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Project Background

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 210%

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

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

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

\ Transferable: Uses a SunSpec protocol to communicate with the inverter

- Applicable to almost any PV or battery inverter




Project Phases

P h 1 e |dentification of possible field test areas
ase * Development of simulation models

10/2015
v
v
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P h 5 e Selection of field test areas
( /) ase e [nstallation of battery systems

e Successful tests of the regulation tool in the field test

P h ase 2 e Development of the voltage regulation tool
P hase 3 e Successful tests of the regulation tool in the simulation model

P h ase 4 * Successful tests of the regulation tool in the lab tests

9/2018

\
7]
energynautics

solutions for sustainable development



e
Voltage Regulation Tool /i--...
Reactive Power energynautics

solutions for sustainable development

Voltage Depended Reactive Power Control

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

0 : : : : Parameter:

gmaxr | : : c
Qmax Qmin: Max./ min. reactive power of the inverter
Uy : Nominal Voltage

0 Unnasxe» Umin: Max./ min. measured voltage

Parameterization:
Uy = Unax

Q o | | U3:UN+0'5'(UTH(IX_UN)

vmmn . ' ' '

I ! I | BEI=TiE
U U Uy U U

Uz = Upin + 0.5 - (Upax — Uy)
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Coordinated behavior of all inverters

* The voltage at the beginning of the feeder is smaller than the voltage at the end of the feeder:
Dependency of the starting point U; on U,,,., =2 all inverters will start to provide reactive power at the same time

* Reactive Power provided at the beginning of the feeder has a smaller influence on the voltage:

The Q(U) curve is steeper if the maximum voltage is smaller = inverterts at the beginning of the feeder will have a steeper

Q(U) curve
QF PPPPPP
Parameterizgtion:
0
Uz =Uy + 0.5 (Unax — Uyn)
Qumin '_U2 = Upin + 0.5 * (Uax — Up)

Uy U, Ux U, U,
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Change in the Grid Topology

* Grid Topology changed:
= |nverter from the beginning of the feeder is now located at the end of the feeder
=2 U, ,4x is adjusted automatically by measuring the higher voltages
= |nverter from the end of the feeder is now located at the beginning of the feeder

=2 U,a Will remain at its high value

* Solution: Determining the influence of the reactive power on the voltage
» Influence will change if the grid topoloy is changed = U, Will be determined newly
= Calibration in the first night of every month:
— 100 different reactive power setpoints are passed to the inverter

— The influence is determined by dividing the change of the voltage dU by the change of the reactive power dQ

. , , dU _ 1an (dU
— Other influences are filtered out by taking the average: P ;Zi=1 (E)
L
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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
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Voltage Regulation Tool

Active Power

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
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power in W, time in min
)
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month
— maxima in watt — predicted maxima
—— sunset in minutes — predicted sunset
— sundown in minutes — predicted sundown

Results of the Predictions
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DIGSILENT PowerFactory

Active Power in kW
Reactive Power in kVar
Voltage in V

Active [kW] and
Reactive Power
Setpoints [kVar]

Python Interface for PowerFactory

Active [%] and
Reactive Power
Setpoints [%]

Active Power in W
Reactive Power in Var
Voltage in V

Control Algorithm (Python)
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Battery Inverter

Active Power in kW
Reactive Power in kVar
Voltage in V

Active [kW] and
Reactive Power
Setpoints [kVar]

~-

Python Interface for Inverter (SunSpec)

Active Power in W
Reactive Power in Var
Voltage in V

Active [%] and
Reactive Power
Setpoints [%]

-

Control Algorithm (Python)

11



Field Test

* |nstallation of 7 battery systems equipped with the SNOOPI-Box in the field test area

—— o =y

PV Plant

PV Connection

- o =

Household
Fronius Energy Package

Source: Fronius, Adjustment: Energynautics

Connection Diagram

EWR Grid
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Field Test Area Monsheim Germany

PQA: Power Quality Analyzer

PMU: Phasor Measurement Unit

Feeder with Voltages between
0.93 and 1.06 p.u.

Battery locations
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Simulation Results

Reactive Power Control

Learning Behaviour
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Learning Behaviour

0.010

— 031 — 092 095 — 121 177 — 185 r— 189

0.008 1

du : :
New o0 after calibration \

U 0006
do - - "\

0.004

0.002 1

0.000

1.07

— 031 — 092 095 — 121 177 —185 — 189
1.06 1

1.05 1
New U, qx

iy — 1.04 1

1.03 1

1.02

Switching

1.01 1

<«

1.00

25-06
26-06
27-06
28-06 4
29-06
30-06
01-07
03-07 -
05-07

04-07 -

02-07

17




e
Simulation Results — Switching /i--...
Reactive Power Control - energynautics

solutions for sustainable development

Voltage and Reactive Power
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Simulation Results

Active Power

Sliding Prognoses vs. Self-Consumption Optimization

e 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

0 4 8 12 16 20 23
time
— strategy 1 --- strategy 2 --- strategy 3
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e Results:

Proportion of Self-Consumption

Peak-shaving can reduce the voltage considerably

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

_ 12 kWh

70% L — 10 kWh
8 kWh
60% _ 6 kWh
— 4kWh

500 S
40%

30%

20% \

10% Direct Consumption
0% ‘
4 5 6 7 & 9 10 11 12
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.
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