GTEN 2021

Virtual Symposium

October 18t & 19t 2021

Innovations in Gas Turbine Technology to Answer
the Emissions Challenge Towards Net-Zero Targets

Cristiano Balestrino
Siemens Energy

Presentations are considered part of the public domain and will appear on the GTEN website and shared with attendees. The author(s) confirm that they, and/or their company or institution, hold copyright on all the

original material included in their presentation. They also confirm they have obtained permission, from the copyright holder of any third-party material included in their presentation, to publish it as part of their
presentation.




CO, Net-Zero targets are increasingly a policy priority

Nearly 2/3 of the World’s industrial CO, emissions being addressed in net-zero legislation or policy.

CO, emissions covered by commitment

Based on global CO, emissions by countries
Source: World Bank (last updated: 07/21), emission data from 2018

Net-zero achieved (2) B Net-zero in policy document (16)
B Net-zero embedded in law (10) Net-zero target under discussion (95) Commitments of countries for Net-zero CO,, emissions.
Net-zero proposed in legislation (4) B No commitment yet (90) Source: Netzerotracker (last updated: 07/21)
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https://eciu.net/netzerotracker
https://data.worldbank.org/indicator/EN.ATM.CO2E.KT?end=2016&start=1960&view=chart

Energy and industrial process CO, emissions in WEO 2020 scenarios
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The World needs to dramatically accelerate
CO, emissions cuts to achieve net-zero by 2050
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1 Source: IEA World Energy Outlook 2020
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What role can Gas Turbines play ?

Energy Systems Decarbonization “Radar” — GT Decarbonization Levers — =—

Efficiency increase

* Repowering of ageing plants + displace coal
« Upgrades of existing assets

+ Optimized operation (e.g. spinning reserve)
+ Utilization of exhaust heat

Fuel Shift/Hybridization
+ Switch to low carbon fuels
* Integration of renewables, storage
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on (] Pt Pesforinence: 745 AN Wind Zeso Carbon
s ,J e Pesionnonce (E 54 @ B (‘?ﬁ,’ Hybeid Soktians Net Zero Operations |,

Optmization

+ continued focus on Air Quality

https://www.siemens-energy.com/qglobal/en/priorities/decarbonization/decarbonization.html JUSS
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https://www.siemens-energy.com/global/en/priorities/decarbonization/decarbonization.html
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Re-powering with highly efficient Gas Turbine plants

Efficiency

Modern GT plants reduce CO, emissions through:

* ldeally supporting the displacement of high-carbon
fuels e.g. coal

* Providing highly efficient energy conversion

Decarbonization impact -

Combined Cycle fuel efficiency up to > 64% (gross)
Major CO, cuts when repowering from coal — up to 60% and more

Ready for H, blending, continuing roadmap development for up to
100% H, fuel capability

Ability to integrate with renewable sources & energy storage

Reference case: 900 MW CCGT Cascade Power Plant reducing
up to 5% of Alberta’s Carbon emission from energy production
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Gas Turbine efficiency mods & upgrades

= Most operating Gas Turbines are ageing units and often not running at their optimal efficiency.

» Technology refresh and operational optimization substantially improve CO, footprint with low CAPEX and risk.

» Reliability upgrades reduce the occurrence of unplanned outage / restart emissions.

— Example 1: Efficiency upgrades SGT-A20 (Industrial Avon)

Baseline SGT A20 —cefficiency mods

U HEPA Air Filters

U Hot section upgrade
(Avon 200)

Q VIGV Closed Loop

U Bleed Valve
Rescheduling

Efficiency (%)

7000 12000 17000

Power (kW)

— Example 2: RT62X upgrade for SGT-A35 (Industrial RB211)

U Power Turbine 3D
aerofoils

O Upgraded
materials

O Can be configured
as power up-rate
or extended TBO

Up to 14% CO, reduction, greatest benefit for part-load running
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Waste Heat utilization
Useful energy without incremental emissions

Features

CHP / CoGeneration or District Heating with GTs is well established

Bottoming Cycles with various types of Transfer media:
Water Steam Cycle — all ranges
Heat recovery

(ORC3, sCO,4—> turbine — Electricity Supercritical CO, Cycle for medium temperature operations
Turbi WSC?) Organic Rankine Cycle (ORC) for water-free and low
uroine

temperature operations

e High temperature heat pumps:
N/ - _
Ij Generating high quality process heat
Process

