
2100 in most couniries (2. 6). Thus, akhough highly uncer-
tain, affuence will most likely continue to increase across
the vast majority of the world this century, even in relatively

history also shows risks ing the likelihood of
1

calamity. Mindful of this, we
degree to which recent scientific and public discourses
already prioritize catastrophic dimate scenarios.

Kemp et al. {1) note tha recent Intergovernmental Panel
on climate Change (IPCQ) reports emphasize sub2-C sce-
narios. Simultaneously, IPCC reports also overemphasize cat-
astrophic scenarios, as does broader discourse. For example,
the cataclysmic Representative Concentration Pathway 8.5
(RCP85) and Shared Soceconomic Pathway 585 (SSPS-
85) scenarios—now widely considered  implausible
(21—account for roughly half of the scenario mentions in
recent IPCC Assessment Reports impadts (Working Group Il
sections (Fig, 1A}, similar to underlying scientific Iterature (3).
The S5P3-7.0 emissions pathway. which Kemp et al. (1)
use in their analyses, assumes a world in 2100 heavly reli-
ant on coal and with no dlimate poliey—an implausible
future (3, 4). It projects vastly higher emissions than the
International Energy Agency (IEA) stated policies scenario,
which has continually been revised dowrward in recent
years (4) (Fig. 1)

Could amore plausible high-end emissions scenario, such
a5 S$P245 (4) (Fig 18), produce catastrophic climate
change? The IPCC assodates SSP2-45 with a “very likely

o apocalyptic futures can be used to
support despotism and rashness. For example, cata-
strophic and ultimately inaccurate overpopulation sce-
narios in the 1960 and 19705 contributed to several
countries adoping forced sterilization and abortion pro-
grams, including China's one-child policy, which caused
up to 100 million coerced abortions (7), disproportion-
ately of girls. Past and present fascist and neofascist
movements frequently use fears of ervironmental catas-

mote eugenics and oppose immigration
and ald (8). The $ri Lankan government. concerned about
pellution, rashly banned synthetic fertilizers and pesti-
cides in 2021, contributing to an agriculwral and eco-
nomic crisis (9).

At o et 1o S0 s AT 43, Copt i WL ot

“Depatmens of Enues tmeots Sts0es. Uowersy o Cooan B, Bosces. €O
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Athor contrBies: WGR. R, 318 R Geipad nisneh, palormed s
ayied G, rcwaote e pper.
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Climate scenarios are out-of-date. Now what?
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Research emphasizes an implausible scenario

Scrutiny for Most Popular Climate Scenario

Of the four main scenarios designed to run on climate-economic models, the most extreme
one draws the most Google Scholar hits.

B Hits on Google Scholar for papers citing each warming scenario

Low warming (RCP2.6) Low-medium warming High-medium warming  High warming (RCP8.5)
(RCP4.5) (RCP6.0)

Scenario
Google Scholar

Bloomberg
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If you read a media report about climate impacts,
it is likely that the story is based on RCP 8.5

CarbonBrief

GUEST POSTS | 14 May 2018 © 11:39

?

Cllmate Change could leave
Californians with 'weather whiplash'

By Brandon Miller, CNN
© Updated 3:02 PM ET, Mon April 23, 2018 O

Guest post: Climate change is

already making droughts worse
0000

Daily chart

Climate change will affect developing
countries more than rich ones

Temperatures in tropical climates will become far more variable

I Poor rewards @ Asia @ Europe

Change in variability of climate and GDP per person

Stanford | news

Home

Find Stories For Journalists Contact

FEBRUARY 14,2018

Risk of extreme weather events higher if Paris
Agreement goals aren’t met, Stanford
researchers find

Cesv] IACULIE

Internat

NEWS FEATURE -

Attack of the extreme floods

07 MARCH 2018

E NYT Climate

Dnytclimate

{ Follow ] W

Sure, you can move the treasures off of Easter
Island before climate change does its worst.
The statues and petroglyphs could go go
museums. "But you lose their context, you
lose their history when deoing that.”

nyti.ms/2Dts4U9

11:12 AM - 15 Mar 2018

The threat of 'Biblical’ rainfall over
Texas has soared sixfold in just 25
years due to global warming, experts
warn

« From 1981to 2000, probability of 20 inches of rain was 1in 100 or even less
« Now it's 6 in 100 and by 2081, those odds will be 18 in 100

By ASSOCIATED PRESS
PUBLISHED: 15:10 EST, 13 November 2017 | UPDATED: 06:06 EST, 14 November 2017

NEACRE=E 31 o

The chances of a hurricane flooding parts of Texas, like Harvey did, have soared
sixfold in just 25 years because of global warming and will likely triple once again
before the end of the century, a new study says.
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Proportion of RCP8.5/55P5-8.5 Mentions in IPCC ARS & ARG
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“All the News
That’s Fit to Print”

Che New ork Cimes

Late Edition
Today, clouds breaking for some
sunshine, a few morning showers,
windy, high 60. Tonight, clear, low
50. Tomorrow, plenty of sunshine,
high 60. Weather map, Page Bl2.

“Still, scientists

warn, that number
isn’t something to

celebrate.”

