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Siemens Energy

 Adheres to an “all-of-the-above” energy policy 

Gas Turbine Engines (4-600 MW) 

Generators (25 to 1,300 MVA)

Hydrogen Electrolyzers 

Power-to-X-solutions

Wind Turbine Generators

High voltage DC transmission

Flexible AC transmission

Grid Stabilization Technologies

Energy Storage Technologies

Digital grid technologies 

Service and Energy Consulting

High-voltage switchgears and transformers

Industrial Heat Pumps (≤ 150C + 70 MWth)

Electrification, Automation, and Digitalization

Grid Technologies

Power Generation

H2 Production

Renewable Energy

Electrification, Automation, 

Digitalization

Waste Heat Recovery Energy Storage
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Utilities & IPPs

Municipalities

Oil & Gas

Industry

We serve customers from utilities, municipalities, O&G, industry and EPCs

Gas Services portfolio

Distributed (< 100 MW)Central (> 100 MW)

Power generation carbon capture through partnering 

Core

business

H₂ and green fuels (30% - 75% co-firing capability already today)

Large gas turbines
(117 - 593 MW)

Large steam 

turbines

Large 

generators

Controls and 

digitalization

Small GTs
(2 - 15 MW)

Medium GTs
 (24 - 62 MW)

Aero. GTs
(4 - 38 MW)

Floating production storage and

offloading units (FPSOs)

Long duration energy storage
(e.g., thermal storage)

Industrial heat pumps
(5 - 70 MW)

Services

Decarb.

portfolio

Incl. parts & components, long term programs, brownfield transformation, nuclear steam service, etc.

Customers
(> 800 worldwide)

IPP: Independent Power Producer     EPC: Engineering, Procurement and Construction contractor

EPCs
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Key Levers for Optimization
Energy System Design

ESD optimizes the design 

of an energy system 

with respect to a 

certain objective 

under given 

constraints.

Constraints

Limits on the energy system such as time of use tariffs, CO2 emissions, 

CAPEX, OPEX, land space, interconnect limits, tax incentives etc. …

Design

Technology selection and sizing, including operation.

Energy system

Combination of energy conversion technologies, energy storages, loads, 

grids and industrial processes. 

Optimization

Solving a mathematical optimization problem.

Objective

Achieve minimum total expenditures, CO2 emissions, or primary 

energy consumption. 
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How does ESD work?
Defining the techno-economic optimal energy system

Technology related

Performance models

Price indications

… for conversion, storage

and transmission units

Tailored Solution

Technology selection

Optimal capacities

Optimal operation schedule

Key performance indicators

Energy System Design

Case specific Sizing
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Selection

Optimal dispatch of technologies

Time at hourly resolution

$

Technology selection example Technology sizing example

… by multi-year mixed-integer linear optimization 



Input Data Results

Optimization objective:

Costs, emissions or other

Load profiles

Commodity prices

Renewables weather data

Technology pre-selection

… for an economic, sustainable 

and reliable energy system
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Case 1: Optimized Behind the Meter Hybrid 
Power Generation for Green Hydrogen 
Production 



Dr. Hilda Varshochi, SE ESD-Team | Restricted © Siemens Energy, 2025

7

Siemens Energy is a registered trademark licensed by Siemens AG.

Solar 

potential

Wind 

potential

Municipal 

water

PV Plant

Wind 

Turbines

BESS

H2-Storage

Electrolysis

Hydrogen 

market

Oxygen

ESD - West Texas H2 Production
Flow Chart, Scope and Target

Target:

Hydrogen production using PEM electrolysis technology and 

PV + wind power generation + BESS in West Texas, USA

Optimization:

• Optimize asset sizes for minimum levelized cost of 

hydrogen

• Assets: Wind & PV power, BESS, electrolyser, H2-

storage

Constraints:

• Land availability for renewable power generation

• Operation as power island

Scenarios:

1. Minimize LCoH for predefined annual H2-production 

range

2. Consider PV ITC, PV PTC, Wind ITC, BESS ITC

BESS – Battery Energy Storage System | ITC – Investment Tax Credit | LCoH – Levelized Cost of Hydrogen | PTC – Production Tax Credit | PV – Photovoltaics

Green 

electricity

“surplus”
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ESD of Green Hydrogen Production - West Texas 
Results: Dispatch profiles, Optimized Assets Case

Legend

PV

Wind

Electrolyzer

BESS

H2-Storage

Water

Electricity

Hydrogen

Curtailment

A
s
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s

Financial  

Parameters 

Scenario Stage
CoH

$/kg

LCoH

$/kg

Without any Tax Credit 

2025 5.20

5.202035 5.20

2045 5.20

With Power ITC

2025 4.45

4.452035 4.45

2045 4.45

With Power PTC

2025 3.59

4.292035 5.20

2045 5.20

With Power ITC and H2 PTC

2025 1.40

2.722035 4.45

2045 4.45

With Power PTC and H2 PTC

2025 0.59

2.592035 5.20

2045 5.20

Dispatch Profile of optimized assets for 30 kt/a hydrogen production (30 days snapshot)

• Optimal cost of green hydrogen production in West 

TX is estimated $5-6/kg or 37-45 $/MMBTU1

• Current price of NG is ~3.42 $/MMBTU1,2

1 Higher Heating Value (hhv)

2 Henry hub, April 2025
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Case 2: Optimized Behind the Meter Hybrid 
Power Generation for Data Center
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ESD Study | Prospective 500 MW Data Center

Opportunity: A customer is investigating using its existing wind infrastructure to power a 500 MW data center.

