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Siemens snap shot SIEMENS
lug.enuify«for(nfe.

* Global Powerhouse focusing on the areas of electrification,
automation, digitalization

* Producer of energy-efficient, resource savings
technologies

 Pioneer in infrastructure and industrial solutions
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Vision on the Energy System Transformation SIEMENS

Ingenuily for bife
Innovation
Outlook
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Megatrends... SIEMENS
Our world is being reshaped by human activity lngenuity for life

Digitalization Globalization

.
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Megatrends... SIEMENS

Our world is being reshaped by human activity lngenuity for life
Demographic Change Digitalization Globalization
>20% of global population over the age 50bn loT devices connected by 2020 Global trade will increase

of 60 in 2050 4-fold until 2050 y
21bn 21% 50bn

0.9b V o 4x v Q
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2015 2050

—

2018 2050

Urbanization Climate Change

~70% of global population will live in
cities by 2050

Solar & wind power generation will
increase six-fold until 2050 strongly

. Urban population . driving electrifi catlon *
70% 66% | \-..
&% \ 6X 4
ERS Rural population R
1950 2050 2012 2016 2020 2018 2050
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Major factors are driving SIEMENS
the transformation of energy systems lngenuity for Uife

Decarbonization

v From fossil to renewable & storage
Electrification of heat & transport (e-Mobility)
Energy Efficiency

Decentralization

i : From centralized power generation to
B 0110001000103 0130001011071 | 00 1001010001000101 10011 consumers which are becoming prosumers

0010 001011001100011001010001000101100

0011000101101110 0 11‘3001010%% ‘
00110001011 . 00030 93000101 1010100010001T__-'oowwoomoom 1o0 Distributed generation ( PV, Storage)
110001 % ' H 11
@"10

01010001000 001 0010
1

010001006‘10110 Distributed Energy Management
10111010 . g

Digitalization

"

-a New energy services by the digital utilities &
industries

Intelligent Connectivity, edge devices
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With impact on system operation and consumer SIEMENS
’h&%ni\‘y-{or(n‘fe_

Political Targets:

1. Environment

(e. g. Decarbonization) D
2. Competitiveness
3. Security (e. g. Resiliency)

3

Breakthrough Technologies
1. Wind- and PV Power Gen.

2. Energy Storage (Li-lon)
3. Digitalization D
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The Energy Revolution: Big Picture SIEMENS
’h&%ni\‘y-{or(n‘fe_

From centralized power
and unidirectional grid ...

Distributed Energy Systems

.

T

... to Decentral and !‘,
Distributed Energy
Systems and

bidirectional balancing

Transmission Distribution and Consumption
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Data management and energy systems — SIEMENS
In the age of Digitalization they merge and change the world lngenuity for life

5.5 million
o Internet new “things”
of Things get connected every day
Computer Internet Mobile Industry NSOO bllllon
telephone 4.0 1 by 2030
~1945 ~1960  ~1970  ~1980  ~1990  ~2000 ~2010 Today 2020 2030
Energy Nuclear Gas Photovoltaic Wind T

systems Decentral S 5 0 0/ of the world’s data
@ ﬁ} energy 0 was created last year
system

... but less than 0.50/0

was analyzed or used
—— Global data volume
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The journey to a new, better energy economy SIEMENS
lh&%ni\‘y-{or(n‘fe_

Key drivers of change Central areas of action

Rapidly changing,
complex challenges

N
‘J Integration

Decentralization

g
§ Fast, flexible solutions — Qk
gl NS

Agility in energy

Technology

0101 Digitalization
1100 °
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1. Electrification — Main driver to decarbonize the economy

Final energy consumption EU28
in 2016

Others
(heating)

45%

Transport
33%

4,270
TWh

Power

22%

I

~~_—_

Share of renewables
~30%
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Source: eurostat

SIEMENS
Iugzmuify-{ar(nk

Pathways for decarbonization

Global transportation energy, 2012?
28% 12% 12%

=

& VYV

Direct
electric

Battery electric

Hybrid Gas, Liquid fuels

CO, neutral fuels needed

Olivier Gueydan , SI NL
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Electricity grids allow direct integration, transmission SIEMENS
and application of renewable Energy lngenuity for Uife

Worldwide Solar PV Worldwide Wind Worldwide Hydropower
capacity growth in 2017- capacity growth in 2017- capacity growth in 2017- E'

