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u Abschlussfeier der Technischen Fakultat Erlangen, February 7t 2025

— Friedrich-Alexander-Universitat
‘ E Erlangen-Nirnberg

1. The battle against windmills

e The German government's “expansion plan”

o Attack by the Black Lords of Bavaria

e The ‘Ampel’ empire strikes back...

2. Myths of the energy transition

e The myth of expensive wind and expensive sun
e The myth of the useless heat pump
e The myth of the necessary “technological openness”

3. The spectre of the “Dunkelflaute”

* Another FAU electricity price study: the FAU Biogas Study 2024
* Why we need much more storage and reserves

tl. What electricity will soon cost
* Why hydrogen is causing electricity prices to rise

Folie 2
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Energy Wars

]. The battle against windmills

* The German government's “expansion plan”

(0
* Attack by the Black Lords of Bavaria / \
* The ‘Ampel empire strikes back...

Folie 3
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The situation on
the German

Installed capacity

PR 60%
* Conventional power plants are
: 50%
outdated, gas-fired power plants were
unprofitable and were not built
* The EEG 2000 was unimagined o Blomass_ ;
successful "'
30%
Photovoltaik
20%
10% /,/s
n hydro

rolie 4 1990 2000 2010 2020
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The energy transition was unexpectedly successful...

Y% The energy transition
is being mobbed"”

Prof. Dr. Claudia Kemfert,

Deutschen Institut fiir
Wirtschaftsforschung (DIW Berlin)
Ludwig-Erhard-Symposium, Niirnberg, 6.11.2015
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.| saw a solar field the
other day that looked
like it took up half the

desert. It's all steel and
glass and wires and

. looks like hell. And you
see rabbits, they get
caught in it, for the

environmentalists it's

just terrible.!”
Donald J. Trump, Oktober 2024




illner

| even believe that if
we do it right, we will one
day be able to dismantle
the wind turbines. Because
they are ugly and because
they don't fit into
the landscape

Friedrich Merz, 7. November 2024
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The situation on SE e )
the German Installed capacity
* 60% &
electricity market As of 2020 |
* Conventional power plants are -
outdated, gas-fired power plants were )

unprofitable and were not built

* The EEG 2000 was unimagined
successful and was massively

slowed down with the EEG 2012 30%
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The Bavarian approach - ,10H rule

The privileged status of wind turbines in outdoor areas depends on them maintaining
a minimum distance of ten times their height from protected residential buildings (10
H lation, Art. 82 Para. 1 BayBO

regulation, see Ar ara ayBO) j: . =

Number of newly installed wind turbines in Bavaria

Entry into force 10H-Regel 17.11.2014
180 + /
- 1 — L
1 . 4 MW und groRer
=] @ 3bis<amw
100 - —
2 bis < 3 MW
80 1
60

factor

40 4 ﬂl

2

o
3
&

0.05

N\ G - )
gy 1 1 1001 SN mEE- 100

Folie 9 https://www.e*’?egrﬁieatlas.bé%&.de/therﬁgf\ﬁind/wind%ie_wissewagten 2014 2018 2022
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The situation on
the German
electricity market

* Conventional power plants are
outdated, gas-fired power plants were
unprofitable and were not built

* The EEG 2000 was unimagined
successful and was only massively
slowed down with the EEG 2012

* “Easter package” 2022 increases
renewables expansion path to 807% of
electricity generation by 2030

Folie ]0

Department Chemie- und Bioingenieurwesen (CBI) e Lehrstuhl fiir Energieverfahrenstechnik e Prof. Dr.-Ing. JUFGEN Karl

_, Installed capacity

as of 2020

50%
40%
30%
20%

10%

]

ersitat

expansion It.

§4 EEG 2014
(EE: 90 GW — 188 GW)

990

Biomass

Photovoltaik

o —

2000

hydro

2010

2020 2030
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Mit diesen Zahlen ist nicht
nur gine technische
Debatte verbunden,
sondern gine
gesellschaftliche.‘

Robert Habeck

\desnunister Tuf Wirtschalt und

Bundesminister Robert Habeck, April 67 2022,
source: bmwk.de/Twitter

“Easter package® 2022

* Expansion targets drastically revised upwards

* Increasing electricity demand assumed
for the first time

* Bavaria had to soften up the 10H Rule
* PV exceeds plans, wind lags behind so far