Objective: 
• Identify the lowest cost of energy (COE) energy system 

designs for powering the data center

Constraints:
• System availability of 99.99%

• Constraints on available wind and solar power capacity

• Available IRA tax credit opportunities

Scenarios:
1. Establish a baseline

2. Lowest cost system design

3. Lowest CO2 intensity system design

4. Develop collection of compromise system designs

Design Space
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ESD Study | Prospective 500 MW Data Center

Outcome | Value for Customer: A collection of energy system design concepts to support their unique decision-making requirements:

✓ Specific asset recommendations

✓ Asset size and dispatch

✓ System performance and cost (AACE Class 5)

✓ Decarbonization pathway planning

Year 1 TOTEX

Scenario
CO2 Int.
(lb/MWh)

COE 
($/MWh)

Cost Optimal 794 40.1

27% less CO2 579 42.2

65% less CO2 275 43.8

82% less CO2 145 51.9

Carbon free 0 93.9

Remove GT entirely and increase wind + solar

Add in GT (CC) and reduce grid power

2

3

Introduce wind + solar1

4 Add BESS and fire 
GT with H2

Decarbonization Pathway

W/ H2 at $37/MMBTU, NG at $2.6/MMBTU

Year 1 TOTEX
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A word on Carbon Capture
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Status of Carbon Capture & Storage in The USA

Current Hurdles

o High Costs: capture, transportation, storage 

o Infrastructure Gap: CO2 pipeline network, storage hub

Positive Development

✓ Policy backing: Class VI well approvals, Tax Credits

✓ Technological Innovations: New capture materials, Carbon Credit 

Market, Innovative system solutions

45Q Tax Credit

✓ Up to $85/tonne for storage in saline geologic formations captured from 

industrial and power gen. facilities. Up to $180/t for capture from DAC

✓ Construction must start before end of 2032. Then credits will run for 12 

years from beginning of operation.
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Siemens Energy and 8 Rivers Partnership

Water

2.75%

Water

2.75%
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Compressor

&Pump

VHow does it work?

It combusts carbon-based fuels – such as syngas – with 

pure oxygen to drive a turbine, generating power at high 

efficiency and enabling near-total CO₂ capture

Benefits

✓ Generating zero – to negative – emissions power

✓ Effective capture of pipeline ready CO2 

Allam-Fetvedt Cycle 

AFC is a novel oxy-combustion power cycle that uses 

supercritical CO₂ as the working fluid
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Thank you

Thiago Bianco

Data Center Business Development lead

Phone +1 704 3082568

E-mail thiago.bianco@siemens-energy.com

15

Haley Varshochi, PhD

Senior Energy System Designer

Phone +1 321 2304681

E-mail hilda.varshochi@siemens-energy.com

Joshua Brooks, PhD, PE

Energy System Designer

Phone +1 321 332-4649

E-mail joshua.brooks@siemens-energy.com
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Our gas turbine portfolio spans from 2 to ~ 600 MW – 
all turbines already with H2 co-firing capability

• Gas services gas turbine 

portfolio covers all turbine 

classes from 2 MW in small 

gas turbines up to 593 MW 

in heavy-duty gas turbines

• We have a clear roadmap 

to achieve 100% H₂-

capabilities until 2030, 

while markets and 

infrastructure get ready to 

support a more sustainable 

future

1) Compared with 100% natural gas operation

SGT5-9000HL

SGT5-8000H

SGT5-4000F

SGT5-2000E

SGT6-9000HL

SGT6-8000H

SGT6-5000F

SGT6-2000E

SGT-800

SGT-750

SGT-700

SGT-A35

SGT-600

SGT-400

SGT-300

SGT-100

SGT-A05

Gas turbine model H₂ capabilities in vol. % CO2 reduction 1) in %Power output 

450 MW

329 to 385 MW

198 MW

310 MW

215 to 260 MW

117 MW

27 to 37/28 to 38 MW

4 to 6 MW

45 to 62 MW

40/34 to 41 MW

33 to 35/34 to 36 MW

24/25 MW

10 to 14/11 to 15 MW

8/8 to 9 MW

5/6 MW

593 MW

440 MW

11%

11%

11%

11%

11%

11%

5/100%

11%

47%

17%

47%

47%

3/36%

11%

11/36%

23%

50Hz

50

30

30

30

50

30

30

30

75

40

75

15

75

10

30

30

30

Dry low 

emission burner

Diffusion burner with 

unabated NOx

Heavy-duty GT Industrial GT Aeroderivative GT

65

65

60Hz

50Hz

or

60Hz

Wet low 

emission burner

100

SGT-50 2 MW 1.5/11%305



Dr. Hilda Varshochi, SE ESD-Team | Restricted © Siemens Energy, 2025

17

• Growth: US Datacenters to demand up to 9% of US power by 2030. (2% today) 1

Fast building time,

Construction in phases

Plant efficiency, Electricity 

cost

Backup power startup time
Grid limitation / High price 

fluctuation of Electricity

Grid connection waits and 

availability
Green source, sustainable 

energy use 

Space constraints
Carbon footprint, wasted 

energy

Reliable and uninterrupted 

power supply - Availability
Permitting, Social and 

Public acceptance

Remove- Data Center Challenges

171 EPRI, Powering Intelligence: Analyzing Artificial Intelligence and Data Center Energy Consumption, 2024
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What is the typical process of an ESD study?

The results of the various 

optimizations are mainly 

presented in the format of 

a final presentation. 

Presentation & 

documentation

ESD model setup

Result & scenario 

evaluation

Input data acquisition 

and validation

In cooperation with the 

customer, all required 

input data are defined for 

a complete description of 

the energy system.

Project

kick-Off

The validated model is 

used to perform 

optimization calculations. 

Typically, a sensitivity 

analysis is carried out 

based on jointly 

determined parameters

Based on all available 

input data, the system 

model is built and 

undergoes a testing 

process to validate the 

plausibility of the 

optimization results.
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