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Project Background
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Integration of PV plants into the distribution grid

• Increasing amount of PV plants in the distribution grid 

 Voltage rise along the feeder at times with high PV infeed

 Amount of PV plants is limited because of the permitted voltage deviation of ±10%

• Grid-friendly charging of batteries and the supply of reactive power from battery inverters can reduce the voltage

Source: M. Kraiczy, L. Al Fakhri, T. Stetz, and M. Braun, “Do It Locally: Local Voltage Support by Distributed Generation - A Management Summary,” 2017



Our Solution

• Development of a SNOOPI-Box to control PV and battery inverter in the distribution grid

Project Background
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Smart Control: Contains a voltage regulation tool to control active and reactive power

Autonomous: Works independently without communicating with other boxes or devices

Transferable: Uses a SunSpec protocol to communicate with the inverter 

 Applicable to almost any PV or battery inverter

SNOOPI



Project Phases
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•Identification of possible field test areas
•Development of simulation modelsPhase 1

•Development of the voltage regulation toolPhase 2

•Successful tests of the regulation tool in the simulation modelPhase 3

•Successful tests of the regulation tool in the lab testsPhase 4

•Selection of field test areas
•Installation of battery systemsPhase 5

•Successful tests of the regulation tool in the field testPhase 6









10/2015

9/2018

()



Voltage Regulation Tool 
Reactive Power
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Voltage Depended Reactive Power Control

• Reactive power setpoints are determined using an autonomously parameterized Q(U) characteristic curve



Voltage Regulation Tool
Reactive Power
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Voltage Regulation Tool
Reactive Power
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Voltage Regulation Tool
Active Power
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Grid-Friendly Charging

• Self-consumption optimized charging: Battery is charged as soon as the PV power exceeds the load

Optimizes self-consumption but PV peak at midday is often fed into the grid, which increases the voltage

• Peak-shaving: Battery is charged during the midday peak

PV infeed is reduced but prognosis model is needed

Self-Consumption Optimized Charging Peak-Shaving



Voltage Regulation Tool
Active Power
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Prognosis Model

• PV generation is predicted as the positive sine half-wave, which reduces the 

predicted values to three: 

1. The PV generation peak

2. The time of sunrise

3. The time of sunset 

• Prognosis  is based on a rolling average of the PV generation of six days

• Improvement of the prognosis by a lower limitation and the adjustment of the 

prognosis to the global generation peak

• Charging power, which is determined day-ahead, is adjusted if the actual state 

of charges differs from the predicted state of charge
Results of the Predictions



Simulation Model in DIgSILENT PowerFactory 
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Modbus InterfacePython Interface for PowerFactory

DIgSILENT PowerFactory

Control Algorithm (Python)

Active Power in kW
Reactive Power in kVar
Voltage in V

Active [kW] and 
Reactive Power
Setpoints [kVar]

Active [%] and 
Reactive Power
Setpoints [%]

Active Power in W
Reactive Power in Var
Voltage in V



Lab Test
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Modbus InterfacePython Interface for Inverter (SunSpec)

Battery Inverter

Control Algorithm (Python)

Active Power in kW
Reactive Power in kVar
Voltage in V

Active [kW] and 
Reactive Power
Setpoints [kVar]

Active [%] and 
Reactive Power
Setpoints [%]

Active Power in W
Reactive Power in Var
Voltage in V



• Installation of 7 battery systems equipped with the SNOOPI-Box in the field test area

Field Test
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Source: Fronius, Adjustment: Energynautics



Field Test
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Field Test Area Monsheim Germany 
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Battery locations

PQA

PMU

PMU
PMU

PQA: Power Quality Analyzer

PMU: Phasor Measurement Unit

Feeder with Voltages between 
0.93 and 1.06 p.u.

PMU

PQA



Simulation Results
Reactive Power Control
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Learning Behaviour



Simulation Results
Reactive Power Control
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Q(U) Control

Q(U) Characteristic Curve

Exemplary Day



Simulation Results – Switching
Reactive Power Control
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Learning Behaviour

Switching



Simulation Results – Switching
Reactive Power Control
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Voltage and Reactive Power

Calibration

Voltage decreased 
 No reactive power infeed

Switching



Simulation Results
Active Power
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Sliding Prognoses vs. Self-Consumption Optimization

• Compared Charging Strategies:

 Strategy 1: Peak-shaving based on sliding prognosis

 Strategy 2: Self-consumption optimization

 Strategy 3: Peak-shaving based on perfect foresight

Examplary Day

• Results:

 Peak-shaving can reduce the voltage considerably

 The prognosis model ensures a self-consumption 
comparable to the standard control strategy

PV power in kWp
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Conclusion

• By an autonomous parameterization of the Q(U) curve, the inverters in a distribution grid are coordinated and help to reduce 
the voltage to the same extend

• Charging the battery at midday and cutting the PV peak reduces the voltage and loading considerably 

• By using the presented sliding prognosis, the self-consumption is hardly effected

 The SNOOPI-Box can be added to almost any battery system and without any major restrictions for the owner, it paves the 
way for a higher penetration of PV by keeping the voltage in its boundaries

For India?
• SNOOPI-Box can be used to coordinate PV-batteries and help to reduce the evening peak.

Conclusion
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THANK YOU FOR YOUR ATTENTION!


