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Key aspects of flexible power plant operation

Power A

Standard Flex 2
Operation Line Operation Line

Time
Power on Demand Grid Services Min. Part Load Maintenance Flexibility / Power on Demand
Start Performance Load Gradients Peak Power Emissions Intervals & Cool Down /Start Performance
1 Hot start-up time 2 Ramp rate 3 Minimum Load 4 Cold start-up time
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Operational flexibility of power plants has increased

SIEMENS

Example: Lignite-fired power plants lngenuity for life
VDE (ETG) Agora Energiewende, Fichtner Neurath Belchatow Boxberg R
April 2012 (0) June 2017 (1) | (Germany) (6) (Poland) (1)  (Germany)(1)

Lignite-fired Power Plants Commonly | State-of-the- [ Optimization Commonly State-of-the-art Com;r;;zloned Commissioned = Commissioned
used art power pl. potential used power plants . 2011 2012
modernized

Average ramp rate 2,4 2.6 4.6-6

[% Pnom per min] 1 2,5 4 1-2 2-6 (potential 3,2) ’

Minimum Load 43 45 35

[% Pnom] 60 50 40 50-60 35-50 (potential: 35)

Hot start-up time

[min] 360 240 120 240-360 75-240 140 75-85

Cold start-up time

[min] 600 480 360 480-600 290-480 360 290-330

(0) VDE-Studie "Erneuerbare Energie braucht flexible Kraftwerke - Szenarien bis 2020, Autoren ETG-Task Force Flexibilisierung des Kraftwerksparks

(1) Fichtner, Agora Energiewende (2017): Flexibility in thermal power plants — With a focus on existing coal-fired power plants

(6) RWE AG, Siemens AG, PowerGen Europe 2013

New plants and plant modernizations lead to increasing operational flexibility of the installed fleet!
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Flexibility of coal and gas fired power plants - comparison SIEMENS
Minimum Load

D
o

Minimum load [% P,]
[\ 9]
o

10 4

Page 5

un
o

i
o

w
o

’Commonly used M

Gas
Simple cycle
: : 60

I 50
40

30

-~ Parkingload GT 26 220 -

with sequential comb.

10

0

(3) GE Power, EDF, PowerGen Europe 2016

Combined cycle

State-of-the-art (1

Example

60
50
Bouchain(®)
(2016)
: 40
Fortuna®
(2016) 30
Parking load GT 26
with sequential comb.
10
0

(4) GAS TURBINE WORLD May - June 2016

Iugwuifyforb{e
Coal
Hard coal Lignite
60 -
[ Neurath(®)
- (1975>2012)
Belchatow("
Walsum® 40 (2011)
(2013) Boxberg R("
30 - (2012)
Voerde ®)——— 20
(1985)
10
0

@—> \lodernization (from - to)

(1) Fichtner, Agora Energiewende (2017): Flexibility in thermal power plants — With a focus on existing coal-fired power plants  (2) Alstom, VGB PowerTech 9/2011
(5) Siemens references  (6) RWE AG, Siemens AG, PowerGen Europe 2013
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Average ramp rate [% P, per min]

Flexibility of coal and gas fired power plants — comparison SIEMENS

Ramp rate lngenuity for life
Gas Coal
Simple cycle Combined cycle Hard coal Lignite
16 % 16 16 16
14 14 1 14 - 14
Bouchain®)
12 12 - (2016) 12 12
_ A
10 - 10 Fortuna® 10 10
8 8 - (2016) 8 8 - Belchatow!(")
(2011)
6 ! Siemens F class® 6 6 - Walsum(?) 6 Boxberg R™M
4 (mod in2016)  , | Siemens F class® 4 (2013) 4 (2012)
I ® (mod in 2016)
2 2 2 2 I I
_ | Neurath(®)
2 0 0 ¢ (1975>2012)
© commonly used ™ State-of-the-art (1) Example @—> \lodernization (from - to)

(1) Fichtner, Agora Energiewende (2017): Flexibility in thermal power plants — With a focus on existing coal-fired power plants  (3) GE Power, EDF, PowerGen Europe 2016
(4) GAS TURBINE WORLD May - June 2016 (6) RWE AG, Siemens AG, PowerGen Europe 2013  (7) Siemens AG, Power Gen Europe 2017,
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Hot start-up time [min] or [h]

Flexibility of coal and gas fired power plants — comparison SIEMENS

Hot start-up time lngenuity for life
Gas Coal
Simple cycle Combined cycle Hard coal Lignite
360 360 360 360
300 - 300 - 300 - 300
240 - 240 - 240 - 240
180 180 - 180 - 180 - Belchatow(
I (2011)
120 120 - Mainz-Wiesbaden(®) 120 120
Walsum(") Boxberg R(")
' I (2000) Boychain® (2013) (2012)
60 60 1 (2016) 60 60
- - Fortuna®
0o |l e 0 (2016) 0 0
© commonly used ™ State-of-the-art (1) Example @—> \lodernization (from - to)