2022: 400-600 GW 2022: 300-350 GW 2022: 80-120 GW -
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Electrical Energy is as versatile applicable SIEMENS
as no other energy carrier lngenuity for life

Electrified tracks > 100 million e-cars Efficient heat pumps:
account for nearly 1/3 on the road expected 4 kWh heat with 1 kWh
of total tracks globally until 2030 electric power

otion,
Demission,

10101011101001101011000101101010000100

10011010110001011
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2. Flexibility — Key in the future electricity system SIEMENS
’h&%ni\‘y-{or(n‘fe_

Storage Gas-fired PP

N L Virtual PP "'| Demand

> NN

/ )i} = Response

& Md%?(])t ~ EINGRID

B @ sMARTPOOL
Growing investments needs in flexibility solutions

1
N
|/

\

0
|
3!

.;@.
/

)

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

challenges the current kwh-based electricity market design
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3. Digitalization — Energy system will be element SIEMENS

in economy-wide loT infrastructure lngenuity for Uife

Productivity Flexibility Availability

and time-to-market and resilience and efficiency Key areas to
Planning, simulation Automation Maintenance, Step up
and engineering and control monitoring and service
Use cases, applications examples Enhanced electrification

!A! E !’D ! !ﬁ! !*‘a%! !@:! !».’?! !u\.*!

Automation
Digital twin Energy system Energy system Energy system Energy system Asset Digital ~ Virtual power Smart Monitoring Energy efficiency
simulation planning control dlagnostlcs management substation plant Building DER" and analytics o I .
N e Digitalization
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00:—0\‘—\:_:_:00 The cloud s 000 o
\I_‘_. ‘ ‘ ot Monitoring

e v0000c00 o0 o0 o8 0 o0
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Controlling

Connected grid assets ... @ ... edge devices, industries, buildings

Managing
Digital twin

1) DER: Distributed energy resources like smart meters, inverters for photovoltaics, e-mobility assets, storage systems, microgrids, ...
Unrestricted © Siemens AG 2019
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Major transformation in energy networks — SIEMENS
Electricity Grids are core action fields lngenuity for Uife

Electricity grid » Further decentralization and
. . - fragmentation with
Digital Grid i) local
energy systems lead to need
------ for local rebalancing and
--------- sector coupling

Electrical / physical,
automation and

will merge and create a
multilayered, decentralized,
and connected infrastructure

Role of energy network
provider changes from
operator to system provider
and facilitator
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Vision on the Energy System Transformation SIEMENS
’hg.%ui\'y-for(nfe_

Trends

Innovation

Outlook
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High Voltage Direct Current Transmission (HVDC) — SIEMENS
Power Electronics managed by intelligent control software lngenuity for life
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ULTRANET, Germany, 2021 SIEMENS

World’s first VSC HVDC with full-bridge converter lngenuity for Uife
Customer Amprion / TransnetBW
Project Name ULTRANET
Location Osterath — Philippsburg, Germany
Power Rating 2000 MW, bipolar
Type of Plant HVDC PLUS in full-bridge topology, 340 km
Voltage Levels + 380 kV DC, 400 kV AC, 50 Hz
Semiconductors IGBT

by

Brandenbury

Saxony-

) Anhalt
North Rhine-

Westphalia
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1100 kV Transformers for efficient power transmission SIEMENS
’h&%ni\‘y-{or(n‘fe_

Challenge

= Often long distances between power generation
and power consumption centers

= High transport losses over long distances with
standard solutions

T

Solution

» High Voltage DC Transmission Systems to reduce
= Power losses
= Material usage

crangi®._ - k[i)lct‘)’:llgglss [ ," outcom e
o \ N =  Worldwide first 1.100 kV DC System
REPUBLIC OF Ay 37 5 » First Pilot Installation in China in 2018
CHINA Xan i ° ..
gigawatt ‘ Cercent = Secure Power transmission of 12 GW over a
— ansmisionvatase distance of more than 3200 kilometers

b la b equivalent to the output
l|: : I ks of about 12 large conventional

I ba power plants In comparison to 800 kv

- the highest voltage possible
until now on HVDC lines

—
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Battery-based Storage for very different purposes SIEMENS
’h&%ni\‘y-{or(n‘fe_

