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Introduction

Transition of today’s energy systems
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Energy system today and tomorrow SIEMENS
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Energy system today and tomorrow SIEMENS
... and in “reliable supply” scenario CNercy
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Transition towards a CO, free energy supply SIEMENS
Questions to be answered CNercy
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Case 1
Power to X for Fossil|
plants

Methanol production for increased revenues
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System Overview Today

Conventional Power Block
- CO, emitting
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- Fossil fuel
—> C02 Power Plant containing
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- process steam
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- Grid limitations
€ - Residual load (lifetime consumption, start costs)
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System Overview new w/ power to X

Conventional Power Block
- CO, emitting
- Biofuel
- Fossil fuel

o Power Plant containing

l - conventional power block
Fuel PN
- Methanol| €

\\/ Revenues

1 - Electricity
_ - spot market

- grid services

- Heat
- process steam
- district heat

a
(C=m]
o

REREVELIES

- Grid limitations
€ - Residual load (lifetime consumption, start costs)

Verena Klapdor | GT Technology 10
2021-10-14 © Siemens Energy, 2021




German load profile and stock exchange electricity price EEX SIEMENS
Calendar week 4 in 2019 CNercy
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German stock exchange electricity price EEX SIEMENS
26th and 27th of january 2019 CNeEercyY
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2018 hourly EEX spot prices in sorted order
Standard Power Plant
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Operation regime of Power-to-X Power Plant SIEMENS
- change of business model CNeEercyY
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Case Study 2
University Campus

CO,-free autarkic energy system
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Net-zero Energy System SIEMENS

CNercy
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Energy System Design Tool (ESD)

Local

customer

Technology options

Technology
pre-selection

Component
models and
parameters

.

Climate
data Power-to-Heat

[
b

Commodity
prices

boundary e

conditions

2021-10-14

cooling

Load profiles

b Energy system superstructure
Renewable
generation

B - Energy System Design (ESD)

N
Mandatory input Optional input

b

Siemens Energy is a trademark licensed by Siemens AG.

Technology
cost models

Output/
Distributed Demand
HVAC
Power

Wholesale
market

Heating

Cooling

Output

Technology &
component

Optimal capacities

Optimal operation
schedule

Economical analysis

SIEMENS
CNercy

ESD Modeling

Best energy

supply
solution

Verena Klapdor | GT Technology 17

© Siemens Energy, 2021



Cost optimized energy system SIEMENS
Use case: University campus (<20 MW) CNRIrcY
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Effectiveness of energy supply system in “island” operation SIEMENS
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Energy System Optimization SIEMENS
Results CNercy

The “Future” scenario resulted in a higher life cycle cost considering today’s fossil market conditions (e.g.,
higher H, and CO, prices),

CAPEX significantly higher than with “Reference” scenario but always cheaper than buffering with Battery
only

==+ with compression to 100 bar & DeOxo

- Ww/o compression & DeOxo

; e CO, prices in the EU
Y Figures in € per tonne of CO,

Sweden: € 108.81 (1991°)

Finland: € 62.18 (1990°)

Estonia: € 1.83 (2000°)
Latvia: € 914 (2004°)
Poland: € 0.09 (1990°)
Germany: € 25.00 (2021°)

Denmark: € 23.77 (1992°) France: € 44.81(2014%)

Ireland: € 25.60 (2010%) Slovenia: € 17.37 (1996°)
1000 2000 3000 4000 5000 6000 7000 | PRt ) i R
Operation time / h et it o . ista

1) Grey H, : Hydrogen produced by conventional methods as steam methan reforming
2) €6 ct/kWh: e.g. on shore wind (4-6ct./kWh)or PV in Germany
3) €3ct/kWh:Reachable in renewable intense regions like Nordics (Hydro Power), Patagonia (Wind), UAE (PV)

Expected development of prices (electrolyser, CO,) in the future will support to drive cost-
competitiveness of net-zero scenario
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HYFLEXPOWER

Case Study 3
HYFLEXPOWER

Power-to-H2-to-Power Demonstration project
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HYFLEXPOWER Power-H,-Power

Project ,

HYFLEXPOWER

World-first demonstration of a power-H,-power
path for CO,-free power generation pilot including
an advanced H, gas turbine

. _ . CENTRAX :.x.
Decarbonizing papermill by modernizing
combined heat and power plant in Saillat-sur- — f
Vienne, France. eS’c;‘ugn's(e |

Siemens Energy led consortium with project
value of 15.2 M€

Project Start: May 1st, 2020 - Duration: 4 years . AR e

University of
Athens

Demonstration Site

R HYFLEXPOWER has received funding from the European Union’s Horizon 2020 .
t***: research and innovation programme under Grant Agreement No. 884229 Power Plant Operator, academla and OEM formed Strong
consortium demonstrating CO,-free power generation
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EU Framework Horizon 2020: HYFLEXPOWER
Project Concept & Key Milestones

Installation of the H,
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supply facility at site
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HYFLEXPOWER has received funding from the European Union’s Horizon 2020
research and innovation programme under Grant Agreement No. 884229
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HYFLEXPOWER

;

Smurf;j Kapp_,§GT @“ian-ﬁ o}

»‘rﬁ
Expected Results & Impacts

* Industrial scale power-H,-power solution pilot

o Importance of H, as long-term energy storage
technology

o Decoupling renewable energy power generation
from demand and enabling additional revenue

streams
o Utilization of existing assets to produce green power
& heat
+ Validation of SGT-400 dry low emissions (DLE) high-H,
joo) e,.ﬁ,rfg, ‘ CENTRAX  CSmurtitKappa | technology with up to 100% H2

 Economic, environmental & social assessments for
Here, we are testing

] ! business case evaluation, carbon footprint, & policy
! a Green Hydrogen Technology Pilot Plant - = .
For a Carbon-Free Energy Transition® L\ : recommendations

* ¥ %

* %

! HYFLEXPOWER has received funding from the European Union’s Horizon 2020
L research and innovation programme under Grant Agreement No. 884229
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Conclusion

The way forward for transitioning energy systems
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Energy System Transition

« Existing System not easy to switch in one
day but gradual change to final system

» Opportunities for new revenue streams
within existing system and integration of
Power-to-X

« Heat needs to be considered in the
equation

» Technology under development with

decreasing prices expected to support
transition implementation

2021-10-14

PEM 300 Electrolyzer
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Thank you.
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