“Instant performance at
he push of a button

e opportunities of your plant
h SIESTART™ hybrid solutions
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Renewable generation providing
increasingly more power without
emissions, but highly volatile.
not dependable
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Battery storage systems providing
instantly available, environmentally
friendly power, but timely limited.
not permanent
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Continuous reduction of emissions
enforced by law, but only possible
with increasing technical effort.
high costs
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Feed prices urging conventional power
producers to find additional business
opportunities, but with limited invest.
‘short amortization
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SIESTART™ hybrid solutions integrate the benefits of SIEMENS
conventional power generation with battery storage systems lngenuity for ife

Fast and efficient

Combining the high performance of a conventional
power plant with the instantaneous response of a
battery storage system

Reliable solutions from a reliable partner
Siemens is the world leader in flexible power
generation for the changing demands of the grid

Future-proof design

Modular, expandable, cutting edge solutions
available for fast delivery

Instant performance at the push of a button:

Boost your plant’s opportunities with SIESTART™

© Siemens AG 2017
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SIESTART™: Optimized performance and new opportunities — SIEMENS

for grid and ancillary services and turbine operation lngenuity for Life
Power
Spinning
Frequency response reserve
______________ R [N\ cTmalad
Islanding,
off-grid
Island load
Min. environ-
mental load
=== GT standard operation line m== GT flex operation line Time

Black start and

Primary Secondary Acceleration Operating o .
: Fast T Minimum Islanding
support of grid frequency frequency & stabilization reserve for :
start-up load off-grid
restorage response response of load ramps peak power

© Siemens AG 2017

Page 10 SIESTART, V1.0 - November 2017 Stefan Alwers - SIESTART



SIESTART™: Optimized performance and new opportunities —
for grid and ancillary services and turbine operation

Power
Frequency response
PFR + SFR

Fast start,
response
within < 1s

-

Fast start,

stress reduced
Black start

H

SIEMENS
lngenuity for life

Spinning
Reserve

GT max. load

Fast ramp-up
and ramp-down
support

~

Islanding,
off-grid

Island load

Min. environ- j
mental load

mm S|ESTART system
operation line

Primary
frequency
response

Black start and Fast

support of grid

restorage start-up
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Acceleration
& stabilization
of load ramps

Secondary

frequency
response

Time
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SIESTART - 80 MW BESS — SCC-800 peaking plant SIEMENS
Immediate firming capacity with high efficiency combined cycle lngenuity for Life

©
o

Customer benefits:

80 Plant output

* Provides 100% of the plant’s
output (80 MW) within
milliseconds (<1 sec)

70

60
Gas turbine power

* Provides black start power
to gas turbines

50

Electric power (MW Gross)

40

» Battery output tapers off
as turbines come online and
ramp up

0 Steam turbine power

20

10

* Full plant output -
immediately and
continuously

Time (sec)
Gas turbine sync speed

Full plant response within 1 second — from a high efficiency combined cycle plant

© Siemens AG 2017
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SIESTART — Peaking Plant SIEMENS

100 MW BESS combined with 3x SGT-A65TR lngenuity for ife
9 - Customer benefits:

;D - » Provides 50% of the plant’s

S 00 output (100 MW)

2 within milliseconds (< 1sec)
£ i « Battery and gas turbines

oo, combine to deliver 100 % of

the plant’s output (200 MW)

N Breaker close -_______Si_nglff(_ST_—éG_S_TE__ in o minUteS
0 \\V,// - Battery output tapers off as
0 TN gas turbines ramp up to
. ol N maintain constant plant
\\ Time (sec) output
’ 0 100 200 300 400\ 500 600

SIESTART can be customized to deliver critical power immediately
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Modular power supply: SIEMENS
The Battery Energy Storage System SIESTORAGE lngesuity for Life

Modular energy storage system based on
cutting-edge power electronics and Li-ion
batteries:

- Instantly available, reliable and flexible power

Fast and accurate response time to consume and
discharge energy

Assured power quality

Flexible and scalable design - various sizes and
configurations up to e.g. 25 MW and beyond
possible

Nominal capacity up to 1 MWh in one standard
container

Designed for improved asset performance.

Page 19 SIESTART, V1.0 - November 2017 Stefan Alwers - SIESTART
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An advanced upgrade for existing plants and SIEMENS
major added value to new build power generation units lngenuity for Life

N . = e % ~-\' 1

Advanced upgrade of existing power plants: Major added value for new power plants:

Enriching existing power plants with new features, e.g. Siemens combined cycle power plant SCC-800
extended performance and new business with 10 MW SIESTORAGE electrical energy storage
opportunities system

SIESTART: Suitable for existing and new plants — independent from the OEM technology*!

* The SPPA-T3000 control system allows for integrating SIESTORAGE in fossil power generation units with gas or steam turbines of all manufacturers, sizes, types and makes.