) 7
-
(]
Application § Segmentation
" Reserve capacity
>
- Response to emergencies i A\ \ N o
Consumer/ Prosumer Decentralized generation Variable generation Conventional power plants
(PV, Wind)
e
S L
5 o - = ™
Time shifting - - Residential/ - -
commercial selfsupply * Avoid curtailment
* Industrial peak shaving » On-grid + grid upgrade * Rules for grid integration
deferral  Energy arbitrage * Increase flexibility
ﬁ * Remote areas/ off-grid (time shifting) / load optimization
>
£
= Distribution grid Transmission grid
« Ensure stability « Ensure power
System § * Load optimization system stability
stability S
& N
1 kW 100 KW 1MW 10 MW 20 MW Power
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Generation alternative to peaking power plant SIEMENS

Io\g%“i? for bfe
Bes

» Capacity, |
* Peak pow
* Ancillary sei

IMPACT
HeL1 | | e "
i il f.";"\"‘! i ) Sl ‘ ' i - i o 1= p
= Replaces eﬁ\qq%n ental retired units .~ " i Il e S —\ W
.."f = 7 ...L‘ - A 1 s ! — s . - = Rt = : - dl" "7 l

= Meets flexibilit

- Alamitos, Long Beach, CA USA
100 MW, 4h (400 MWh)
COD Jan 1st, 2021
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IREN2 research project in Wildpoldsried, Germany SIEMENS
lh&%ni\‘y-{or(n‘fe_

Solution

Combining micro grid and
Virtual Power Plant to form a
topological power plant,
which can be operated in
island mode

Benefits

Stable and economically
optimized grid operation

Black start capability

Profitable use of renewable
resources

Ancillary services from the
distribution grid
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Isle of Ventotene, S-O Italy... SIEMENS
lh&%ni\‘y-{or(n‘fe_

Challenge

+ Control developments for
stable operation with
existing diesel gen-sets

- Demonstrate fuel saving
on islanded grids

- Enable renewable
integration
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SICAM microgrid controller & SIESTORAGE enable SIEMENS
stand alone electricity for a renewable integrated micro-grid lngenuity for life

10-15%

Qil / CO2 savings

Reliability

...Performance and
reliability of control is
very high and consists
reference for future
projects. Can be
considered as business
excellence...

ENEL, Customer

In operation
since
Nov. 2015
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Holistic end-to-end energy management — SIEMENS
Example of an industrial facility lngenuity for life

Distributed Energy Systems
(DES)
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Microgrid manager, energy
management systems, etc.

Electrical equipment
and power electronics

Energy automation and
management, software

*‘ Combined heat

and power ‘
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Vision on the Energy System Transformation SIEMENS
’hg.%ui\'y-for(nfe_

Trends

Innovation
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Blockchain based peer-to-peer energy trading
Innovative Microgrid solution supporting

New York’

Neighbor
Consumers '=-

——_

Solar
Renewable
Prosumers

&s_.u.

Wﬁ‘f
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“Reformlng the Energy Vision” program

¥ President St
Park Slope,
Brooklyn

New York

Brooklyn

L4

Olivier Gueydan , SI NL

SIEMENS
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SIEMENS
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TRANSACTIVEGRID
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Question : Possible advantages of Blockchain? SIEMENS
lh&%ni\‘y-{or(n‘fe_

1. Cost reduction
2. Security
3. New Business Models

4. Optimization

What else?
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Hydrogen — SIEMENS
Energiepark Mainz H2-Electrolysis hall lngenuity for Uife

Key facts

= Three SILYZER 200

= |n total ~4 MW DC nominal load

= High dynamic: load changes
within sec.

= 35 bar pressure at gas outlet

= Produced so far up to
500 kg(H,)/day < Fuel for about
50.000 km in a FC passenger car*

* Bundesmisisterium
fir 'l!inmful’l
und Enargia i i
=N=RGI=SPEICHER
STADTWERKE MAINZ AG SI E M ENS Geflirdert durch Farschungsiniliative der Bundusregierung
aufgrund eines Beschlusses
des%mucbmﬁundemgni

Assumption: Passenger Fuel cell car consumption
Unrestricted © Siemens AG 2019 about 1 kg/100km
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Siemens portfolio scales up x10 every 4-5 years SIEMENS
driven by market perspective and co-development with customers lngenuity for Uife
Silyzer portfolio roadmap
Reduction of specific price
(E/KW) >2030
'/ v., v., >1,000 MW
—/ N’ 2018 — 2023+ First investigations
N’ N’ in cooperation with
v_ v- Next generation chemical industry
— 2015 - 2018 Silyzer >100 MW
N’/
—/ Under development
S — Silyzer 300
2011 - 2015 >10 MW class
Sales release 2018
Silyzer 200
1 MW class
Silyzer 100 Current commercial
100 — 300 kW product.

