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The worlds premier
wind energy institute

500 people
From 40+ countries

More than 40 years
experience
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100% Renewables —
Is it possible?
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The Sun

i

Nearly all energy comes from the sun

Geothermal, tidal and finite resources are extra

Image: NASA.gov
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DTU n POLARCELL
== Wind Energy
o
POLAR FRONT
Solar radiation warms the planet differently
Also gives rise to pressure gradients ROPIC oF Capcps et
Wind systems try to equalise the
difference NORTHEASTERLY TRADES
F':'\"'-'iﬁli"nl.l.-
Wind energy exploitation only close to the T e
ground
SOUTHEASTERLY TRADES
%'Wrﬂt
WESTERLIES

POLAR FRONT

Source: Desertec Atlas Global Energiewende POLAR CELL
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https://issuu.com/global_marshall_plan/docs/desertec_atlas_global_energiewende/14?ff&e=0/8616938
https://issuu.com/global_marshall_plan/docs/desertec_atlas_global_energiewende/14?ff&e=0/8616938
https://issuu.com/global_marshall_plan/docs/desertec_atlas_global_energiewende/14?ff&e=0/8616938
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Global wind resource

I

Miller, Gans, Kleidon 2011:

The conversion processes between incoming solar radiation and
extractable wind power over the land in the Earth system is shown.
In this simplified framework, assuming a 100% conversion efficiency
from mechanical power to electrical power, a maximum of 68TW of
electricity can be produced from wind power extraction from the
atmospheric boundary layer over all non-glaciated land surfaces.

L. M. Miller, F. Gans, and A. Kleidon: Estimating maximum global land surface wind power extractability
and associated climatic consequences. Earth System Dynamics, 2011

June 2026 DTU Wind

~3,4 TW

global electricity

demand

=~ 175,000 TW
incoming solar
radiation

= 45,000 TW
differential solar
heating

=450 TW
dissipated in
free atmosphere

=900 TW
total wind power
generation

=337 TW
dissipated over
ice and ocean

~ 450 TW
dissipated in
boundary layer

=112TW
dissipated over
land
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http://dx.doi.org/10.5194/esd-2-1-2011
http://dx.doi.org/10.5194/esd-2-1-2011
http://dx.doi.org/10.5194/esd-2-1-2011
http://dx.doi.org/10.5194/esd-2-1-2011
http://dx.doi.org/10.5194/esd-2-1-2011
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Potential for
Electricity
production from
offshore wind
power plants

The North Sea
alone would do
just about half of
the world’s
present need.

Source: Niels-Erik Clausen,
DTU Wind Energy
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GLOBAL WIND ATLAS

GLOBAL SOLARATLAS | ENERGYDATAINFO
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v3.1 April 2021.
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Global Solar Atlas.
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100% Renewables —
Is it possible?
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100% Renewables —
It Is possible!
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Narrative

I

The climate pressure

Which technology do we need?

Wind technology

The example of Denmark

100PercentRenewableslsPossible



Early warning
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Newspaper clip from 1912

Read: the physics has been well
known for a while

First article by Svante Arrhenius
1896 discussed "greenhouse
gases’.

Source: National Library of New Zealand, reproduced from an
article in The Braidwood Dispatch and Mining Journal July 17,
1912 (via National Library of Australia. Both links and Popular
Mechanics clip found on snopes.com.

June 2026 DTU Wind

REMARKABLE WEATHER
OF 1911

The Effect of the Combustion
of Coal on the Climate — What
Scientists Predict for the Future

By FRANCIS MOLENA

The furnaces of the world are now burning about 2000000000 tons of coal a vear. When this s burned,
uniting with cxygen, it adds aboat 7000060000 tone of carbon dioxide 1o the aimosphere vearly. This tends to
maoke the air @ more effective blanket for the carth and to raise ite temperature. The effect may be considerable

in a few centuries,

100PercentRenewableslsPossible


https://paperspast.natlib.govt.nz/newspapers/ROTWKG19120814.2.56.5
https://trove.nla.gov.au/newspaper/article/100645214
https://www.snopes.com/fact-check/1912-article-global-warming/

DTU Climat _ Global temperature change (1850-2020)

= Imate spira Dec
\ ,
« Shows mean global monthly temperature relative 2 N
to baseline 1850-1900.
. A\

o) %

0.0°C

Source: ShowYourStripes.info, Climate-Lab-Book.ac.uk
See also https://openclimatedata.net/climate-spirals/
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Global temperature change (1850-2022)

o))
%
unpe HadCRUT5.0
@ed_hawkins Baseline: 1850-1900
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-/Orb’




