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Power-to-X system and dynamic operations
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Power-to-X system and dynamic operations

Why “dynamic operations”?
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Power-to-X system and dynamic operations

What “dynamic characteristics”?
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Power-to-X system and dynamic operations

What “dynamic characteristics”?

A\

User Manual
Electrolyzers
Ramping rate and required time for dynamic operations: How fast can we run the
/ | I I o Start up: = electrolysis system?
» H, o Load change: _
| I | I o Switch to Standby mode (hot/cold): o Any influence on system
o Shut down: lifetime?
7\ — > 02
Load range o
Dynamic operations — Heat o Upper limit: ‘ Limit
Water S ‘Uw o Lower limit: o Unfavorable conditions?
supply -
' Energy efficiencies m) 10
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Electrolysis system - dynamic characteristics What/where “dynamic characteristics” ?

User Manual T
Water purification
Dynamic Power supply | and supply system
Alkaline Electrolyzer PEM SOE O, Product
characteristics 2 A SEIEIT
<20 min? 5
<60 min?! 5
Cold-start time <1min hours _— -
30-60 min2 O./liquid H,/liquid
5min* separation separation
Hot-start time 5 seconds 2 1 second* Seconds? Cooler
A
0-10% ! >30% ! A
Lower operation load 10-40% 1 , . H,/liquid
0, 0,
>5% >5% separation
Upper operation load 105% > 150% > 100% ©
Electrolysis y
10%/s 3 y
Ramping rate 20%/s 4 \ 10%/min © Stack H,
o) R
100%/s tank
Energy efficiency
73-75% (100% load)? > 75.5% <110%* v
(system)
Energy consumption Cool Purification
Hydrogen production ooler Cooler
Degradation rate
Other operations (e.g., )
Idle, shutdown) Electrolyte mixture H, Product
Alkaline Electrolysis system



Electrolysis system - dynamic characteristics

User Manual

Dynamic
Alkaline Electrolyzer PEM SOE
characteristics
< 20 mint
<60 min?
Cold-start time <1min?3 hours
30-60 min?
5 min 4
Hot-start time 5 seconds 2 1 second * Seconds!
0-10%1 >30% !
Lower operation load 10-40% 1
>5% 2 >5% 6
Upper operation load 105% > 150% > 100% ©
10%/s 3
Ramping rate 20%/s 4 10%/min ©
100%/s*
Energy efficiency
73-75% (100% load)? > 75.5%3 <110%1
(system)

Energy consumption
Hydrogen production

Degradation rate

Other operations (e.g.,
Idle, shutdown)

Slow step

Energy consumption step
E.g., preheating, safety
check, gas purging ...



Electrolysis system - dynamic characteristics

User Manual
Dynamic
Alkaline Electrolyzer PEM SOE
characteristics
<20 min?
<60 min?!
Cold-start time <1 min?3 hours
30-60 min?
5 min 4
Hot-start time 5 seconds 2 1 second * Seconds?!
0-10%1 >30% 1
Lower operation load 10-40% 1
>5% ? >5%°
Upper operation load 105% > 150% ° 100% °©
10%/s 3
Ramping rate 20%/s 4 10%/min ©
100%/s*
Energy efficiency
73-75% (100% load)? > 75.5%?3 <110% !
(system)
Energy consumption
Hydrogen production
Degradation rate
Other operations (e.g.,
Idle, shutdown)

Also depends on single stack size
E.g.,

e Alkaline: more than 10 Mw

e PEM: Mw

 SOE: below 100 kW




Electrolysis system - dynamic characteristics

User Manual
Dynamic
Alkaline Electrolyzer PEM SOE
characteristics
<20 min?
<60 min?!
Cold-start time <1 min3 hours
30-60 min?
5 min*
AC:DC operation
Hot-start time 5 seconds ? 1 second * Seconds? Pressure: 0-6 bar
- — Temperature: up to 750°C
Lower operation load 10-40% 1 ° 0 Single cell/short stack testing
>5% ? > 5% © (30-100 W)
Upper operation load 105% > 150% ° 100% °©
10%/s 3
Ramping rate 20%/s 4 10%/min ©
100%/s*
Energy efficiency
73-75% (100% load)? > 75.5%3 <110%1*
(system)
Energy consumption
Hydrogen production
| Degradation rate | High-pressure SOE setup
Other operations (e.g., - MESH project
Idle, shutdown)




e-fuel production - dynamic characteristics

User Manual

What/where “dynamic characteristics” ?

Dynamic

characteristics

Methanol

Ammonia/Methane

Cold-start time

Hours to Days

(system)

Hot-start time Minutes
Lower operation load 10% 10%/...
Upper operation load 120% 100%/...
Ramping rate Minutes
Energy efficiency
70-80%

Energy consumption
Fuel production

Degradation rate

Other operations
(e.g., Idle, shutdown)
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e-fuel production - dynamic characteristics

User Manual

What/where “dynamic characteristics” ?

Dynamic

characteristics

Methanol

Ammonia/Methane

Cold-start time

Hours to Days

(system)

Hot-start time Minutes
Lower operation load 10% 10%/...
Upper operation load 120% 100%/...
Ramping rate Minutes
Energy efficiency
70-80%

Energy consumption
Fuel production

Degradation rate

Other operations
(e.g., Idle, shutdown)
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e-fuel production - dynamic characteristics

User Manual

Dynamic
Methanol Ammonia/Methane
characteristics
Cold-start time Hours to Days
Hot-start time Minutes
Lower operation load 10% 10%/
Upper operation load 120% 100%/
Ramping rate Minutes
Energy efficiency
70-80%
(system)

Energy consumption
Fuel production

Degradation rate

Other operations
(e.g., Idle, shutdown)
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- Power2Met project

220 tons / year e-methanol
o0 60 Nm3/h H2
(250 kW Alkaline electrolyzer)
o 20 Nm3/h CO2 (Gas bottle)
o Operating pressure: 30 bar
o Operating temperature: 200-300°C

Reactor temperature, °C
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Preliminary plant operation

Dynamic modeling by Aspen Plus
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Power-to-X system and dynamic modeling
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1
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Running
A D E ! Cold state
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Power-to-X system and dynamic modeling
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* Co-simulation? Aspen Plus
e Surrogate model? MATLAB
A < ::>
5 * One software ? Python

e Other software ?

B <:> ¢ A Electricity sector
B Electrolysis system
C Chemical and other sectors

D Other energy storage

E Hydrogen storage
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Power-to-X system and dynamic modeling
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e Co-simulation ? Aspen Plus
al¢—>le D E 4[ * Surrogate model? ] MATLAB
A == S — x * One software ? Python

"""""""" * Other software ?

A < > B KK C
B <:> c J‘> Aspen Plus Dynamic Surrogate model in Matlab
= = (methanol plant) (ML)
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Thank you!
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