(1) Fichtner, Agora Energiewende (2017): Flexibility in thermal power plants — With a focus on existing coal-fired power plants  (3) GE Power, EDF, PowerGen Europe 2016
(4) GAS TURBINE WORLD May - June 2016 (8) KMW AG, Siemens AG, Power Gen Europe 2015

Page 7 International Energy Agency Advanced Power Plant Flexibility Campaign — Paris, September 18, 2017 Andreas Feldmdiller



Flexibility of coal and gas fired power plants - comparison
Cold start-up time

Gas
Simple cycle Combined cycle Hard coal

— 600 s 600 600 | ¢
s 540 - 540 - 540
‘=480 480 - 480
E. 420 - 420 420
S 360 360 - 360
& 300 300 300 Walsum("
5 (2013)
£ 240 - 240 - 240
3 180 180 [ 180
S 120 - 120 —= 120 -
© 60 60 60

0 * 0 - 0

‘Commonly used State-of-the-art (V Example

(1) Fichtner, Agora Energiewende (2017): Flexibility in thermal power plants — With a focus on existing coal-fired power plants

Unrestricted © Siemens AG 2017
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600
540
480
420
360
300
240
180

- 120
60

SIEMENS
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Lignite

Belchatow(")
(2011)

| Boxberg R("
(2012)
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Technical comparison of plant flexibility
Plant modernization potentials
+ Example: Hot start-up

+ Example: Ramp rate (frequency response)

« Example: Minimum load
Modernization show cases

Conclusions
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Hot start-up of a combined cycle power plant SIEMENS

Iug'u\ui\ly-for(ife_
3 1 LT;’;’::‘LOMM ——— Improved concept (Hot start on the Fly,
= | Gas turbine / a fully integrated and automated start-
© | start-up

& parallel steam I up process)

turbine start-up

/

Steam turbine . Further potential by increased start-up
& gas turbine loading )
gradients of GT and ST

Gas turbine hold time

Gas turbine start-up

B

Time

Improvement potentials gained from start-up concept, component capabilities and automation

Unrestricted © Siemens AG 2017
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Fast load ramps of steam power plants —
frequency support with the water steam cycle

Steam

Generator

-
2.

e

Page 11

Y

=
i

<Eﬂ

Extraction

Valves

1@

o] steam W]

SIEMENS
Iugzmuify-{ar(nk

IP LP |LP @

™

I
> Condenser

Fast control
Butterfly Valves

—T

Condensate

@ Pumps
4 Fast Condensate

Control Station

HP Feed Water Heaters

A

100% HP Feed Water Heater Bypass

Feed Water

Pumps
Power

LILP Feed Water

Heaters

<

1. Throttling

2. Additional Valve
(interstage valve)

3. Condensate Stop

4. HP Heater

@@ @ @ . Time 5. Fuel Increase
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Overall optimization of steam power plant SIEMENS

to improve plant frequency support lngenuity for Uife
HP Bypass
. with Spray 4 .
HP Boiler _Dj_ IP Boiler
Spray v R % v Spray

HP Turbine with Additional Valve | HP |- P e P LP —@
N> |

1PN

Condenser

Generator Extraction

— |
Steam >
Enlarged Condenser
M MBS D .. O
@—» Valves utterfly Valves
Condensate
(: :> ’ Enlarged Feed Pumps

d Water Tank v Fast Condensate
Control Station

l A4

1 Partial Feed ]
Water Bypass Feed Water LP Feed Water

L v {5{} 3 Pumps Heaters
|1

HP Feed Water Heaters
100% HP Feed Water Heater Bypass

Unrestricted © Siemens AG 2017
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HP turbine with additional HP valve for peak and part load SIEMENS
’h&%ni\‘y-{or(n‘fe_

Rated condition: Additional HP valve is closed

Additional (peak) load: Additional HP valve is open
Stop valve

Part load: Connected to heater = == - - - —-— -— - -

[ ] Main control valves
are wide open
Inlet A

ﬁr;f ipfuinuii

IRIgl

HP turbine with additional HP valve to increase » HP swallowing capacity for frequency response
» Feed water temperature at part load
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Controls modernization to reduce minimum load SIEMENS
lh&%ni\‘y-{or(n‘fe_

Mini L R i :
inimum Load Reduction Use of robust state space controller for unit control

Load
Adaptation, optimization and setting of lower-level

Old minimum controls for new minimum load level
sustainable load

Adaptation or addition of control sequences, burner
and mill scheduler

| .. - ) )
_ NEW, minimum Provision of additional instrumentation where
Savings sustainable load necessary
Time Modifications, additions or replacement of original

DCS as necessary

» Faster response to increased load demands as unit does not need to be shut down
» Avoidance of unnecessary start-ups and shutdown
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« Combined Cycle: Mainz-Wiesbaden
 Lignite fired: Neurath Units D and E