—

] Fuel preheating and anti-icing with waste heat
High High quality

temperature ———> process heat Sustainability impact -
{Eﬂ heat pump

Diesel engine ﬁ

5% 0 =

Fuel pre-heating/ Process Relevant in all GT applications e.g. reducing carbon footprint of
anti-icing SR offshore upstream production P

Increased overall fuel efficiency

Energy without additional CO, -, CO-, NOx - or SOx emissions

increase ,/
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Supercritical CO, power cycle

Pilot project

Increase power output and efficiency of simple cycle

gas turbine installation, emissions-free. Agreement with TC Energy to commission first-of-kind system at
existing pipeline compression station in Alberta
Convert waste heat from Gas Turbine into emissions-free power

Supported by Emissions Reduction Alberta’s (ERA) Industrial
Efficiency Challenge

Sustainability impact ~

Generate electricity for 10,000 homes without additional fuel burn
10% increase in overall compressor station fuel efficiency

25 — 40% smaller footprint than steam-based systems
Equivalent GHG reduction of 44,000 tons per year

1. Existing compressor station 4. CO, Mass Management . e
g P 2 g Potential to generate ~ 300 MW of emissions-free power from

2. Primary Heat Exchanger 5. Cooling System (air or water) compression stations in Western Canada alone

3. Heat Engine + Auxiliaries 6. Electrical Service Building
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Dry Low Emissions (DLE) combustion

Technology Focus — SGT-A35 DLE enhancements

« Continuing regulatory drive to reduced NO, limits

* Improved part-load fuel efficiency e.g. CO “turn-down”
« Capability with low-carbon fuels e.g. Hydrogen

* Improve maintenance life cycle

* Incremental enhancement of proven designs

* Ease of retrofit to installed units, and new units
* Use Additive Manufacturing where beneficial

Considerations

* Regulation has historically focused on NO, and CO
* However today’s global challenge are CO, emissions

* Need to consider potential trade-offs

* Focus the R&D investment to address the key priority e

f\
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SGT-400 13MW Enhanced DLE

Full Engine Development Test

April 2021 — demonstration test of SGT-400 with enhanced DLE

Remote witness option for users via virtual link

Single digit NO, and CO demonstrated

Emissions maintained over 30-100% load range

* Up to 7% reduction in fuel burn / CO, in part load operation
0,-Corrected Emissions
25
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= =
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3 35000 DLE s ° ° =
£ __SGT-400 wilh ®

30000 Enhanced DLE S . ° Key:

c - ® .
25000 40 60 80 100 S ol : =:$ : : : . o NO,
20000 ENG:DL_DPC (Day Load %)
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Percentage Load ENG:DL_DPC (Day Load %)
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Fuel Shift /
Hybridization




Hybrid systems
Integrating renewables, storage and gas-powered generation

Renewable Storage Gas-fired
energy e.g. battery power
» Hard Coal
U & 1000
< PR
rrr " .’P’i“ﬁ" 800 Combined Heat &
4 ’ ’ + + .@' 600 Power
400 Hybrid System power

+ Sustainable + Instantapepus + Reliable output 200 plant™*
+ Zero Emissions + Zero Emissions + Economical 0

Intermittent + Dispatchable + nghly efficient CO2 equivalence g/kwWh Source: Bundesverband Kraft-Warme-Kopplung

Limited time Emits CO ** average, depending on location and setup
2
, Fast-starting, flexible GTs significantly reduce the size / CAPEX
= s of required energy storage

R bl — A T

h s . Renewables Integrated GT & Battery Energy Storage Systems (GT-BESS

i | = 1 cgntrol External grid provide an ideal backup to renewable sources

Sl T l . . -, = -, . . . . -
Energy storage g et Competitively positioned in flexible electricity markets
i ==

Bt elpGwenlan SR Gttty ine Ready for increased penetration of low-carbon fuels
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Gas Turbines support a transition to low carbon fuels

CO, Emissions from combustion only in Ib/MMBTU
Source: EIA

215
206
161
139
117
0

Lignite  Bituminous  Diesel Propane | Natural Gas Hydrogen
coal

Blending of H, into Natural Gas can substantially
lower CO, emissions in the power & industrial sectors

GTEN 2021 Virtual Symposium — October 2021

Natural gas H, storage

Ability of gas turbines and plants to use a mixture of
natural gas and hydrogen to minimize CO, emissions.
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Hydrogen as a Gas Turbine fuel

Higher reactivity and flame velocity
» Propensity to Auto-Ignition & Flashback in air / fuel mix