© Siemens AG 2017
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Instant performance at the push of a button:

SIEMENS

Boost your plant’s opportunities with SIESTART lngenuity for Life

>4 Instantly more flexibility
SIESTART enables you to run your plant
exactly in the required mode:

¢ Individually scalable

 Higher flexibility and instantaneous reaction
* Reduced emissions

# |nstantly black start capable

* Instant availability in case of grid failures
« Secure power supply, even in island mode

* Immediate, stable load changes even with
instable or no transmission grid connection

SIESTART brings your plant faster on-grid:

g’} Instantly new opportunities

SIESTART boosts your business:
* Immediate OPEX improvement

* Ancillary services provide additional
business cases

» Reduced feed consumption, lower costs

W Instantly higher reliability

With SIESTART you can always rely on
instant performance of your plant:

« Continuously high quality of power supply

* Low material stress for life cycle extension

* Integrated solution from power plant experts

© Siemens AG 2017
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Reliable power supply for sustainable SIEMENS

steel plant operation incl. black start capability lngenuity for ife
Vulkan Energiewirtschaft Secure Cha”enges
Oderbriicke Gmbk * Black start capability for an industrial gas turbine
Eisenhiittenstadt, Germany power supply _ * Grid stability (frequency, voltage)
(on- and off-grid) - Islanding and off-grid services

2013

* Smart peak load management

Solution

Independence from - Existing GE gas turbine and generator

* SIESTORAGE Li-lon battery storage system
(2,8 MVA/ 1,2 MW, 1,080 kWh)

* Integration of components to existing unit control system

public power grid

Customer benefits

Grid services * Siemens turnkey solution with 57 MW, and
steam generation of 180 t/h, 120 bar, 540° Celsius
(frequency, voltage)

* Secure power supply through black start capability for
sustainable steel and rolling mill operation

© Siemens AG 2017
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Reliable power supply
for an off-grid island in Italy

ENEL
Secure

Ventotene, Italy power Supply
2016 (on- and off-grid)

Grid services
(frequency, voltage)

Turnkey solution
(one-stop-shop)

© Siemens AG 2017
Page 23 SIESTART, V1.0 - November 2017

SIEMENS
lngenuity for life

Challenges

Off-grid electrification of a geographical island

Black start capability in case of a power outage

Primary and secondary frequency regulation

Flexible management of users and renewables power input

Solution

* SIESTORAGE Li-lon battery storage system (500 kW / 600 kWh)
* Microgrid Controller
* Integration with four existing diesel generators (480 kW each)

Customer benefits

* Up to 15% diesel fuel savings

* Approx. 55% savings in diesel generator operating hours
* Reduction of CO, emissions and maintenance costs

* Improved grid stability

Stefan Alwers - SIESTART



SIESTART™ — The performance of conventional power plants SIEMENS
combined with instant & reliable Battery Energy Storage Systems lngenuity for ife

Siemens Power Generation Siemens BESS (SIESTORAGE)

 Cutting-edge power electronics,
automation, and state-of-the-art
Li-ion battery technology

* Over 600 GW of installed
capacity since 1960

* More than 25,000 Siemens gas
and steam turbines in commercial
operation

* Modular battery storage concept
with flexible and scalable design

» 20 battery storage projects —

 1&C solutions for all types of plants ) :
eight regions, seven use cases

Siemens Control Systems: More than 2,700 power plant projects with Siemens 1&C

© Siemens AG 2017
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SIEMENS

Get in touch with us! lngenuity for ife
Dipl.-Ing. (TH) Dipl.-Ing. (TH), MBA
Stefan Alwers Uwe Fuchs
Siemens AG Siemens AG
Power and Gas Division Energy Management
Diversified Power Solutions Medium Voltage
SIESTART Business Owner Advanced Power Systems

and Storage

Phone: +49 69 807-4036 Phone: +49 621 456-3283
Mobile: +49 173 3671 636 Mobile: +49 173 7193 451
stefan.alwers@siemens.com fuchs.uwe@siemens.com

siemens.com/powerplants
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SIEMENS
Disclaimer lngenuity for Life

This document contains statements related to our future business and financial performance and future events or developments involving Siemens that may
constitute forward-looking statements. These statements may be identified by words such as “expect,” “look forward to,” “anticipate” “intend,” “plan,” “believe,”

“seek,” “estimate,” “will,” “project” or words of similar meaning. We may also make forward-looking statements in other reports, in presentations, in material
delivered to shareholders and in press releases. In addition, our representatives may from time to time make oral forward-looking statements. Such statements are
based on the current expectations and certain assumptions of Siemens’ management, of which many are beyond Siemens’ control. These are subject to a number
of risks, uncertainties and factors, including, but not limited to those described in disclosures, in particular in the chapter Risks in Siemens’ Annual Report. Should
one or more of these risks or uncertainties materialize, or should underlying expectations not occur or assumptions prove incorrect, actual results, performance or
achievements of Siemens may (negatively or positively) vary materially from those described explicitly or implicitly in the relevant forward-looking statement.
Siemens neither intends, nor assumes 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, its affiliates or their respective owners.

TRENT® and RB211® are registered trade marks of and used under license from Rolls-Royce plc.
Trent, RB211, 501 and Avon are trade marks of and used under license of Rolls-Royce pilc.
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Merging of Technologies: SIEMENS
conventional power generation units with battery storage lngenuity for ife
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SIESTART combines multiple independent technologies into a novel solution
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