#ShowYourStripes STRIPES FAQ SHOWCASE  BIODIVERSITY STRIPES ~ SUPPORT OUR WORK @ E’g’;ﬁ? ,‘;"g'

@ Select Region

ShowYourStripes.info

Region
EUROPE -
WARMING STRIPES LABELLED STRIPES BARS BARS WITH SCALE
Country
Denmark -
Down on Country level Temperature change in Denmark since 1850
Location
AlSO =All of Denmark> -
biodiversitystripes.info.
© Information
Region <All of Denmark=
Date Range 1850-2022 R
Data Source Berkeley Earth l] . [ ‘
1860 1890 1920 1950 1980 2010
Creator Ed Hawkins
Iocimnt University of

Reading

License
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Source: Global Carbon Budget 2024 / Indicators of Global Climate Change, updated 2025

June 2026

TOTAL CARBON BUBBLE

Emissions from burning all known
reserves of coal, oil and
natural gas.

REMAINING CARBON
BUDGET (1.5°C)

CO, we can still emit
from 2024 onward.

UPDATED REMAINING CARBON BUDGET

—— How close are we to exhausting the 1.5°C carbon budget? ——

COMPARING BUDGET TO CURRENT EMISSIONS

CURRENT ANNUAL REMAINING
GLOBAL CO, Co ) CARBON BUDGET
EMISSIONS (1.5°C)

BILLION TONS

From fossil fuels and
industry (2023 estimate).

965

BILLION TONS

Total CO, we can still emit

to stay below 1.5°C.

4\ HOW CLOSE ARE WE TO EXHAUSTING THE BUDGET?

At our current pace, we will use up the entire 1.5°C carbon budget in:

a8 ABOUT 15 YEARS

By around 2039 (+ 3 years)
at 2023 emission levels.

We have used

~92%

of the 1.5°C carbon budget
(1850-2023).

92+

THE BOTTOM LINE

We have a very small
carbon budget left
to keep warming
below 1.5°C.

&
€%

DTU Wind

EMISSIONS MUST FALL

Global CO, emissions
need to drop ~43% by
2030 and reach net zero
around mid-century.

EVERY ACTION COUNTS

Stronger policies,
clean energy, and
behavior change can
secure our future.

WHY IT MATTERS: Exceeding the 1.5°C carbon budget greatly increases the risks of extreme heat, droughts, floods,
sea level rise, and other irreversible impacts on people and ecosystems.

1.5°C CARBON BUDGET CONSUMED (1850-2023)

e 92%

0% 50% 75%
USED: ~2,230 BILLION TONS CO. B REMAINING: ~565 BILLION TONS CO,

@
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100%

Source: Global Carbon Budget 2023 (Friedlingstein et al.)
Data: Global Carbon Project




CO5 mitigation curves: 1.5°C

Ely Since such steep
oo miitination ic
> 40 Gt Eﬂ'ﬁEtﬂﬁl EmIE:ElFInE I.' '-'-.l*-'[':' | -l*-" s
CO. for nine years w|.|i | impossible, the only
= use up the remaining way 1o achieve this
carbon budget budget is with very
large “negative
30 emissions: pulling CO.
out of the atmosphere
Starting mitigation in 2019
will require monumental
20) mitigation rates
Starting mitigation
For a >66% chance N in 2000 would have
10 . of staying below 1.5 G e required a mitigation
Remaining budget: B rate of about 4%/yr
420 GtCO, S
Mitigation curves after
Haupach et al. 2014
0 —
Source: James Dyke, Robert Watson, 1880 2000 2020 2040 2060 2080 2100

Wolfgang Knorr: Climate scientists:
concept of net zero is a dangerous trap.
The Conversation, 2021

Graph demonstrating how fast mitigation has to happen to keep to 1.5°C.
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https://theconversation.com/climate-scientists-concept-of-net-zero-is-a-dangerous-trap-157368
https://theconversation.com/climate-scientists-concept-of-net-zero-is-a-dangerous-trap-157368
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No new miracle tech needed

Marc Jacobson, Stanford:

” The worldwide upfront capital cost of such a 2050
WWS [wind, water and sun] system is around
$62tn. However, due to the $11tn annual energy
cost savings, the payback time is less than six
years. The new system may also create over 28m
more long-term, full-time jobs than lost worldwide”

"we have 95% of the technologies we need to solve
the problem. The ones we don’t have include long-
distance aircraft and ships and some industrial
technologies, but we know how to transition those
technologies.”

https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-

technology-wind-water-solar (also as book)