Higher flame temperature

WLE — Wet Low Emissions DLE — Dry Low Emissions

Lower energy content per unit volume (diffusion flame) (air / fuel pre-mixing)
» Higher volume flow in fuel systems

» Increased creation of NO, for high amounts of H,

Explosivity characteristics WLE combustion — up to 100% H, with little change
» Maodifications in auxiliary protection systems O Diffusion flame easier to manage

~ 100 ReCos ] T s O Water injection to manage NO,
g ol T | | 500 3 O Some auxiliary changes needed
9o Tag, 0}
7 g /400 g
5 - 300 £ DLE combustion —up to 75% H, & viable roadmap to 100%
o * - 200 =

40+ e . .
E I [o——y O Burner adjustments and testing

204 - . . . ;

20 0 Manage Auto-Ignition, Flashback, Combustion noise and Emissions
0- T T T ' T T - -100
P W om o\ W (/50 : 60 70 80 9 100 O Incremental technology matching GT cycle (e.g. pressure ratio)
5 (% vo
Values shown are relative to natural gas (indicative only) Source: Siemens Energy
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Upgrade of existing GT units for higher H, content

Consequences
Potential system upgrades to operate higher H, content and solution

Project specific evaluation
and decision on required
modifications

Fire Protection System
Gas Detection System

Additional Flame Control and
Combustion Monitoring Systems

Power output control to
ensure compliant NOx

Gas Group IIC
electrical equipment

Burner Adjustment/Exchange emission levels

Purging system Conventional/non-H, fuels
may be required for start-up
and shutdown

sl ve Fuel Gas System Re-certification with
material and set-up respective authorities
might be required

H, compatibility of plant
auxiliary and peripheral systems

EU Turbines has published Sep 2021 a common definition for H, readiness of GT plants: https://www.euturbines.eu/h2-ready/ /ﬁ’!}\
%“’%
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Sector Coupling

Solar i

Green

power

Hydro

Heat pumps / chillers

e ————— O
ctrification .

Gas turbines,
engines, fuel cells

() e-H:

Electrolyzers

I

Cement

\ g Food &
&5 beverage

Heat & Cold

(Industry / residential)

Natural i'\;\l Base .
gas grid Further B chemicals
industries
@ Chemical
industry

e-Ammonia

H: for e-chemical syntheses

Sector Coupling Characteristics

Definition

 Link between power sector and energy-consuming
sectors

» Use energy vectors produced from renewable power
(Power-to-X)

« Pathway to de-carbonize industrial sectors

£ H2 for n
Fuel cells "zﬂ“ e-Methanol

synthesis
@ e-Fertilizers
Agriculture

Mobility 0. Petrochemical
& o industry

o x Aviation e-Fuels
Road ‘1

ELLT

Value Proposition

GHG reduction for sectors that are harder to electrify

Utilization of excess renewable power by storage
through chemical media

» Higher overall energy efficiency

B Electrical
Chemical

More diverse and interdependent energy supply
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Industrial-scale Renewable Hydrogen Power
EU-funded HYFLEXPOWER Project (France)

Description
\ - Brownfield transformation of existing GT site
b o e * H, generation via electrolysis, compression &
| storage
ML i ‘ E'e“’°'yze’ SR Sl - SGT-400 upgrade for up to 100% H,, pilot (DLE)
: e Benefits
Green Energy @full load !
to grid \ % - .
Sre—= | « Carbon savings 65,000t p.a. (SGT-400
' baseload)
ey - Store excess intermittent renewable energy
20 MW,, * Grants from EU (€10.5 mn funding EU Horizon
Heat Recovery @full load 2020)

http://www.hyflexpower.eu/ ,/\
/ \
o’%s& Tor Ef )
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Other e-Fuel avenues to decarbonization

Challenges of H, as Energy Vector

* Low energy density per mass
» Energy efficiency for transport over long distance
« Suitability of existing distribution infrastructure

« Compression

« Transport by pipeline

£
=

« End users (industrial, residential, etc.)