Foiie 11

— Friedrich-Alexander-Universitat
‘ : Erlangen-Nirnberg
— /AN

Expansion Wind and Photovoltaic
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Wind anLand I Wind auf See

Quelle: Arbeitsgruppe Erneverbare Energien-Statistik (AGEE-Stat)

Photovoltaik
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: . ™ expansion It.
The situation on § EEG 2014
9 (EE: 90 GW — 188 GW)

/ xpansion “Osterpaket” 202
the German

I (EE: 132 GW — 376 GW)

.. _, Installed capacity
electricity market ] I 4
* Conventional power plants are
: 50%
outdated, gas-fired power plants were
unprofitable and were not built
* The EEG 2000 was unimagined w0 Biomass
successful and was only massively
slowed down with the EEG 2012 30%
* “Faster package” 2022 increases Photovoltaik
renewables expansion path to 80% of 20%
electricity generation by 2030 /7
10%
o, TR A
Fae 12 1990 2000 2010 2020 2030
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The energy transition is still a long way from reaching its goal
(and the spectre of the Dunkelflaute unfortunately does exist...)
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Myths and Facts

*The myt

*The myt

*The myt

Folie ]Ll
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« Myths of the energy transition

N of the necessary “technological openness

T Friedrich-Alexander-Universitat
— l Erlangen-Nirnberg
—//—\

«Ich glaube sogar, dass wir,

WEenn wir es richtig machen,

s s JIch habe neulich eip
o 2 Solarfeld gesehen,
Vit it Esist alles aus Stahl
st e Yo i ; . A | 'Glas und Drahten, es
nicht in die Landschaft : 2 s'::’t hg,ligm. r:an
oo g SIENT Kaninchen din
: chu . ﬂs'ich darin ver!’g'r{qg'nl‘.
Fiir Unw.'eltschi}rm ist
das schrecklich!®

N of expensive wind and expensive sun

N of the useless heat pump

n

www.evt.cbi.uni-erlangen.de
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37,575 ct/kWh
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Energy transition myth:

“Wind and PV increase electricity prices”

. . |
* Inreality, wind and PV ~  Ckwh Ef
are lowering electricity prices § .
- S PHELIX Baseload | March 2011: Fukushima
° Thisis due to the ; — IUIuartaIsrﬁitt?IV\{grtl August 2011: shut down
“merit order effect:” S g 8 of 17 nuclear plants
the more S Juli 2008: 1
renewables, the s 0 crude oil > 140 $/barrel 03 2024
lower the wholesale S April 2006: p— - 7,599 cukiih
: . =3 g Merit Order -
price for electricity = | CO,Certificates > 30 €/t
c 79 | Py Effect
The gas price is g i
responsible for 2 | 022020
. . lectricit 3 2 2,026 ct/kWh
riSing eiectricity = 56,9%
pr|CES! S & & & & O & & & ¢ Re%gl]ewgbles
Folie 15 S
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The situation Final energy demand
 Myths and Facts Renewable heat in the heating sector’2019
Quelle: BMWi EnergiedatenStand 27.09.2021
on ttfe German .
heating market | Renewablepower 12.2% s

process heat

* The heat supply is ¥ dependent on power
fossil natural gas and heating oil others

* 3o far, the share of renewable District heat »
energies in the heating sector is Natiural gas

still far too low AN
o 45,0

—
ﬁh\—///

Folie ]6
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Energy transition myth:
.Heat pumps do not work in urban and old buildings *

* The efficiency of a
heat pump (COP)
depends only on the
temperature range

* With “good” heat sources, f
the heat pump can also 3 - P
M

Heat consumer

upper pressure level

supply temperatures
around or above 60 °C

") Geothermal energy, waste lower pressure level
water, stored low-temperature I
heat, industrial waste heat... .

Heat source Q,-n COPheat pump = Qout =g Jour —TIN
I:)el Tout

“coefficient of performance”

Folie 17
Department Chemie- und Bioingenieurwesen (CBI) e Lehrstuhl fur Energieverfahrenstechnik e Prof. Dr.-Ing. Jurgen'l
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The situation
on the German
heating market

* The heat supply is % dependent on
fossil natural gas and heating oil

ca. 0,5 kWh,,

Myths and Fact
Useful heat from -
hydrogen Useful heat

3-5 kWh,,

* So far, the share of renewable

Useful heat with a f HHHHHHHWHHW
energies in the heating sector is heat pump Useful heat UL
still far too low

Heat Productign
* Electrification of the heating sector

[7
is the order of the day! x 'o

. ... and hydrogen is not an alternative!

