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Symbiotic Renewable Energy Supply for Europe

How to meet climate targets with a technology-agnostic approach

Bad Honnef, June 19th 2023
Prof. Dr. Stefan Niessen MBA
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Agenda

« Cost-minimal path to decarbonization of the EU

« Cost-minimal path to decarbonization of Germany

« Concrete examples for the decarbonization of sites
a) SIEMENS factory at Amberg
b) Factory for Electric Vehicles

c) Bremerhaven Harbor
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How to decarbonize the EU -

+NO +CH
+UK +Balkan

A cost-optimal implementation of the RePower EU scenario will look like this:

Generation: ramp-up of renewables Consumption: prosumer swarms -> dynamics & flexibilities
Installed generation capacity in GW,
3500 : ome g ! esidential Heat Pump
3000
2500
2000 3 ' 2023 2025 2027 2030 203 2045 ) 02 2045 : 027 2030 203
1500 | - . w
: ' small PV Battery - | Thermal Storage ?
1000 - 5
500 — = _j :
gas -
0
2023 2025 2027 2030
Coal Oil
Gas BIO / MSW
® Wind Onshore m Wind Offshore

Assets with fixed” demand / generation » ‘Flexible’ assets enabling smart control
Cost optimal projection - own calculation
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Security of supply needs to be evaluated on

Germany profits from its central location

Avg. electricity price — EEX Spot Market?
2023-Q1DE:114 €/ MWh

118.35 129.09
113.74

124.33
124.90
130.62

129.89
Usdocs 124.78

£30.91

127.36 125.55
124.72

1) source [1] FhG - www.energy-charts
2) see [2] ENTSO-e TYNDP 2022 Target cross border cap
+64 GW till 2030 and +132 GW till 2040
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a European level

Future wind hubs at sea

several Hubs in North & Baltic Sea are planned

HVDC Cable

Power Hub

Wind Farm

3) source [3] Adv Applied Energies 2022 M.Jansen
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http://www.energy-charts/
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Germany: nuclear and coal phase-out require even more drastic changes

o
\eot o Coal
. W°
900 oil
800 Gas
700 NPP
600 B Hydrogen
500 M Bio / Waste
B Hydro
400
® Wind ON
300
B Wind OFF
2 200 - @
g 1> mPV
2
é B W Export
a'd
9 0
S 100 2023 2025 2027 2030 2035 2040 2045
S -

1)  Note: Gas includes Gas CHPg, H2 includes H2 FC CHPs and bio / Waste includes Biogas CHPs
2)  RESincludes Hydro, Biomass, Waste, Hydrogen, Geothermal, PV and Wind; total: sum of all generation plus net. imports
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Firm capacity in Germany 2018
Firm capacity in GW according to Netzentwicklungsplan & Kohlekommission

Other RE
I Biomass
B Photovoltaics
Bl Wind Offshore
) B Wind Onshore
: B Hydro
(2) 97 = Pumped Hydro
N — Other (excl. RE
5_-112 _——— i_lé'_ - 482 peak load? Reser\(/es )

3 8 2 M oi

24 23 Nuclear
19 17 Gas

Hard Coal

2018 Renewables Security 2018
margin? Conventional

+Storage

Capacity

1) Security margin: built by “Sicherheitsbereitschaft” and “Netzreserve”; assumed to be stable (9 GW) until 2030 including “Kapazitatsreserve” from 2019 onwards.
2) Current peak load in Germany / Peak in 2035 DEKASIm.
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Firm capacity in Germany 2023
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Firm capacity in GW according to Netzentwicklungsplan & Kohlekommission

201
g
2022: Phasing out
nuclear energy
: )
0
0 97 L
5 5 2 ,,,,, N 1 1
L. O —_]] = —— — —4 75
-= BT -
-22 » ok
24 23 A—
24
19 17
14
22 20 14
2018 Renewables Security 2018 2018-2023 2023
Market Cap margin? Conventional Net Conventional
+Storage differences +Storage
Capacity Capacity

Other RE
I Biomass
I rhotovoltaics
Bl Wind Offshore
B Wind Onshore
B Hydro

Pumped Hydro
I Other (excl. RE)

- 482 Reserves

M oil

Nuclear

Gas

Lignite

Hard Coal
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Firm capacity in Germany 2035 - or already 2030
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Firm capacity in GW according to Netzentwicklungsplan & Kohlekommission