June 2026 DTU Wind

Opinion Climate crisis

We don't need ‘miracle’ technologies to fix
the climate. We have the tools now

Mark Z Jacobson

Wind, water and solar energy is cheap, effective and green. We
don't need experimental or risky energy sources to save our
planet

Tue 7 Feb 2023 11.22 GMT

3 'The new system may also create over 28m more long-term, full-time jobs than lost worldwide
and require only about 0.53% of the world's land for new energy - less than the land required for
the current energy system.’ Photograph: Phil Noble/Reuters


https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar
https://www.theguardian.com/commentisfree/2023/feb/07/climate-crisis-miracle-technology-wind-water-solar

I Tvind turbine 1978

« MW class turbine well before its time
* Probably longest running turbine world-wide

* Otherwise started out with small turbines,
successively scaling up

June 2026 DTU Wind
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 Significant progress over last 25 years
...and no end in sight

Turbine size

June 2026

DTU Wind

Wind Turbine Progress

1997 2021 1889
Zond Z-50 GE Haliade-X 12 MW Eiffel Tower
Height 65 m Height 260 m Height 324 m
Rotor 50 m Rotor 220 m (1,063 ft)

Power 12,000 kW

Power 750 kW
Powers 16,000 homes

Powers 560 homes

ECOHUNGRY.com

@ ® @ Creative Commaons Attribution-NoDerivatives 4.0

100PercentRenewableslsPossible




Vestas’ new nacelle is big



https://www.rivieramm.com/news-content-hub/news-content-hub/nacelle-for-v236-150-mw-offshore-wind-turbine-arrives-at-osterild-test-centre-73837
https://www.rivieramm.com/news-content-hub/news-content-hub/nacelle-for-v236-150-mw-offshore-wind-turbine-arrives-at-osterild-test-centre-73837
https://www.rivieramm.com/news-content-hub/news-content-hub/nacelle-for-v236-150-mw-offshore-wind-turbine-arrives-at-osterild-test-centre-73837
https://www.vestas.com/en/products/offshore/V236-15MW/journey
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https://www.maritimeeconomy.com/post-details.php?post_id=bmxqbg==&post_name=Havfram%20Wind%20signs%20contract%20with%20RWE%20for%20turbine%20transport%20and%20installation%20support%20for%20Nordseecluster%20offshore%20wind%20projects&segment_name=Ocean%20%20Offshore%20Energy
https://www.maritimeeconomy.com/post-details.php?post_id=bmxqbg==&post_name=Havfram%20Wind%20signs%20contract%20with%20RWE%20for%20turbine%20transport%20and%20installation%20support%20for%20Nordseecluster%20offshore%20wind%20projects&segment_name=Ocean%20%20Offshore%20Energy
https://www.maritimeeconomy.com/post-details.php?post_id=bmxqbg==&post_name=Havfram%20Wind%20signs%20contract%20with%20RWE%20for%20turbine%20transport%20and%20installation%20support%20for%20Nordseecluster%20offshore%20wind%20projects&segment_name=Ocean%20%20Offshore%20Energy
https://www.maritimeeconomy.com/post-details.php?post_id=bmxqbg==&post_name=Havfram%20Wind%20signs%20contract%20with%20RWE%20for%20turbine%20transport%20and%20installation%20support%20for%20Nordseecluster%20offshore%20wind%20projects&segment_name=Ocean%20%20Offshore%20Energy
https://www.maritimeeconomy.com/post-details.php?post_id=bmxqbg==&post_name=Havfram%20Wind%20signs%20contract%20with%20RWE%20for%20turbine%20transport%20and%20installation%20support%20for%20Nordseecluster%20offshore%20wind%20projects&segment_name=Ocean%20%20Offshore%20Energy

Typical Floater and WTG 20 MW w F LOWl N d US Q Eg:fsl T;’r"gsge

- : Engineering support for Offshore Wind Industry
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Aerodyn SCDnezzy2 concept

2x 7,5MW
Downwind floating
90deg difference in rotor position

DTU Wind
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al turbine .