Department Chemie- und Bioingenieurwesen (CBI) e Lehrstuhl fiir Energieverfahrenstechnik e Prof. Dr.-Ing. Jiirgen Karl www.evt.chi.uni-erlangen.de
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NV —
ine siuatior 2023
7,3 %

https://www.umweltbundesamt.de/daten/energie/e

on t h A G erman energem v
mobility sector

* The mobility sector still
depends to 93% on fossil
gasoline, diesel and
kerosene

2000

o BT A ot N e

H L= .»\’ 1 “» 2 - "
Folie 19 e b D E AT
Department Chemie- und Bioingenieurwesen ( —enrstunt iu? Eug.cvt. raTreToTe T
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Typical operating ~ Reduction factor

reserve? according to
: : : : 300 VDE 0298-4
* Short-term overloading of cables in the Typical operating range?  20-50% 0307
% i 5 3 1 - (0
distribution grid does not lead to 10 | \ i T
immediate failure but to accelerated N [ O&
° ! TN 1
ageing of the cables 1| Calculated &
: 3 N 1| lifetime [/ 10 -
* The operating reserves are usually s 5| [>20.000years \\Ex 36 years =
sufficiently high that failures do not have ol _ A
to be expected immediately! : max. operating temperature acgowo / .-
' Lo omvororee0:90°C X S
* Risks can be minimized through 5 )l,r h— 5
° ° . : { ’ .v’/ :—_:_
intelligent management of the charging " e k=
infrastructure (and market incentives) R . 3
(L) 51() I(l)() | 30 ‘

"onductor curre :
S. Bottler, T. Blenk and C. Weind|, "An approach for determining load-dependent monetary Conductor current lg (A)

assessment factors for PILC and XLPE cables within a load flow simulation," 2022 Global Energy
rence (GEC) 64, doi: 10.1109/GEC55014.2022.9986564.

en Karl www.evt.chi.uni-erlangen.de
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Die Situation 2023
1,3

° https://www.umweltbundesamt.de/daten/energie/e

. rneuerbare-energie-im-verkehr#ferneuerbare-
MythS and Facts I I l e u S C e n energien-im-verkehr
Qe ee

Mobilitatssektor

* Der Mobilitatssektor
hangt noch hangt noch zu
hangt zu 93% von
fossilem Benzin, Diesel
und Kerosin ab

2000

2010

o .. and hydrogen is not an alternative either!
Department Chemie- und Bioingenieurwesen ( ceh V.Jn;%}?ﬁﬁ;.cvt. o u“_ﬂw .
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... but please not where it's
obviously stupig!

the worst energy transition myth:

.We need technological openness..."

* Passenger cars with hydrogen or e-fuels need 3-6 times as much electricity as battery vehicles...

e-fuels

~ 40
5-6 e = 19% hydrogen

Z@Z@? [ STam Neoe = 29%

Factor — >

Elektro mobility

3-4 “ s > 80%

Folie 22
Department Chemie- und Bioingenieurwesen (CBI) o Lehrstuhl fiir Energieverfahrenstechnik e Prof. Dr.-Ing. Jiirgen Karl www.evt.chi.uni-erlangen.de




The energy transition is still a long way from reaching its goal
(and the spectre of the Dunkelflaute unfortunately does exist...)

g / c—

D Flectrification is the order of the day - and “technology openness’
~__sometimes simply doesn't make sense!

:—’{ B -
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The ,Dunkelflaute”

3. The spectre of the “Dunkelflaute”
* Another FAU electricity price study: the FAU Biogas Study 2024

* Why we need much more storage and reserves

Folie 24
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The future

situation on the
electricity market

Key problem:

* Sector coupling (and electrolysis)
will massively increase the demand
for electricity in Germany

-
Download of the stud)/v\

Folie 25 |
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Friedrich-Alexander-Universitat

| | ¥ A

1200 TWH Reference
1000 TWh
800 TWh
s00 Twnh demand  generation
Netto-Import 448 TWh
T Pum psp eicher
400 TWh 47 TWh Photovoltaik
Wind offshore
Wind onshore
Biomasse
200 Twh - Laufwasser
Erdgas
B Steinkohle
0 TWh Emnkohle