20L Other RE
8 I Biomass
I rhotovoltaics
Il wind Offshore
. B Wind Onshore
0 B Hydro
0 97 Pumped Hydro
1
3 2 o mmm  SSfi_ . < 1 Other (excl. RE)
— NS — | 0— — — A —L - — 75— — = — —f -
s R 'E' ,,,,,,,,,,,,,,,,, Reserves
-22 o 2 oil
24 _n_ 49
2 B EEEEe r——— Nuclear
24 -26 " -l
19 17 14 [] 9 Gas
Hard Coal
2018 Renewables Security 2018 2018-2023 2023 2023-2035 2035
Market Cap margin? Conventional Net Conventional Net Conventional
+Storage differences +Storage differences +Storage
Capacity Capacity Capacity
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Different modes of energy and technologies for conversion

electrical grid .
electrical, elctro-

chemical storages
combined heat-and-power
desalination

power plant
offset

pipelines power-
~ to-X desalination
resistive
eEE el heater solar compressio
heat thermal \ chiller
pump

combined heat-and-power

burner A

water piping
system

water storage

Ice-storage integrated desalination

Al district cooling
district heating
heat :
ice or cold water storage
storage
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Example: fle

xibility from battery electric vehicles

Charging power and flexiblity potential of 11.3 mio BEV for 4 exemplary days from agent-based simulation

!

8
Thursday Friday Saturday Sunday 6.3 GW
maximum
— shiftable
= 6 1 L
) power
B B=
=
S4
(@)
=
2
©
6  JR G — I I
' ” I” I I“ [ IIIII”
0 ;::_Illnlll IIII.I-_-l.l__III III.I-!: _____ II I l.l_:---=-l
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94
Time
mmm Charging home mmm Charging work Delay >12h Delay 10-12h
s Delay 7-9h = Delay 4-6h Delay <4h Total charging power = 100%
Source: The Contribution of Carbon-Optimized Battery Electric Vehicle Charging to the Decarbonization of a Multi-Modal Energy System
D. Husarek, S. Paulus, M. Huber, M. Metzger, S. Niessen
4th E-Mobility Power System Integration Symposium, 3 November 2020 https://mobilityintegrationsymposium.org/downloads/
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https://mobilityintegrationsymposium.org/downloads/

example: flexible Industrial processes
Siemensstadt Berlin

peak load

SIEMENS
Gasturbinenwerk

12,89 MW

SIEMENS
Schaltwerk

SIEMENS
MeRgerdatewerk

SIEMENS
Dynamowerk
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example: flexible Industrial processes
Siemensstadt Berlin

SIEMENS Energy
Gasturbinenwerk

29 Processes
in four
production
SIEMENS facilies can be
Schaltwerk flexibilized

SIEMENS
MeRgeratewerk

SIEMENS
Dynamowerk
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0,05 MW
0,95 MW

6,79 MW

11,99 MW

0,98 MW
0,40 MW
0,0003 MW

0,2 MW
0,98 MW

cooling storage
A/C

balancing machines

test field (HV)

oven
air pressure
charging station

soldering

molding machines
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example: flexibility from building heating
student residency in Wien Aspern

rooftop-PV
221 kW

warm floor
water heating

smart meter
public grid fresh smart
water ventilation
module

battery
150kWh

building energy
management system
(connected to all assets)

rgy system

https://www.ascr.at/wp-content/uploads/2017/11/ASCR Folder 2017 OK deutsch Iow.comEressed.ﬁdf
http://sk.porr-group.com/uploads/tx mmc porr references/pdf/11177 de.pdf
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http://sk.porr-group.com/uploads/tx_mmc_porr_references/pdf/11177_de.pdf

example: flexibility from building heating
student residency in Wien Aspern

® Measured power PCC Reference power PCC

=3
.
Q
3
O
(a8

short-term response
to grid operator
20000 request

-30000

-35571.805
16.10. 10:30 16.10. 10:53 16.10. 11:10 16.10. 11:30

Student dormitory Automated reaction to short-term requests from dispatch center

PCC: point of common coupling SIEMENS
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Elektrolysekapazitaten 2030

Geplante Wasserstofferzeugungsprojekte

A0
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400

Leitstung Einzelprojekte [MW]

200

Elektrolyseprojekte in Deutschland

In Betrieb

(MW

Im Bau

FID ausstehend

Leistung

Machbarkeitsstudie lauft
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® InPlanung

um

Ausbaustufe 2
Ausbaustufe 3
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Stand: Juni 2022

Source: Acatech / Dechema Wasserstoffkompass
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Die gezeigten Elektrolyseprojekte
sind nach (geplantem) Zeitpunkt
der Inbetriebnahme und Leistung
dargestellt. Es konnten nur
Projekte mit bekannter Leistung
abgebildet werden.