: ; The-dual rotor OceanX floater has two |
B & ~8.3-MW MySES8.3-180 turbines installed
- on it and a total capacity of 16.6 MW.
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~ Source: Ri
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https://www.rivieramm.com/news-content-hub/another-first-for-china-as-mingyang-launches-highest-capacity-floating-offshore-wind-turbine-81563#msdynttrid=7lghDmpIjr_EfueJKZ7y0v_5haOsc9w6jBKWnLR5Qsg

27[]n'|9[]/ 2017
= Energy payback time

At 10 m/s wind speed:

e 80 tons/sec: Mass of air
through a rotor disc @ 92 m

* Generates in 7?7
electricity corresponding to the
energy spent in manufacturing
and erection (energy pay-back
time)

* 90% can be recycled

Slide source Niels Erik Clausen, DTU
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Energy payback time

At 10 m/s wind speed:

e 80 tons/sec: Mass of air
through a rotor disc @ 92 m

» Generates in 6-7 months
electricity corresponding to the
energy spent in manufacturing
and erection (energy pay-back
time)

* 90% can be recycled

25 year lifetime: 50 times the
energy invested

Slide source Niels Erik Clausen, DTU




Life Cycle

DTU .
= Vestas provides LCAs Assessment
- Vestas provides full Life Cycle Assessments Of e|ec‘[riCity
for their turbines :
| . production from
« Example: V236-15MW has a payback time of
13 months an offshore .
V236-15 MWE
Source: https://www.vestas.com/en/sustainability/environment/lifecycle- .
assessments W”’]d D|aﬂt
Wind plant key figures
Wind plant carbon footprint Wind plant return on energy
(Global Warming Potential) 1 3
7 . O %ﬁ months g
gCO.e/kWh

Wind plant return on energy

2/ o |

times
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Learning curve

Every time the total installed
capacity of a given technology
doubles, the price falls by XX %.

Nuclear is an exception.

Source: Max Roser on Our World in Data, 2020

June 2026 DTU Wind

Electricity [rom renewables became cheaper as we increased [SUNERE
capacity - electricity from nuclear and coal did not il
Price per megawatt hour of electricity FRALA

e ‘\f-f:i?";i!--uw.'l'|
This is the global weighted-average of the 2010

levelized costs of energy (LCOE), without subsidies %\
X N\

Jgarithm and adpusted for inflation %,

55-30 \\

™,

\ Solar Photovaoltaic (PV)

$250 \
$200
$180 Nuclear energy

$162 e
50 ; \x_ ® $155
Offshore wind Y 3019

ng rat N

\\ CDaE_

®$115 \, b e A

\\ $111 &—» @ $£109
2010 PLAnR
$100

- ol has not
120 15 N

@ 568/ MWh

=0

340 Onshore wind

Learning rate: 23%

£ ot Bk
£ D00 MW

10,000 MW

20,000 MW S0,000 MW 500,000 bW 2,000,000 MW

100,000 MW 1,000,000 MW
Cumulative installed capacity (in megawatts) logarithmic ax

Source: IRENA 2020 for all data on renewable sources; Lazard for the price of electricity from nuclear and coal - IAEA for nuclear capacity and Global Energy Monitor for coa

capacity, Gas [s not shown because the price betwesn gas peaker and combined cycles differs signficantly, and global data on the capacity of each of these sowrces i5 naot

gvailabée, The price of electricity from gas has fallen over this decade, but over the longer run it is not following a leaming curve R
Licensed under CC-BY

OurWorldinData.org - Research and data to make progress against the world's largest problems. by the author Max Roser
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https://ourworldindata.org/cheap-renewables-growth
https://ourworldindata.org/cheap-renewables-growth

| Price per Watt of solar photovoltaics (PV) modules (logarithmic axis) 10.000
< The prices are adjusted for inflation and presented in 2019 US-$. $10,
«

< $100 976

The prlce of solar modules declined by 99. 6% since 1976 O.‘ﬂ]r V\gorld Price and market size of lithium-ion batteries since 1992

Price per kilowatt-hour; kWh (logarithmic axis)

$6,035 per kWh
1.55 MWh cumulative installed capacity

1992

$50 TIN1979 i i - - - S $5,000

With each doubling of installed capacity the price
of solar modules dropped on average by 20.2%.
This is the learning rate of solar modules.

$20 o N4983 N
) ) 1999 92000
$2,000 Prices declined by a factor of 40.
$10 Capacity increased by a factor of 50,000.
$5
N TN 42005 $1,000
Prices declined an average of 18.9%
for every doubling in cumulative capacity.
$2 This is called the ‘learning rate’.
$500
2012
3 SR U VOO OSSN NUUUUON SOOI SO VOO SUUOU USROS SOV SUUTOO SUUUUOOO SO S O 2013
2014
Source: Max Roser on Our World in Data, 2020 2015
$244 per kWh 2016
$O-,,5, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I L S A U R - 78,000 MWh cumulative installed capacity
IMW SMW  20MW SOMW 42019 $200
1 MW 10 MW 100 MW 1.000 MW 10.000 MW  100.000 MW 1 MWh 10 MWh 100 MWh 1,000 MWh 10,000 MWh 100,000 MWh
’ ’ ’ = 1,000,000 Watt-hours