Conclusions
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Results at CCPP Mainz-Wiesbaden - Power station 3 SIEMENS
Hot start-up time reduced to 27 minutes lngenuity for life

« Combined Cycle 10000 e
gﬁm { H B
- Start
« SCC5-4000F 80,00 | !
_ 70,00 : Standard -
« Multi shaft S | | _ _
. =440 MW = > B I
| = = T e
»  Built 2000 S E we b Z/L-—- [ |
8 o zﬂjm —_— = M=l a1 — —
T 9 . ]’_ ) [
| § 5 il SEEEEE
 Hot Start on the Fly (HoF) is the standard = B oo DR SR SIS SSRGS e BNEE 9K 2
start up process after overnight stop ‘“i' ‘i’ 90,00 I
. |
. . . 80,00
 Highly predictable start up time of 27 7000 | !
minutes (+/- 2 minutes) « trom GT igrition 579 :
** tests for further :Z’ZZ 1
Reference: PowerGen Europe 2015, :apr:ogrf(tjhz(ﬁly . 0' 00 ]
From base to cycling operation - innovative operational concepts for N
CCPPR, 20,00 E
Dr. Andreas Feldmdiller & Florian Roehr, Siemens AG, 10,00 -
Thomas Zimmerer, Kraftwerke Mainz-Wiesbaden AG 0,00

-70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5
Unrestricted © Siemens AG 2017 min
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Results at RWE Neurath Unit D
Load gradient tripled, Minimum load reduced by 40%

Load gradient / Minimum load

650

\\A\

N \& | 5 MW/min

; \ 10 MW/Em\

MW

« 630 MW, tangential, lignite- 400 <12 MW

fired, built 1975 350 \
\ ~ =

« Boiler design for base load 300 \ \/

SIEMENS
Iugzmuify-{ar(nk

= Before: 5 MW/min
Min 440MW

== Before with HPB: 10 MW/min
Min 440MW

Contract: 12 MW/min
Min 290MW

Proven: 15 MW/min
Min 270MW

* Fuel changed massively 250 20 MW/min Potential: 20 MWi/min
compared to design 200 Attt
00:00 00:05 00:10 00:15 00:20 00:25 00:30 00:35 00:40 00:45 00:50 00:55 01:00 time
Reference: PowerGen Europe 2013
A Vision Becomes Reality, One of the most . : .
flexible lignite fueled units of the World - Installation of a new robust state-space unit control
Achieved by a DCS Retrofit N ; ; _ _
Bi6rm Ptz & Thomas Schrock, RWE AG, Fully automatic mill shut-on and shut-off
Annette Barenbrilgge & Bernhard Meerbeck, « Optimisation of all subordinated controllers, e.g. air, feedwater, fuel

Siemens AG
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Conclusions

«  Operational flexibility of power plants has increased in the last years

SIEMENS
Iugzmuify-{ar(nk

*  New plants and plant modernizations lead to increasing operational flexibility of the installed fleet

- Large improvements could be achieved by plant modernizations

Power J
Standard Flex
Operation Line Operation Line
-+
Power on Demand Grid Services Min. Part Load Maintenance Flexibility / Power on Demand
Start Performance Load Gradients Peak Power Emissions Intervals & Cool Down/Start Performance
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Flexibility of coal and gas fired power plants — comparison SIEMENS
Details of the references lngewuity for bife

(0) VDE-Studie "Erneuerbare Energie braucht flexible Kraftwerke - Szenarien bis 2020, Autoren ETG-Task Force
Flexibilisierung des Kraftwerksparks, April 2012

(1)Fichtner, Agora Energiewende (2017): Flexibility in thermal power plants — With a focus on existing coal-fired power
plants

(2)Alstom, Christoph Ruchti, Hamid Olia, Peter Marx, Andreas Ehrsam and Wes/ey Bauver, Combined cycle plants as
essential contribution to the integration of renewables into the grid, VGB PowerTech 9/2011, page 84

(3)PowerGen Europe 2016, Laurent Cornu (GE Power), Olivier Pohlenz (EDF), First Commercial Application of GE’s HA
Technology. Overview of the Bouchain Power Plant Construction, Start-Up and Commissioning Phases

(4)GAS TURBINE WORLD May - June 2016, Junior Isles, Block Fortuna sets three world records, page 16-20
(5)Siemens references

(6)PowerGen Europe 2013, Putz & Schrock (RWE AG), Barenbrigge & Meerbeck (Siemens AG), A Vision Becomes
Reality, One of the most flexible lignite fueled units of the World - Achieved by a DCS Retrofit

(7)Power Gen Europe 2017, Eisfeld, Feldmuller, Rohr (Siemens AG), CCPP improvements in a business environment of
intermittent power generation

(8)PowerGen Europe 2015, Feldmuller & Roehr (Siemens AG), Zimmerer (Kraftwerke Mainz-Wiesbaden AG), From base
to cycling operation - innovative operational concepts for CCPP
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Disclaimer SIEMENS
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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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