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ETN Additive Manufacturing WG

Disruptive Technologies to enhance Rotating Equipment

AM challenges to be solved Current WG focus Activities 1

= Availability of qualified materials = AM productivity & product quality:

» Predictable, stable & repeatable

Processes

Case study on AM Printers
performance, quality and
productivity

= Quality Management

= Horizontal & vertical machine

integration

= Productivity / cost

= Digital Twin & Simulation
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Current WG focus Activities 2

= High temperature AM materials for
GT Blades development initiative.

= Analysis of Blades AM Materials
current status,

= Materials development Specification
set up

i ank
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oo SIEMENS
ETN Activities 2022 CNErcY

ETN’s L-PBF Machine Evaluation Initiative

Objectives Status & next steps
Demonstrate performance & productivity of L-PBF - é\” print jobs from all L-PBF suppliers
machines from participating suppliers one
= Heat treatment started
Project scope = After heat treatment heat shields will
_ _ be extracted from the plate
" Material: Nickel Alloy 718 = Visual inspection and 3D scanning
= Post processing by central organisation (HIP, will be done and reported
surface treatment ...) » Printing precision will be defined and
_ compared
= Component: GT Heat Shield = Printing quality will be examined
= Deliverables: = Material properties will be defined &
= printed component compared
= criticality application » Productivity of different machines will

be compared

 cub » Expect results in end of December-
cu ‘ZS | beginning of January
» powder capsule

= report

= test specimen
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High temperature materials development Initiative

Objectives Status and next steps

Initiate development of Hight temperature AM » Project proposed and agreed to start

materials for turbine blades « PM (Project manager) assigned (Yogi

_ Pardhi)
Liuletl s ole = Search in the open literature for high
= Show High temperature AM materials status temperature materials developments
for gas turbine components (search in the status started
open literature) = Material development specification S
= High temperature Material development preparation initiated
specification = Based on the search results the next N -
= Industry & Academy collaboration set up steps in the project will be defined & BN
under ETN coordination ‘ NN
= Government funding application e ‘ ‘%\\H
= Technology project execution e = = @ 3 =
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AM contribution to Decarbonized World SIEMENS
and Energy Transformation =hereyY

GT’s sustainable value & flexibility generated by AM technology

Business Value Generated value: Fuel flexibility enabled by AM
Improvement = Efficiency improvement to reduce OpEx and Emissions
= Longer Life of GT-components to reduce Lifecycle cost
/" = Operation flexibility enhancement
el » |Increased Power Plant Profitability
Lead Time Speed:
Reduction

» Rapid development, prototyping, validation and manufact.

( \.,", = Spare Parts on Demand

3 = Quick response to Customer demands

Environmental Sustainable value:

Contribution = 30% less carbon footprint due to less waste materials and
transportation '
ﬂ = Fuel Flexibility (e.g. , biofuel, H2, towards zero CO2) « 2X SGT-600 DLE Sold to Braskem — Brazil
. Energy _eff|C|ency enhancement (more Power for less fuel - In operation beginning of 2022 7
& emissions) >
= Opportunity for AM components re-cycling * 60% H2 content in natural gas
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TR - SIEMENS
AM contribution to Decarbonized ANRrGY

Acceleration of H2 development towards 100% enabled by AM
N
>
Design .
VY

AM Rapid Combustion CEC
SCTEA0M0F SOTS000F  SCTH000M SOT-S000ML prototypineg testing HPC testing
Bomer Q- Modihed Woafea Combustion G T-2000€ SLM
Tesiediws  BumeRG-  BUMErR.  TOCIMODY  paes Sumer : ACR -
D40%H; Testedwihup Tesdlupin  testad for Hy Rig Testes up 1 build }
10 0% H; urr admetures 40% He testing . . .
2004 @ © ® o © 212 © IBuMa H2 concept iterations
sty ) e Theory guides but experiment decides!
1 otusing on LG! 1 0CU8 0 Hagh
combustion fechnology,  Temperatare Combastion
2003 - 200 with My, 2005 - 2005 100% ¥, DLE Technelogy for Prototyps appitancas
In Full Pressune High Temperature Frsl Oustomess ke 100%-H;
ALS. ABS Comtusiion Test @ Combusticn n Qe Heawy-Duy Gas
Amosphenc Combuston CEC Test Center for Exienang tectnalogy Turtines sxpecies end cf 205
T35 up %0 100% Hs SGTL00 towards 100%-+;
° 011 © B e o e @ 2 -0
$GT-200 50740 1 T Dusty and Industrial
I e Yai 1mmn°:m mu.mo.:lo 400 Gas Tursines
Opesalion uh Coke Using Wed Low Emssson,  Using Dy Low Exrdssion Ory Low Bataslon
OV g3 SOUNH, Technokog)y Technolagy Ternockogy
SOT.700 SGT-820
FrstH; Tests n 0% H; agmacure
Full Enggne Sehp o Bose Load
o 2008 @ (<l ® 2018 ®
OLE Technology lopewnl  $GT-700 SGT-600
for incuntrial Gas Turbines Contrmans Opetinon Up 0 B 4 sommanhne
ASMosphenc and Ngh pressure  since Sepe 2014 (10% Hy) n Ful Engine Test
feests o0 Indusieesl G Turbines %