~1.000.000Watt  cymulative installed solar PV capacity (logarithmic axis)

Cumulative lithium-ion cell capacity (logarithmic axis)
Data: Lafond et al. (2017) and IRENA Database; the reported learning rate is an average over several

studies reported by de La Tour et al (2013) in Energy. The rate has remained very similar since then. Licensed under CC-BY  Prices are adjusted for inflation and given in 2018 US-$ per kilowatt-hour (kWh).
. . ) Source: Micah Ziegler and Jessika Trancik (2021). Re-examining rates of lithium-ion battery technology improvement and cost decline
OurWorldinData.org - Research and data to make progress against the world’s largest problems. by the author Max Roser  ourworldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Hannah Ritchie.

June 2026 DTU Wind 100PercentRenewableslsPossible 47



https://ourworldindata.org/cheap-renewables-growth
https://ourworldindata.org/cheap-renewables-growth
https://ourworldindata.org/cheap-renewables-growth
https://ourworldindata.org/cheap-renewables-growth

Levelized Cost of Energy Comparison—Historical Renewable Energy LCOE

This year’s analysis shows a divergence in trends between wind and solar with solar costs declining slightly and wind costs increasing,
likely reflecting the difference in supply chain conditions across each technology

ET!

Wind—Onshore Solar PV—Utility
Wind—Onshore 2009 - 2025 Percentage Decreasze/CAGR: Solar Pv—Urtility 2009 — 2025 Percentage Decrease/CAGR: (84% 0}
LCOE LCOE . .
[$fMWh:| . {$IMWh} - e e
Wind—Onshore 2020 - 2025 Increase/CAGR: Solar PV—Utility 2020 - 2025 Percentage Increase/CAGR: 54547 /9%
$250 $450 | SN
$304
375
200
$169
$148 300 $323'g270
150 I
225
$226, $166
100 $02 $95 $95 $36 $140
§101 $99 81 $77 §75 $73 150 |
$62 $60 $148 ] $104 $
96
$56 $54 54 $50 - $36 $a2 $78
50 s g 70 g6 ;
75 101 53
$50 $48 $45 R $91 ; I 1 $46 $44 B2 $aq I
37 72 Ll
$32 $32 $37 T--ZI-_3-_%
$30 $20 $28 425 $26 soa 327 58 540 ga6 $40 $38
0 0 $36 $31 $30 o4 $29
i EE
2009 2070 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2023 2024 20235 2009 2010 2071 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2023 2024 2025
LCOE
v;g;i 30 40 50 60 70 80 9.0 710.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 Version -¢ 40 50 60 70 &0 5.0 100 711.0 120 713.0 14.0 15.0 16.0 170 18.0
Wind—Onshore LCOE Range Wind—Onshore LCOE Average Solar PY—Utility LCOE Range Solar PY—Utility LCOE Average
Source: Lezard estimates and publicly sveilsble information.
L A Z A R D 1 Reflectz the sverage percentsge incressa’{decresss) of the high end and low end of the LCOE range.
2 Reflects the average compounded snnusal growth rate of the high end and low end of the LCOE rangs.

—
&)
. :

Copyright 2025 Lezard

https://www.lazard.com/research-insights/levelized-cost-of-energyplus-lcoeplus/
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EU installed battery storage capacity edges towards the 80 GWh milestone
EU cumulative BESS installed capacity 2016-2025

100 2021-2025
Cumulative capacity growth accelerates
during the energy crisis, while utility-scale
20 battery deployment scales up
80
£
10%
40 2017-2021 -
Slow battery roll-out limited to early
acdopters in the residential segment
20
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Eﬁl‘aﬂ rl'JP‘e?wer (& SolarPower Europe

100PercentRenewableslsPossible



I_C@: A LAZARD'S LEVELIZED COST OF ENERGY AMNALYSIS—VERSION 18.0

DTU

oo
oo
oo

Levelized Cost of Energy Comparison—Version 18.0

Selected renewable energy generation technologies remain cost-competitive with conventional generation technologies under certain
circumstances

Solar PV —Community & C&I1
Solar PV—Utility
Solar PV + Storage—Utility

Renewable
Geothermal

Generation

Wind—Onshore

Wind + Storage—Onshore®

https://www.lazard.com/research-insights/levelized-cost-of-energyplus-lcoeplus/

Wind—Offshore
Gas Peaking
) U5 Nuclear® 3
Conventional
i 3
Generation Coalz
Gas Combined Cycle $31° 4 %48 51077 & UL
$0 $25 £50 £75 £100 £125 £150 5175 £200 $225 $250 $275
[ Levelized Cost of Energy ($/MWh) |

Source: Lazard estimates and publicly available mformation.

