
The Hydropower Extending Power System Flexibility (XFLEX HYDRO) 
project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 857832

Z’Mutt – Variable speed model (with and without SPPS)
Block Diagram for FCR and aFRR provision
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Z’Mutt – Variable speed model (with and without SPPS)
Model’s input signals, output signals and parameters

Input signals:

• Δf – grid frequency deviation from 

setpoint, given by fgrid - fset (p.u.)

• Pset – power setpoint (p.u.)

Output signals:

• Pele – electrical active power (p.u.)

Parameters:

• Kd – derivative gain (p.u.)

• Td – filter time constant for SI (s)

• Psynt
max – SI maximum limit (p.u.)

• Psynt
min – SI minimum limit (p.u.)

• Rp – permanent droop (p.u.)

• Tp – filter time constant for FCR (s)

• PFCR
max – FCR maximum limit (p.u.)

• PFCR
min – FCR minimum limit (p.u.)

• RoC limit – Rate of Change limit (p.u./s)

• Tf – converters delay time constant (s)
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Z’Mutt – Variable speed model (with and without SPPS)
FCR input signals

FCR input signals
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Z’Mutt – Variable speed model without SPPS
FCR service provision

Frequency deviation: -200 mHz Frequency deviation: +200 mHz
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Frequency deviation: -200 mHz Frequency deviation: +200 mHz

Z’Mutt – Variable speed model with SPPS
FCR service provision
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Z’Mutt – Variable speed model (with and without SPPS)
FCR service provision

Frequency deviation: -200 mHz Frequency deviation: +200 mHz
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aFRR input signals (Turbine mode - without SPPS) aFRR input signals (Pump mode - with and without SPPS)

Z’Mutt – Variable speed model (with and without SPPS)
aFRR input signals
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Turbine mode - with SPPS:  Operation mode not assessed
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Z’Mutt – Variable speed model without SPPS
aFRR service provision

Pmin to Pmax Pmax to Pmin
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Z’Mutt – Variable speed model with SPPS
aFRR service provision

Turbine mode

Operation mode not assessed



10

Z’Mutt – Variable speed model (with and without SPPS)
aFRR service provision
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