I.... No.59,224

©2021 The New York Times Company ~ NEW YORK, WEDNESDAY, OCTOBER 27, 2021

$3.00

E BY PFIZER
EY BACKING
HILDREN 511

EXPERT ADVISERS

on to Join Those
le for Doses if

s Authorized

'ON LaFRANIERE
'OAH WEILAND

GTON — An expert
committee advising the Food and
Drug Administration on Tuesday
recommended that regulators au-
thorize Pfizer-BioNTech'’s corona-
virus vaccine for 5-to 11-year-olds,
bringing about 28 million children
a major step closer to becoming
eligible for shots.

If the ED.A. follows the panel’s
advice in the coming days, as is
expected — and the Centers for
Disease Control and Prevention
agrees — the Biden administra-
tion will have expanded vaccine
access to all but the youngest
Americans, while providing
booster shots for many as well.

Biden administration officials
see the pediatric dose as crucial to
keeping schools open and restor-
ing a sense of normalcy to family
and work life as the pandemic hur-
tles toward the end of its second
year. The administration wants to
be seen as doing everything possi-

The World Has Bent the Emissions Curve. But Not Nearly Enough. +100

Ahead of next week's United Nations climate summit, the focus is on one crucial guestion:

How many degrees hotter will the Earth get? Page A10.

Pre-Paris policies
+4.2°C to 3.6°C projected warming above
preindustrial levels by 2100

In 2014, before the Paris climate agreement,

the world was on track to heat up nearly 4
degrees Celsius (7.2 degrees Fahrenheit)
by the end of the century, an outcome
widely seen as catastrophic.

Historical global
emissions

1.5°C-compatible less than +1.5°C —

Yet scientists and world leaders
increasingly say even that much warming
is too risky. To hold global temperature rise
to a safer limit of 1.5 degrees Celsius, far
more drastic action is needed.

1990 2000 2010 2020 2030

Source: Climate Action Tracker | Note: The graphic does n

In gigatonnes of
CO,-equivalent ——
peryear ‘%

+80

+70
Current policies +3.1°C to 2.7°C

Today, thanks to rapid growth in clean

energy, humanity is on pace for roughly +60
3 degrees Celsius of warming by 2100

— a better result, but still devastating.

+50
+40
+30
Pledges +2.4°C 10 2.1°C
Many countries have vowed to slash 20
emissions even faster. If nations follow
through, the world could potentially
limit total warming to around 2 to 2.4
degrees Celsius by 2100. =
o]
2080 2070 2080 20.90 2100

include Climate Action Tracker’s “optimistic net-zero targets” pathway.
The group based its 1.5°C-compatible pathway on scenarios from IPCC's Special Report on Global Warming of 1.5°C. NADJA POPOVICH AND BILL MARSH/ THE NEW YORK TIMES

DEMOCRATS URGE
BILLIONAIRES' TAX
T0 HELP FUND BILL

A NOVEL HIT ON WEALTH

Big Firms Also Targeted
in Feud Over Slimmer
Social Package

By JONATHAN WEISMAN

WASHINGTON —  Senate
Democrats rushed on Tuesday to
nail down the details of a ground-
breaking tax on billionaires’
wealth, part of an elaborate menu
of tax increases to finance a signif-
icantly scaled-back bill that would
strengthen the social safety net
and address climate change.

Democrats’ plans to pay for
about $1.5 trillion in social policy
and climate spending could prove
to be the most innovative compo-
nents of the party’s domestic leg-
islation, a top priority, which was
once envisioned as a transforma-
tive cradle-to-grave initiative to
vault a stagnant working class
into prosperity. Now, even as
President Biden and his allies cut
down the plan to ensure it can
pass even with Democrats’ razor-
thin edge in Congress, they are
toiling to agree on new tax policies
that could have far-reaching con-
sequences.

Among them is a measure Sen-

University of Colorado Boulder



Final thoughts

* Climate change is important

* Climate policies are important

* Energy is essential to humanity thriving on
planet Earth & for securing a thriving
global environment

* Because of their scale and importance,
energy issues usually become deeply
politicized

* Pathological politicization begets
misinformation

* But the truth is out there!
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Thank You!

B The Honest Broker Newsletter (please sign up!):

— https://rogerpielkejr.substack.com/

HONEST

BROKER &

Presidential Scence Advisors
Perspectives and Reflections
on Sdence, Policy and Politic

Contact

rpielkejr@gmail.com

O @RogerPielke)r

T

—]

THE RIGHTFUL
PLACE OF SCIENCE:

DISASTERS &
CLIMATE CHANGE

@ University of Colorado Boulder


https://rogerpielkejr.substack.com/
mailto:rpielkejr@gmail.com

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Where do emissions come from?
	What levers do we have to achieve net-zero?
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	IPCC First Assessment Report 1990�Scenarios (“Task A”) as plausible projections of the future�BAU as a “reference scenario”�Scenarios B, C, D as “policy scenarios”
	“Emissions scenario” (IPCC 2014)
	Representative Concentration Pathway Scenarios�4 of the 1,184 IPCC AR5 Scenarios
	RCPs as radiative forcing pathways�But often forgotten: these RF pathways come from scenarios
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Research emphasizes an implausible scenario
	If you read a media report about climate impacts, �it is likely that the story is based on RCP 8.5
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Thank You!