Mote: Here and throughout this analysis, unless otherwise indicated, the analysis assumes G0% debt at an 3% interest rate and 40% equity at a 12% cost. See page titled “Levelized Cost of Energy Comparison—2SEensitivity to Costof Capital” for
costof capital sensitivities.

1 Reflects the LCOE for a system composed of standalone generation plus standalone storage less the combined system-level synergies [assumed to be 109 of storage capital costs and 25% of mwerter costs). The synergdies capture
potential cost reductions or efficiency gains fromintegrating generation and storage, such as shared interconnection infrastructure, improved energy dispatch, enhanced capacity utilization and cperational efficiencies.

2 Given the limited public and/or observable data available for new-tuild geothermal, coal and nuclear projects, the LCOE presented hersinreflects Lazard™s LOOE v14.0 results adjusted for inflation and, for nuclear, are based on then-
estimated costs of the Vogtle Plant. Coal LOOE does notinclude cost of transportation and storage.

3 Thefusl cost assumptions for Lazard's LOOE analyses of gas-fired generation, coal-fired gensration and nueclear genaration resources are $3.45/MMETU, $1.47/MMETU and $0.85/MMETU, respactivaly, for year-ouer-year comparisan
purposes. Ses page titled “Levelizad Cost of Energy Comparison—Sensitivity to Fuel Prices” for fusl price s=nsitivities.

4 Represants theillustrative midpoint LCOE for Dominion's Coastal Virginia Offshore Wind {“CWVOW™) project, based on the publicly disclosed capital cost of "-‘q}ﬂ-.? billion [=xcluding onshoretransmission costs) and offshore wind astimates
from Lazard. Dominécn’s projected LOOE for CVOW as of February 2025 is #91:’[-1'-'111 in 2027 dollars, with an expected CODin 40 2025,

53 Reflacts the sverage of the high and low LCOE marginal cost of operating fully dapreciated gas peaking, gas combinad cycle, coal and nuclear facilities, inclusive of dacommissioning costs for nuclear facilitias. Analysis assumes that the
salvage valus fora decommissioned gas or coal assat is eguivalent to its decommissioningand site rastoration costs. Inputs are derived from a benchmark of oparating gas, coaland nuclear assats scross the ULS. Capacity factors, fusl,
wariable and fixed oparating sxpenses ars based on upper- and lower-quartile estimates darived from Lazard™s research. Ses page titled “Levelizad Cost of Energy Comgariscn—H~New Build Renewsble Generationvs. Marginal Cost of L4
Corventional Generation™ for additional details.

G Represents illustrative LODE values for Yogtle nuclear plant's units 5 and 4. The analysisis based on publicly available estimates and suggestions from selected industry experts, indicatinga cost “learning curve™ of ~30% between Vogtle

LAZA l{ Lj wnits 3 and 4. Analysis assumes total operating capacity of 2.2 GW, total capital cost uf"-*&i..& billion, capacity factor of ~87%, operating life of 70 years and other operating parameters estimated by Lazard"s LOOEv14.0 results, adjusted 8 |
for inflation.
Copyrieght 2025 Lazard - 1 watrmtocm bigh ~mem rpd st slmbmrd ~mmital Frete 185 A0RAY — &7 ST harmd me rme s e~ mreosmd ek m# m1 et e Far CE T rreisete e marhe cémdme qF A sl e e e et fea et 078 SO




@ Development from the 1980s
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Denmark: from 15% to 90%
renewables in 25 years

A fossil-based system became wind-powered in one generation
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DK trend since the 1970ies
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 Shown here since 2000
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VRE in Denmark 2025
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VIND OG SOL GRON GAS
\ %
— (_\
*
Source: Energinet.dk 5 9 ; ‘ i 0 ‘ i
Udvalgte rekorder for sol- og vindenergi (%p {'f',’ﬂ}
2024 REALISERET: 64,5 2024 REALISERET: 38
80 % i " 102 % ; %\; 121 % o : ;
Sol sterbrug Vind ”L - Sol & vind — Som felge af et vindfattigt ar ligger Andel gren gas realiseres i 2025
6 496 8 256 resultatet under 2024 hajere end 2024
’ ’
MWh MWh

07-05-2026 11:00:00 24-01-2025 17:00:00 26-03-2026 11:00:00

Forbrug _\I%'_ Sterste andel af forbruget Timer i treek hvor produktionen af sol-
i produceret af sol og vind og vindenergi overstiger forbruget
, Dette er indikatorer, vi falger, og udger sdledes ikke et konkret mal for Energinet.
0 . k oL _s
7,468 182 % 67 e
MWh | perioden fra: 02-02-2024 10:00:00
02-02-2026 10:00:00 03-0/-2023 01:00:00 til: 05-02-2024 04:00:00