--------------------- Warme-

Netzentwicklungs
plan 2037/2045

Szenario
A 2037

demand generation

990 twn

= Pumpspeicher

Batteriespeicher — - - ~~ Batteriespeicher

Elektrolyse NlRATH

Pumpspeicher

SITTWhH Photovoltaik
Power-to-heat IR:EAL

Elektromobilitat SRR

65 TW
Import B

Export
TIU TWh

Wind offshore

Wind onshore

Biomasse/Abfall

i /- Laufwasser
[ |

— Erdgas/Wasserstoff

ISTECHMTR = FTOT D=y~ IurgerrRan
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The real challenge:

"; AU gﬁgg:::ﬁ',g:‘:;grzrﬂniversitét
«Die Dunkelflaute®

Especially in winter, longer periods with little PV and wind generation occur regularly (“Dunkelflauten”)
* Historical data shows: “Dunkelflauten” last up to 280 hours or 160 “full load hours”

2023 Power
300% consum\p:ion cumulated deficit
g KD = 80,8 h
‘_g Il \ \
s 200% lated defici
°E" cumKuDate”g 1ehICI'[ l verage
;100/ | I J power P
1 I | | \ \ | \ | \ k| Il \ il ‘ | r
S—— i | »\ \ | ] M I W u ) “ ”\V rJn " M M M W J N Il b ) M ‘ H J H i L ’ M \ . /\.
: l‘ ”\‘ l “Dunkelflaute”
. . l[ January February ~ March | April  May  June July  August September October November December
ok \ Generation from wind and PV
emie- und Bioinqen;éu‘rv—v;sen(CBl) o Lehrstuhl fur Energieverfahrenstechnik e Prof. Dr.-Ing. Jirgen Karl

www.evt.chi.uni-erlangen.de
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(= A M il EisiEniiier st
S|tuat|0n on the Dunkelflaute Projection of the “Dunkelflaute”
I t o t 48. Kalenderwoche B Others calendar week 48th
electricl y 2023 Natural gas 2030
k o 2030 B coal
mal' Et |n ] lignite
- - PV Import Defici
* If it is not possible to umped fydro or DSM eficit
build enough reserve 100 g Wind offshore 400 . CEr 49 ow
Run-off hydro
power plants, the

Export Import ™ Biomass

power supply will
become thrilling...

\ TR

tae A
o [
AW

Mon Tue Wed Thu Fri Sat Son Mon Tue Wed Thu Fri Sat Son

Stromerzeugung in GW

cAU |
Download der Studie ‘v\

Folie 27 1\.
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T Friedrich-Alexander-Universitat
E Erlangen-Nirnberg

Situation on the

electricity with reserve
marKEt in 2030 sst”ra' gas Projection of the “Dunkelflaute” power plants
B pymped hydro calendar week 48
WSERE « If it is not possible to Windonshore () 7]
build enough reserve ‘évdgdo‘;;fﬁ;‘[‘;:s Import  y_sprinter
power plants, the Biomass or DSM H, Hybridkraftwerke
power supply will 100 [ \ '\ H;-Ready”
become thrilling... \/ Kraftwerke
80 / ._Biogas
* After the coal phase-out, almost half of the electricity
would have to be imported at times without reserve power i\,
60 © “ A A\, M/
plants or saved through DSM measures/shutdowns! | \u W 4 \\\
Download der Studie 40 \ } \ /
We still need a lot of reserve y y, | N
power plants ¥
oo, o 0
e (and storage facilities)... fon Tue Wed Thu i Sat Sor
Folie

Department Chemie- und Bioingenieurwesen (CBI) o Lehrstuhl fiir Energieverfahrenstechnik e Prof. Dr.-Ing. Jiirgen Karl www.evt.chi.uni-erlangen.de
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* We need enormous quantities of green hydrogen and green hydrogen derivatives for energy-intensive

industry, shipping and aviation and to secure the “Dunkelflaute”
Maritime

transportation

oD
Steel making Zlij \' ..
H2

rﬁ Electricity storage anc

Reserve power plants

K& FTOT. DT-=TNy- JUTgeTT Kar WWW.evt.chi.uni-erlangen.de

,,GreenHydroqenn Plastics and %-
chemical industry
Folie 29
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The energy transition is still a long way from reaching its goal and
the spectre of the Dunkelflaute unfortunately does exist...

/

Electrification is the order of the day - and “technology openness”
sometimes S|mply doesnt make sense!

