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Droop control in LV-Grids
Alfred Engler, Nikos Soultanis

Abstract— Remote electrification with island supply systems,
the increasing acceptance of the microgrids concept and the
penetration of the interconnected grid with DER and RES require
the application of inverters and the development of new control
algorithms. One promising approach is the implementation of
conventional f/U-droops into the respective inverters, thus down
scaling the conventional grid control concept to the low voltage
grid. Despite contradicting line parameters, the applicability of
this proceeding is outlined and the boundary conditions are
derived.

Index Terms— droops, low voltage grids, micro grids, control,
distributed generation, DER, RES, VSI.

I . INTRODUCTION

REMOTE electri�cation with island supply systems,the
increasingacceptanceof the microgridsconcept[1] and

the penetrationof the interconnectedgrid with DER andRES
require the application of invertersand the developmentof
new control algorithms.

One promising approachis the implementationof con-
ventionalf/U-droopsinto the respective inverters,thus down
scalingtheconventionalgrid controlconceptto thelow voltage
grid. By this methodologya superiorsystemarchitectureis en-
abled,providing redundancy, enablingexpandabledistributed
systemsand avoiding vast communicationexpense.With the
developmentof thecontrolalgorithmselfsyncTM theoperability
of droopsin invertershasbeenproven.

Beingbasedonconventionaldroopsthiscontrolconceptcan
be derived from inductive coupledvoltagesources.A voltage
sourcecombinedwith an inductancerepresentsa high voltage
line with a stiff grid or a synchronousmachine(generator).
Here the reactive power is relatedwith the voltage and the
active power with the phaseshift or respectively with the
frequency. This changeswith the low voltage line and its
resistive character, where reactive power is relatedwith the
phaseshift andactivepower with thevoltage.Neverthelessthe
droopconceptis still operabledueto its “indirect operation”,
which will be outlinedbelow.

I I . DROOP CONTROL

In expandabledistributed inverter systemscommunication
and/or extra cabling can be overcomeif the invertersthem-
selvessettheir instantaneousactive andreactive power. In [2],
[3] a concepthasbeendevelopedusingreactive power/voltage
and active power/frequency droopsfor the power control of
the inverters.The droopsare similar to thosein utility grids
(s.Fig. 1). Thesupervisorycontroljustprovidesparameterset-
tings for eachcomponent,which comprisethe idle frequency,
theidle voltage,theslopesof thedroopsandbasiccommands.
This way expensive controlbussystemsarereplacedby using
thegrid quantitiesvoltageandfrequency for theco-ordination

of the components.Such approachresults in the following
features:

� simpleexpansionof the system
� increasedredundancy, as the systemdoesnot rely on a

vulnerablebus system
� for optimisationa simplebus systemis suf�cient
� a simpli�ed supervisorycontrol
� morecomplex control tasksin the components.

Additional redundancy in grids can be achieved by using
voltagesourceinverters(VSI) in parallel.Thisapproachavoids
the master/slave operation.In fact, all VSIs form the grid.

Theinvertersarecoupledvia theinductancesresultingfrom
their �lters for thepulsesuppressionandof decouplingchokes
(s. Fig. 2). But thecon�guration in Fig. 2 is dif�cult to handle
aswill be shown. The active power P andthe reactive power
Q of the voltagesourcescanbe calculatedas follows:

P1 =
U1;e� � U2;e�

! N (L 1 + L 2)
sin � (1)

Q1 =
U2

1;e�

! N (L 1 + L 2)
�

U1;e� � U2;e�

! N (L 1 + L 2)
cos� (2)

A phaseshift � betweentwo voltagesourcescausesactive
power transmission.Reactive power transmissionis dueto the
voltagedifferenceU1 � U2. Assumingstandardvaluesfor the
inductanceL 1 andL 2 resultsin very sensitive systems,where
evensmallestdeviationsof thephaseandthemagnitudecause
high currentsbetweenthe inverters.This sensitivity is the rea-
sonwhy �x edfrequency and�x edvoltagecontrolledinverters
can't operatein parallel.Thereis alwaysa voltagedifference
dueto tolerancesof the sensors,references,temperaturedrift

f

f0

0-1 1P
PN

Df -1%

u

u
0

0-1 1Q

QN

Du -4%

Fig. 1. Conventionaldroopsin the interconnectedgrid
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Fig. 2. Inductive coupledvoltagesources
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andageing(e. g. 1 - 5%) andalsocrystalsarenot equal.The
frequency errorsof the crystalsare integratedover the time,
resultingin hazardousangledifferences(s. Eq. 1).