Arsrekorder Vianedsrekorder Dagsrekorder Periode
8 =]
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HE

District heating with electricity adds flexibility

MW 2024 - Vestdanmark - en uge i april DKK/MWh
5.000 2.250
4.500 2.000
4.000 1.750
3.500 1.500
3.000 - 1.250
2.500 ¢+ - 1.000
2.000 M i —4 = 750
1.500 : S ; ng-
1.000 ¥ ' : ' 250
500 0
0 ’ -250

Mandag Tirsdag Onsdag Torsdag Fredag Lgrdag S¢ndag

I Vind Solceller mwm El til fjernvarme = Alt andet forbrug ------- Spotpris




WIND POWER

E.I,y WindEurOpe EUROPD E NUMBERS

= DailyWind

Daily newsletter in inbox
More info on website

Valid for 24 April 2022
(Sunday)

Source: https://windeurope.org/about-wind/daily- o

wind/
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How much wind was in Europe's electricity yesterday?

16.2% (1,096 GWh)

1 1 0 / onshore wind
. (0 i 4 .9% (334 Gwh)

offshore wind
Share of wind energy

in electricity demand
Share these figures on:

Find out more
BY SHARE OF WIND ENERGY BY WIND ENERGY GENERATION
1. 4p Denmark 1. @ Germany:
2. @ Germany: 2. .%*5 United Kingdom:
3. & united Kingdom: 3. o span:
4. = Netherlands: 4. () nay:
5. : Austria; 5. 1= Denmark:
6. o Spain: 6. () France:
7. 2 Croatia: 7. 4P Sweden:
8. () Beigium: 8. ‘= Netherlands:
9. @ Montenegro: 9. g Poland:
{p Sweden: 10. ) Belgium:
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CAPACITY FACTORS
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GENERATION

CAPACITY FACTORS.

+ Share of wind energy in
electricity demand
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Would you like to receive Daily
Wind Power Numbers every
morning in your inbox?
Subscribe here
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W 30% New to wind power numbers?
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D1l WindEurope
= DailyWind

Daily newsletter in inbox
More info on website

Valid for 20 April 2021
(Tuesday)

Source: https://windeurope.org/about-wind/daily-
wind/

June 2026 DTU Wind

WIND POWER
NUMBERS

EUROPE

How much wind was in Europe's electricity yesterday?

1%

Share of wind energy
in electricity demand

Find out more

BY SHARE OF WIND ENERGY
1. (@ Portugar
2. = Greece:
3. {p Sweden:
4 1= Denmark:
5. ‘= Austria:
6. () Irelana:
7. 4 Finlana:
8. 45 Norway:
9. & Spain:
10. @ Estonia:

onshore wind

offshore wind

Share these figures on:

BY WIND ENERGY GENERATION
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WIND POWER Currently displaying data from 20 April 2021
NUMBERS Looking for archive data?

EUROPE

+ Share of wind energy in
electricity demand

DAILY WIND ENERGY
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YESTERDAY'S TOP 20
COUNTRIES

4.5%
380 GWh
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Would you like to receive Daily
Wind Power Numbers every
morning in your inbox?

oo Subscribe here
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GENERATION
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WIND POWER
NUMBERS

01U WindEurope
z D ai IyWi n d How much wind was in Europe's electricity yesterday?

35.0% (2,443 Gwh)

3 9 8 0 / onshore wind
- 0 l 4 7% (331 cwh)

Daily newsletter in inbox
More info on website

offshore wind
Share of wind energy

in electricity demand
Share these figures on:

Record on 24 Nov 2024
(Sunday)

Find out more

BY SHARE OF WIND ENERGY BY WIND ENERGY GENERATION

1. 4p Denmark 1. @ Germany:

2. @ Portugal 2. {) France:

3. @B Germany: 3 : Spain:

4. : Spain: 4. 1= Sweden:

5 4@ Sweden: 5. g Poland:

6. @ Lithuania: 6. 4p Denmark:
Source: https://windeurope.org/about-wind/daily- 7. & Netherlands 7. @ Porugal
wind/ 8. () Belgium: 8. = Netherlands:

9. () France: 9. {) Belgium:



@ No bad effects on power system security

oo

Despite increase in renewable power
due to the "Energiewende”, Germany

still is ahead in security of supply Sicher versorgt

Peter Franke, vice president of Die Stromversorgung ist in Deutschland so zuverliissig wie in kaum einem
Bundesnetzagentur: "The anderen europiischen Land.