Lab-scale

T —
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Electrification will drive sectoral integration — SIEMENS
Example Power-to-X electrolysis lngenuity for life

Volatile electricity Grid : ...
. . . Conversion/storage Applications
generation integration

Exports for different applications

Photovoltaic

Industry
Hydrogen for ammonia production, petroleum
H refinement, metal production, flat glass, etc.
2
generation
Mobility
Grid Hyd lternative fuel
stabilization > ydrogen as alternative fue

or as feedstock for green fuels

PEM

Energy

Hydrogen blending (gas grid)
Remote energy supply/Off-grid

Wind power

Regulatory frameworks need to be fit for green hydrogen and enable sectoral integration
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Question : future H2 utilization SIEMENS
lh&%ni\‘y-{or(n‘fe_

In your view, which sector is the most promising to utilize
hydrogen from renewables in the next years?

1. Industry
2. Mobility
3. Energy

Unrestricted © Siemens AG 2019
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Artificial Intelligence —
Application of Al including Machine Learning

Act

SIEMENS
Iugzmuify-{ar(nk

Analyze
Inform
Descriptive Analytics
What happened?
Business - Service statistics * Root cause identification
Applications - Sales reports - Fault analysis
Data Mining

Unrestricted © Siemens AG 2019

Predictive Analytics

What will / should happen?

+ Condition monitoring
* Fault prediction
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Prescriptive Analytics

What shall we do?

* Power optimization
* Load balancing

2019.06.13



Spanish automotive supplier’s energy consumption SIEMENS
reduced using smart data and Al lngenuity for life

] Energy efficiency analytics
Solution gy Y - - w

Measuring and power-quality devices ,
and data analytics as a “managed
service” via cloud-based platform

20,000
tons CO2
conserved

15 9
factories worldwide J factories
connected planned

‘Energy saving is a must [...]”

Pablo de la Puente, Corporate Information System Director, Gestamp

Energy for Industry
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IEMEN
Summary: the Revolution of Energy Systems S 'h;xlw‘fy {fwe

More Wind- and PV, Electrification, Distributed Energy Systems
Sector-couplings and Energy Storage increasingly relevant
Digitalization key enabler (simulation, operation, market integration)

Emerging Sharing Economy concepts (for Prosumers)

Artificial Intelligence gaining momentum
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Disclaimer SIEMENS
Iugzmuify-{ar(nk

This document contains forward-looking statements and information — that is, statements related to future, not past, events. These statements may be identified
either orally or in writing by words as “expects”, “anticipates”, “intends”, “plans”, “believes”, “seeks”, “estimates”, “will” or words of similar meaning. Such
statements are based on our current expectations and certain assumptions, and are, therefore, subject to certain risks and uncertainties. A variety of factors,
many of which are beyond Siemens’ control, affect its operations, performance, business strategy and results and could cause the actual results, performance or
achievements of Siemens worldwide to be materially different from any future results, performance or achievements that may be expressed or implied by such
forward-looking statements. For us, particular uncertainties arise, among others, from changes in general economic and business conditions, changes in currency
exchange rates and interest rates, introduction of competing products or technologies by other companies, lack of acceptance of new products or services by
customers targeted by Siemens worldwide, changes in business strategy and various other factors. More detailed information about certain of these factors is
contained in Siemens’ filings with the SEC, which are available on the Siemens website, www.siemens.com and on the SEC’s website, www.sec.gov. Should one
or more of these risks or uncertainties materialize, or should underlying assumptions prove incorrect, actual results may vary materially from those described in
the relevant forward-looking statement as anticipated, believed, estimated, expected, intended, planned or projected. Siemens does not intend or assume any
obligation to update or revise these forward-looking statements in light of developments which differ from those anticipated.

Trademarks mentioned in this document are the property of Siemens AG, it's affiliates or their respective owners.
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