Above all, the energy transition needs storage grld expansion and
reserve power plants - for renewable gases
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« What electricity will soon cost

*Why hydrogen is causing electricity prices to rise

www.evt.chi.uni-erlangen.de

Folie 31
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That costs energy today

Wholesale prices in the 4th quarter of 2023

° The price of gas currently determines the

price of electricity

What power costs

fossil
Gas

power
8,20t/kWh

4,7 ct/kWh

-
o

https:/https://www.bdew.de/service/daten-und-grafiken/bdew-gaspreisanalyse/

https://www.epexspot.com/
https://www.eex-transparency.com/de/wasserstoff/deutschland

Friedrich-Alexander-Universitat
Erlangen-Nirnberg

m

EAU

Green e\
hydrogen AN
23,3 ct/kWh

-
-~
LS
-
L
A - -
—~—
-
LS
LT

Assumptions: 1, =
50%, electricity price
10 ct/kWh

2/ 3 OPEX

Assumptions: 3000 €/kW, 3000 h/a,
4% interest, 12 years

1
S~—a
-

Folie 32
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That costs energy maybe tomorrow?

* The price of gas currently determines the Green

price of electricity hydrogen
* With enough renewables, the price of electricity

will finally become independent of the gas price
fossil

power
8,2 ctrionn f

S
———
—~——
-
= oy

-
------l

Nspreisanalyse/
. P

1

' QO
N7

\

1

1

1
>

1
1
1
-
1

https:/https://www.bdew.de/service/daten-und-gr:

2/ 3 UPEX éaiznelg;?isr;ige;ice

10 ct/kWh

Assumptions: 3000 €/kW, 3000 h/a,
4% interest, 12 years

fll3 CAPEX /

y-

1
S~—a
-

https://www.eex-transparency.com/de/wasserstoff/deutschland

https://www.epexspot.com/

Folie 33
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Influence of hydrogen power plants on future
electricity prices

=A

U
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* Without reserve power
plants (with sufficient
imports), the lectricity
price will fall

in ct/kWh

° with reserve power
plants, the exchange
price will rise to
18 ct/kWh,, by 2050

mittlerer Strompreis im GroBhandel
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Projection with
the assumptions of the NEP
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JMerit-Order“-Effect

* Only the current “marginal costs” of
electricity generation count on the
electricity exchange

* When there is a surplus of electricity
(with a lot of wind and PV), electricity
becomes cheap

* In the event of a power shortage (e.g.
“Dunkelflaute”), the power becomes
more expensive

Gag,
The last power plant
required determines the
exchange price

=AU

Friedrich- A' ander-Universitat

nberg

(=
o
S
D.:
e
S
wi
1
o
ol
1
i
40 Price i
- 5
1
= I
o :
~~
5 30 !
= i
@ i
© I
5 |
1
— 2[] 1
= i
g i
1
>
1
ctgu @ 1 o
]U c\g Il | ]
= — = =3 c
'DQ' O .= o | =
= 0 = o
c o > — 1
= S §E5 ol 2
(g0 @ 1 o~
0 = o c_..)l o

0 10000 20000

50000 40000

Power supply in MW,

50000 60000 70000

Department Chemie- und Bioingenieurwesen (CBI) e Lehrstuhl fiir Energieverfahrenstechnik e Prof. Dr.-Ing. Jiirgen Karl

www.evt.chi.uni-erlangen.de



u Abschlussfeier der Technischen Fakultat Erlangen, February 7t 2025

How can the future rise in electricity prices be
slowed down or avoided?

What power costs

The most important
parameters for the
future electricity price
are:

* the import situation
* the price of hydrogen

* the electricity
consumption

* the wind and PV
. z79eneration
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Erlangen-Nirnberg
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Scenario:
Less power consumption

with H, reserve power plants

Gas price bis 2037
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Scenario:
more wind and PV

25
with H, reserve power plants

Gas price 2037

15

~——e
e

e
.. 'Osterpaket” +50%

-~
—

/ SSSEasE

Department Chemie- und Bioingenieurwesen (CBI) e Lehrstuhl fiir Energieverfahrenstechnik e Prof. Dr.-Ing. Jiirgen Karl

www.evt.chi.uni-erlangen.de




_/_/7/ e—

D Electrification is the order of the day - and “technology openness”
" sometimes simply doesn't make sense!

Above all, the energy transition needs storage, grid expansion and
reserve power plants - for renewable gases

Electricity will stay expensive and a real “Strompreishremse” will
only work with much more wind and photovoltaics
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