Energiwende and the rising share of Schwelz B

decentralised generation have no Deutschiand [

negative impact on the quality of the

Osterreich | 24

supply.”

[talien a7

Grofibritannien 28

Frankreich 48
Spanien 53
Schweden 69
i Dwrchschnittliche Dawer von Versorgungsurterbrechungan
0 i} 10 jeLletztwerbraucher in Minwtan imJahr 2016

Data source: CEER Benchmarking Report, July 2018

Source: https://www.bmwi-
energiewende.de/EWD/Redaktion/Newsletter/2019/05/Meldung/direkt
-erfasst_infografik.html
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https://www.bmwi-energiewende.de/EWD/Redaktion/Newsletter/2019/05/Meldung/direkt-erfasst_infografik.html
https://www.bmwi-energiewende.de/EWD/Redaktion/Newsletter/2019/05/Meldung/direkt-erfasst_infografik.html
https://www.bmwi-energiewende.de/EWD/Redaktion/Newsletter/2019/05/Meldung/direkt-erfasst_infografik.html
https://www.bmwi-energiewende.de/EWD/Redaktion/Newsletter/2019/05/Meldung/direkt-erfasst_infografik.html
https://www.bmwi-energiewende.de/EWD/Redaktion/Newsletter/2019/05/Meldung/direkt-erfasst_infografik.html
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Climate and air quality benefits of wind and solar

Wind & solar displace fossil fuel generation

I

» United States wind and solar power cut CO2

. . ) Each MWh of wind & sol
emissions by 900 million metric tons from A of wind & solar

generated in the United

2019-2022 SN, States displaced around
0.89 and 0.75 MWh,
respectively, of fossil fuel

» This wind and solar power cut SO2 and NOx ’ fossil output from 2019-2022.

emissions by 1 million metric tons windBsolar

Displaced fossil fuel ganeration reduces amissions.
« These emission reductions provided $249

billion of climate and health benefits Estimated avoided emissions from wind & solar (2019-2022)
915 million tons of 525,000 tons of 468,000 tons of
carbon dioxide nitrogen oxides sulfur dioxide

* The average 2022 climate and health benefits
were $143/MWh (wind) and $100/MWh (solar)

Source: Dev Millstein, Eric O'Shaughnessy, Ryan Wiser: Climate and air quality
benefits of wind and solar generation in the United States from 2019 to 2022. Cell Reduced emissions reduced climate and air quality damaaes
Reports Sustainability 2024. DOI:https://doi.org/10.1016/j.crsus.2024.100105 h}' an estimated $249 billion from Eﬂ{‘:g EEEE 4
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DTU .
== Jobs in Solar Workers Required to Produce the Same

- Amount of Electric Power (2016)

Solar and wind create NATURAL GAS SOLAR

many more jobs per kWh

TRRRRRRRAN
PRRRRDRRPD
PRRRRRPRRD
PRERRRTRRS
AL LAL;
rRRRRRRRAD
PRRRRRRRAD
PRRRRRRDP (20

Solar creates more in
construction, about same
per kWh in operation,
wind is less than half
(Jacobsen et al 2017)

-
Data source: US DoE. Graphics from Souree: US Bepartment of Energy Carpe Diem ,£= I

American Enterprise Institute.



https://web.stanford.edu/group/efmh/jacobson/Articles/I/CountriesWWS.pdf
http://www.aei.org/publication/inconvenient-energy-fact-it-takes-79-solar-workers-to-produce-same-amount-of-electric-power-as-one-coal-worker/
http://www.aei.org/publication/inconvenient-energy-fact-it-takes-79-solar-workers-to-produce-same-amount-of-electric-power-as-one-coal-worker/
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Conclusions

I

100% renewables is possible!

Wind energy is quite impressive engineering
The coordination of variable generation with demand and storage (and a bit of
dispatchable power) is paramount
We can still get to 2 degC warming

100PercentRenewableslsPossible
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Further resources

oo

oo

oo
- ElectricityMap.org Zmitoofr?gpehdy
* [IEAWind.org / IEA.org

» Gregor Giebel, grgi@dtu.dk * IRENA.org

* Energinet.dk
* Ens.dk

* WindEurope.org
* ElA.gov/outlooks/ieo/
* GlobalWindAtlas.info

Ta k fO r * Vindenergi.dtu.dk
opmaerksomheden!

sustainabledevelopment.un.org

« www.coursera.org/learn/wind-energy

100PercentRenewableslsPossible
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