Alternative e-Fuels il il
* Synthesis e-Methanol to Fuels

Pros Cons e
Electrolysis
.| » Energy density « Toxic Ll |
RS Easy to liquify » Reactivity as fuel e-Methanol
(N H3) . . PN\ to Chemicals
» Known processes |+ NO, emissions NN
Methanol | ° Liquid fuel » Carries Ca_rbon
(CH,OH) . Also made as . E-Sy_nthe3|s
3 biofuel / from waste | requires H,, CO,
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Methanol as Gas Turbine Fuel

[=2]
Q

~
o

Sustainable Methanol can be produced from
waste, as biofuel or as e-Fuel.

o
(=]

w
(=]

0 Diesel

@ Methanol

Measured NOX {(vppm)
w &
o o

Ideal replacement for Diesel fuel in Gas Turbines:
Reduced CO, emissions
Reduced NO, emissions (lower flame temp.)
No Sulphur — improved maintenance OPEX and
no NO, emissions T
No visible exhaust plume

N
o

[y
(=]

Rig testing of industrial Olympus showing NO, reduction of at least 80%

Experience using as fuels for Aero GTs, upgrades
needed mostly limited to fuel handling systems. Engine Demonstration testing planned for:

O SGT-A20 (Industrial Avon)

0 SGT-A35 (Industrial RB211)
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Conclusions

0 Transformation of Energy is a reality
O Achieving Net Zero targets is a huge challenge...not one “ready” solution

Gas Turbines can contribute in all key levers of Decarbonization
O Energy efficiency — displace coal, modernize the infrastructure
O Fuel shift / Hybridization — shift to lower carbon fuels, integration with Renewables
0 Deep Decarbonization — sector coupling, “Power-to-X” models

Collaboration between Industry & Regulators is needed to harness the benefits

Thank You for your attention!

cristiano.balestrino@siemens-enerqy.com
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Disclaimer

This document has been prepared in respect of Siemens Energy AG (together with its subsidiaries,
“Siemens Energy”), under which the majority of the energy business of Siemens Aktiengesellschaft
(together with its subsidiaries, “Siemens”) will be bundled. It is intended to admit the shares in Siemens
Energy to trading on the regulated market of the Frankfurt Stock Exchange. This document does not
constitute or form part of any offer or invitation to sell or issue, or any solicitation of any offer to purchase or
subscribe for, any shares or other securities of Siemens or Siemens Energy in any jurisdiction.

This document contains statements relating to the future business and financial performance and future
events or developments involving Siemens and Siemens Energy 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. Such statements
are based on the current expectations and certain assumptions, of which many are beyond Siemens’ and
Siemens Energy’s control. These are subject to a number of risks and uncertainties. Should one or more of
these risks or uncertainties materialize, should decisions, assessments or requirements of regulatory
authorities deviate from our expectations, or should underlying expectations not occur or assumptions prove
incorrect, actual results, performance or achievements of Siemens or Siemens Energy may (negatively or
positively) vary materially from those described explicitly or implicitly in the relevant forward-looking
statement. Neither Siemens nor Siemens Energy intend, nor assume any obligation, to update or revise

these forward-looking statements in light of developments which differ from those anticipated.

The information and opinions contained in this document are provided as at the date of this presentation
and are subject to change without notice. They do not purport to contain all information that may be required
to evaluate Siemens or Siemens Energy and have not been verified independently. Historical financial or
operative information contained in this document has been taken or derived from Siemens’ financial
statements, accounting records or management reporting. The combined financial statements for Siemens
Energy are currently being prepared. These may deviate substantially from the information included in this
document. The information in this document is of a preliminary and abbreviated nature and may be subject
to updating, revision and amendment, and such information may change materially. In addition, the
historical financial and operative information included in this document does not necessarily fully reflect
changes that will occur when Siemens Energy operates as a separate group of companies. Accordingly,
such information is not necessarily indicative for the future consolidated results of operations, financial
position or cash flows of the prospective Siemens Energy business on a stand-alone basis.

This document includes — in the applicable financial reporting framework not clearly defined — supplemental
financial measures that are or may be alternative performance measures (non-GAAP-measures). These
supplemental financial measures should not be viewed in isolation or as alternatives to measures of
Siemens’ or Siemens Energy’s net assets and financial positions or results of operations as presented in
accordance with the applicable financial reporting framework in its consolidated financial statements and
combined financial statements, respectively. Other companies that report or describe similarly titled
alternative performance measures may calculate them differently. Due to rounding, numbers presented
throughout this and other documents may not add up precisely to the totals provided and percentages may
not precisely reflect the absolute figures.

This document contains forecasts, statistics, data and other information relating to markets, market sizes,
market shares, market positions and other industry data on Siemens’ or Siemens Energy’s business and
markets (together the “market data”) provided by third party sources as interpreted by us. This market data
is, in part, derived from published research and additional market studies prepared primarily as a research
tool and reflects estimates of market conditions based on research methodologies including primary
research, secondary sources and econometric modelling, which may not be representative.