Die kumulierte Leistung aller
aufgenommenen Projekte ist als
Linie dargestellt und auf der
rechten Achse aufgetragen.

hsentation (wasserstoff-kompass.de SI E M E N S


https://www.wasserstoff-kompass.de/fileadmin/user_upload/img/news-und-media/dokumente/Elektrolysekapazitaeten.pdf
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mental experiment: flexibilization of demand side PV

off-shore Wind

on-shore Wind

@
N
2 =

g 1
YA future electrical heating
5 : [ 12 mio eCars)

— e 5 ) — — — WM clectrolysers?)
N3 112 A Industry flexibilization
. electrical heating today

19 9
22
2018 Renewables Security 2018 2018-2023 2023 2023-2035 2035

Market Cap margin? Conventional Net Conventional Net Conventional

+Storage differences +Storage differences +Storage
Capacity Capacity Capacity
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Context-aware, cooperative units in an intelligent distribution grid
allow to generate 30% of the consumption locally by 2045

Prosumer Swarms on feeder level - Need for intelligent distribution grids

Low voltage distribution system

MV system

House (w PV; w/o PV)

eCar Home Charging

Electric Storage

Power-to-Heat (Heat Pump)
Cogenerating Heat & Power Plant (CHP)
Grid (electric, heating)

ICT communication; (advanced, simple)
Measurement
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Smart control of decentral actors in the low voltage grid
buys essential time needed for grid expansion

Distribution grids are changing:

power supply:

5-22 kW 4 kW,
71T 1 L 3
@? 6.6 KWp sy 11 kw
@ 4 KW / 8 KWh
2023 2030 —

Stress on grid increases due to
decentral generation and increased
consumption

but
Battery systems, PV and smart
utilization of demand side
management can decrease the
electricity flow across MV/LV
substations significantly
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Increased stress on grid feeders:

1000 kW
from grid

o MY
\@) @

@
400 KW

to grid

=
<
o
[(>]
o
—

Estimated one-day summer net load

Net load 2023
—— Net load 2030

Leveraging decentral flexibility:

% 275 kW™
from grid

; 75 KW
to grid

Load [kW]

Increased self-sufficiency one-day summer net load of Schutterwald

1200
Net load 2023

—— Net load 2030
800 4 —— Potenital smart net load 2030

12:00
Time [h]

*) exemplary numbers

SIEMENS



Sustainability Lighthouse: Siemens Factory at Amberg

13 January 20

By Gunter Beitinger: —

The Journey to a
Sustainability Lighthouse
awarded by the World
Economic Forum puchese =

Energy efficiency

\. g
A

s

v Photovoltaics &
Production Heat Pumps
5
@
=
?1
O
(3] *
Cooling system m
optimzation ©
A S— Use of green'gay =

certificates
aseline 2022 2023 20 2025 2030
Gradual reduction of CO, emissions I
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Optimal setup of onsite energy systems with a holistic digital twin

new potential assets

(example)

SIEMENS
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Simultaneous optimization of design and operation

Minimize total expenditures, carbon dioxide emissions, and/or primary energy consumption by ...

... (discrete) assets selection ... (economic) dispatch of assets in multi-modal energy system

=
>
=
%}
‘=
i=
O
o
L

5300 5400 5500
Time [h]

Electric load Chiller

example example

SIEMENS
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Greenfield automotive factory

Total CAPEX and OPEX

I
+19.8%

Customer business
as usual projection

"Best guess" green factory
w/o optimization

Siemens optimized -24,6%
scenario 1

Siemens optimized .
scenario 2 -25,2%

Siemens optimized
scenario 3

m CAPEX m OPEX

v' CO,-free green factory for electric vehicles

v 25% lower TOTEX for digitally optimized design
v' CAPEX compensates OPEX
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Sea harbor
Bremerhaven
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Sea Harbor decarbonization

Multi-stakeholder (>10),
multi-modal (power, heat,
cold, mobility)

7 6 % fossil fuels

Total demand of

350 GWh/a

Power line Container crane

Grid Power line Company 1

Sea Harbor 2018

Power line Other
Wind Curtailement Company 2

Company 3 Power line

|

[ Fossilfuels [ Electricity [ Heat
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Sea Harbor decarbonization

Digital twin of harbor with load profiles 990/ can be electrified
Concept for decarbonization pathway incl. business models 0] Additional potential identified

Power line Company 1
TR TR
Company 2

o
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[ Fossilfuels [ Electricity [ Heat
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= to maintain security of supply

requires more and more

 measurements and control
decentral computing
communication
semiconductors
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