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What’s a gas turbine?
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Example SGT-800 Compressor Combustor Turbine
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Exhaust (hot gases)

Some technical characteristics:

Typical sizes from 1 — 600 MW

High power density

Low emissions

High efficiency

Fast starts and load changes
Use hot exhaust gases

Gas fuel flexibility
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3rd generation DLE burner development enabling hydrogen and green fuel operation

SGT-600 SGT-800

18 DLE burners 18 DLE burners -« 30 DLE burners
Annular combustor Annular combustor Annular combustor

Decarbonization MGT SE AB
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Sustainable energy from Sweden

1000 gas turbines

Since the start in 1913, the Siemens Energy
turbine business in Finspang has delivered more
than 1000 gas turbines, 2,300 steam turbines
and 50 power plants to 115 countries.

/0% with service agreements

In most cases, customers also purchase a
service and maintenance agreement, sometimes

36’4 Gigawatts for up to 25 years.

Total power output of
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Green fuels — An overview

Most common production pathways
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E-gas (e-methane)

Natural Gas

Steam methane reforming (or auto-thermal)
with CCUS*

Hydrogen (blue)

Feedstocks Process Fuel
. e Biomethanol, biomethane, DME**, Fischer
Biomass Gasification .
/ Tropsch-diesel
6 Biomass Fermentation Biogas, biomethane, bioethanol
6 Biomass Hydrogenation, transesterification / Biodiesel e.g. HVO, FAME***
\ Hydrogen (green)
Renewable electricity ) Powerto X . E-fuels (e-methanol, e-ammonia)
é

2022-11-23
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*Carbon capture, utilization and storage
**DME — Dimethyl Ether

***HVO - Hydrogenated Vegetable Oil, FAME- Fatty Acid Methyl Esters
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Hydrogen capability in Siemens Energy medium size gas turbines
targeting 100% latest 2025 for SGT-800 / SGT-700 / SGT-600

H, content in natural gas
(volume percent)

0% 25% 50% 75% 100%

SGT-800 et 1NER )

43 - 62 MW

SGT-750 . N 3

34 —41 MW

SGT-700 .. i rs [l

29 — 35 MW A ¢

SGI-600 . M 7S

24 MW " ‘ ‘ ‘
Released hydrogen capability Ongoing development

All turbines equipped with DLE burner technology
Power outputin MW at ISO ambient conditions and natural gas, includes both new units and existing fleet
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3rd generation DLE burner development enabling
hydrogen and green fuel operation
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The ZEHTC concept
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Decarbonization with gas turbines 8
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Green fuel roadmap - Medium gas turbines with DLE SIEMENS

Acceleration through collaboration and partnership CNERrcyY
H,40 - 75% - H, 100% (latest 2025) H,100% (latest 2030)
Biogas
50% cracked ammonia’ 100% cracked ammonia’
Ammonia
Biodiesel
FAME?

Methanol / Ethanol

1: Fully cracked (hydrogen/nitrogen mix) SGT-800/700/600
2: HVO = Hydrogenated Vegetable Oil

3: FAME= Fatty Acid Methyl Ester (i.e. RME)

4: Fischer-Tropsch diesel
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Bio-diesel in gas turbines _
HVO-100 & FAME (RME) Cooperation

Goteborg Energi and Siemens Energy operated gas
turbines 2021 on bio-diesel at Rya CHP

Testing p _
ortfolio Elements
Both HVO-100 and FAME (RME) was 2021 tested in SGT-800 at , 3 x SGT-800 gas turbine

customer Goteborg Energy’s site Rya CHP.

Characteristics

HVO-100 behaves closer to an ordinary diesel fuel and is within our
current fuel specification whereas FAME (RME) differs more,
especially regarding the distillation curve and viscosity.

Reference
Stockholm Exergi back-up power plant on HVO-100
Commercial operation 2023

Distillation curves

Portfolio Elements
1 x SGT-800 gas turbine
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Gas turbine features and characterization
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Peak shaving and power
balancing

Flexible CHP

Power supply for island/local
grids

Spinning reserve
Black start

Primary and secondary
response

Quick start up GT and/or CC
for tertiary response

2022-11-23
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Some conclusions from market study made at Chalmers
University in Gothenburg (Sweden)

« Hydrogen-fueled gas turbines are most competitive in electricity systems with high shares of wind
power.

* Flexible mixing of hydrogen is an important factor as the investment cost can be recovered also when
the marginal cost of hydrogen is too high to generate a gross margin.

* The willingness-to-pay for hydrogen:
* Under the assumptions given, the maximum willingness-to-pay for hydrogen is 5 X Hj yerage-cost:
- Significant amounts of hydrogen are used in gas turbines at a cost of 3—4 X H, ,yerage-cost-

« The largest impact on the willingness-to-pay comes from the cost of biomass (used to produce
biomethane).

« The cost of hydrogen is highly dynamic and influenced by several parameters, where e.g., the
hydrogen demand profile has a considerable impact.

https://research.chalmers.se/person/simonob
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How to build a

for a city with
250,000 inhabitants



fossil-free electricity

80%

direct wind and solar

15%

- , Combined cycle
*Liquid green fuels for hydrogen power plant

operation > 2.5 days

battery
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Disclaimer

Subject to changes and errors. The information given in this document only
contains general descriptions and/or performance features which may not always
specifically reflect those described, or which may undergo modification in the
course of further development of the products. The requested performance
features are binding only when they are expressly agreed upon in the concluded
contract.

All product designations may be trademarks or product names of Siemens
Energy Global GmbH & Co. KG or other companies whose use by third parties
for their own purposes could violate the rights of the owners.

© Siemens Energy 2022

Siemens Energy Global GmbH & Co. KG
Otto-Hahn-Ring 6
81739 MUnchen, Germany
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Thanks!

Dr. Markus Jocker
Research and Technology Team Leader
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2% markus.jocker@siemens-energy.com
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