Unrestricted © Siemens Energy, 2022 6

12-13 October 2022 Siemens Energy is a trademark licensed by Siemens AG.



Additive Manufacturing as a Key Enabler 2EMENS
GT efficiency enhancement by Additive Manufacturing

Key approaches for GT efficiency improvement:

« Turbine blades and vanes aerodynamic
enhancement

« 3D airfoils profiling w/o any geometry
limitation (compared to casting)

« Thin trailing edge
« Cooled light-weight shrouds

 Blades & Vanes Cooling air saving

* Less cooling air for blades and vanes to
improve turbine efficiency

;rﬁ"_;- —

Cast vs.AM airfoils overlay with TE emphasis
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Additive Manufacturing as a Key Enabler
Through energy efficiency towards decarbonization

:I_ b

IBUMA: l

* H2 capability ’fﬂf
, — HS1:

& . GV1:

+ Performance
+ Performance improvement or
improvement or life life extension
extension * Reduced perform.
degradation

AM Component field Validation

AM GV2 AMGV1& GV2
Long-term Long-term engine
validation validation AM GV1 & GV2

Inspection after 14

IBUMA l 500 EOH

| 2019 | 2020 | 2021 | 2022 | 2023
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GV2:
* Performance

improvement or life
extension

Unrestricted © Siemens Energy, 2022



Additive Manufacturing as a Key Enabler %'E'é"%“\?

AM enables not only life cycle cost reduction, but generates
sustainable value

nrect Emengy Depos then Powder Bed Sysiams

Target:

Development and
application of repair
technology to reduce

cost/ outage time

Flexible refurbishment
Wire Are Sdditnes Laspr Powdar Bad

"-'u"l-'-‘ﬂ":”'lﬁ Manufacturing Fusion
Wanm

Factory in the field

12-13 October 2022 Siemens Energy is a trademark licensed by Siemens AG. Unrestricted © Siemens Energy, 2022 9



Additive Manufacturing as a Key Enabler 2EMENS

SE LMD CoC in Nuremberg as blueprint for future regional roll-out

LMD CoC “Laser cladding center” Rotor repair solutions Spare part manufacturing and repair

12-13 October 2022 Siemens Energy is a trademark licensed by Siemens AG. Unrestricted © Siemens Energy, 2022




Additive Manufacturing as a Key Enabler %'F]'c\g"rEc'a\'\?

Our First Additive Manufacturing technologies application
was started from SGT-700/800 burners repair in FY2013

Rapid Repair- 90 % lead time reduction

* Product: SGT-700/800
= Component/scope: Burner tip

= Benefits:

= Quick burners upgrade to latest design
= Life extension

= Lifecycle cost reduction

= Decarbonization

= Status:
= |In commercial application since 2013
« > 1500 000 hours accumulated operating field experience
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Additive Manufacturing as a Key Enabler 2EMENS

AM enables not only life extension, but also GT performance
enhancement and sustainability

Blade tip repair

« Laser Powder Bed Fusion qualified since 2020
« > 24000 EOH field experience

« Life extension + performance enhancement

« Significant reduction of blade tip temperature
(>100 °C) by improved cooling of blade’s tip

» Turbine performance degradation rate slows down
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This document contains statements related to our future business and financial
performance and future events or developments involving Siemens Energy that may
constitute forward-looking statements. These statements may be identified by words such

LIS LN LENTH

anticipate” “intend,

as “expect,” “look forward to, 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 Energy’
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
Energy’ 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 Energy may (negatively or positively) vary
materially from those described explicitly or implicitly in the relevant forward-looking
statement. Siemens Energy 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 Energy, its affiliates
or their respective owners.

Siemens Energy is a trademark licensed by Siemens AG. Unrestricted © Siemens Energy, 2022

13