The obvious methodfor implementingfrequency droopsis
to useP as a function of f . But in a real systemobtaining
an accuratemeasurementof instantaneousfrequency is not
straight-forward.Measuringinstantaneousrealpower is easier.
It has thereforebeenproposed[2] a control with f to be a
function of P: the VSI output power is measuredand this
quantity is usedto adjustits output frequency.
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Fig. 3. Control approachselfsyncTM by ISET e. V., Kassel,Germany [4]

Firstly this control approach,namedselfsyncTM, was im-
plementedinto the battery inverter SunnyIslandTM for rural
electri�cation (s. Fig. 4). For an experiment[5] threeof these
inverters programmedwith this schemewere connectedon
a single phaseto an ohmic load, eachvia a thin low voltage
cable.Thefrequency droopof theinvertersdenotedby L 1, L 2

in Fig. 5 was set to 1 Hz/ratedpower. The inverter denoted
with L 3 was set to 2 Hz/ratedpower. It is evident that this
methodallows L 3 to supply a smaller proportion of power.
Theloadsharingcorrespondsto thesettings.L 1, L 2 areequal,
L 3 half of it. Noticeableis the phaseshift of L 3 to L 1, L 2

which is due to the different loadingof the cables,causinga
slight voltagedifferencebetweenthe inverters,which results
in reactive power �o w.

The compatibility of selfsyncTM with rotatinggenerators[6]
andcompatibility with the grid [7] will be outlinedin the full
paper.

I I I . IMPLICATIONS OF LINE PARAMETERS

A. Power transmissionin the low voltage grid

Table I shows the typical line parametersR0, X 0 and
the typical rated current for the high-, medium- and low
voltagelines.Assuminginductivecoupledvoltagessourcesfor
representingthedroopcontrolledinvertersandthedistribution
systemwould be only correct for the high voltage level. A
mediumvoltageline hasmixedparametersandthelow voltage
line is even predominantlyresistive.

TABLE I

TYPICAL LINE PARAMETERS [8]

Type of line R' X' I N
R 0

X 0


 /km 
 /km A
low voltageline 0.642 0.083 142 7.7
mediumvoltageline 0.161 0.190 396 0.85
high voltageline 0.06 0.191 580 0.31

Fig. 4. Two batteryinvertersSunnyIslandTM by SMA RegelsystemeGmbH,
Kassel,Germany operatingin parallel (ratedpower 4.2 kW, clock 16 kHz,
coupling inductor0.8 mH)
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Fig. 5. 3 kW steadystateoperation;load sharingof threeSunnyIslandsTM

running in parallel

The active power P and the reactive power Q of resistive
coupledvoltagesources- herean inverteranda grid - canbe
calculatedas follows with the notationaccordingto Fig. 6:

Qinv =
Uin v ;e� � Ugrid ;e�

Rline
sin � (3)

Pinv =
U2

in v ;e�

Rline
�

Uin v ;e� � Ugrid ;e�

Rline
cos� . (4)

equivalent circuit phasor diagram
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Fig. 6. Resistive coupledvoltagesources

Eq. 4 revealsthat the active power �o w and the voltageis
linked in the low voltage grid. A phasedifferencebetween
the voltage sourcescausesreactive power �o w (s. Eq. 3).
This fact suggeststo use active power/voltage and reactive
power/frequency droops- hereinaftercalled“oppositedroops”
- in the low voltagegrid insteadof reactive power/voltageand
active power/frequency droops- hereinaftercalled “conven-
tional droops”.
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B. Comparisonof droop conceptsfor the low voltage level

In the following the advantagesanddisadvantagesof using
conventionalor inversedroopson the low voltage level are
discussed.The boundaryconditionsfor applyingconventional
droopsin low voltagegrids will be outlinedafterwards.

In the low voltage grid the voltage pro�le is linked with
the active power distribution. Reactive power is not suitedfor
voltagecontrol.From a system's view thevoltagecontrol and
theactive power dispatcharethemajorcontrol issues.TableII
shows prosandconsof using thesetwo droopconcepts.

TABLE II

COMPARISON OF DROOP CONCEPTS FOR THE LOW VOLTAGE LEVEL

conventionaldroop oppositedroop
compatiblewith HV-level yes no

compatiblewith generators yes no
direct voltagecontrol no yes
active power dispatch yes no

As onecanseefrom theTableII theonly advantageof using
the inversedroops is the direct voltage control. But if one
would control the voltagethis way, no power dispatchwould
be possible.Eachload would be fully suppliedby the nearest
generator. As this generallyis not possible,voltagedeviations
would remain in the grid. Using conventionaldroopsresults
in connectivity to thehigh voltagelevel, allows power sharing
alsowith rotatinggeneratorsandaprecisepowerdispatch.The
voltagedeviationswithin the grid dependon the grid layout,
which is today's standard.

IV. INDIRECT OPERATION OF DROOPS

Basically, the conventional droop is operablein the low
voltagegrid dueto thegenerator'svoltagevariability by means
of exchangingreactive power. The reactive power of each
generatoris tuned the way that the resulting voltage pro�le
satis�es the desired active power distribution. In the low
voltagegrid thereactivepower is a functionof thephaseangle
(s. Eq. 3). This is adjustedwith theactive power / frequency -
droop.Thecontrolsenseof theentireloophasto beconsistent.
Four stableoperatingpointsresult,two of which make sense,
dependingon the slopesof the droops.

A mathematicalderivation and respective simulationswill
be presentedin the full paper, explaining the effectivenessof
the “indirect operation”of the droopcontrol in LV-grids.

V. CONCLUSION

It hasbeenshown thatthedroops,usedin theinterconnected
grid, can be used effectively on the low voltage level due
to their “indirect operation”.So far, this effect hasnot been
reportedabout.The only boundaryconditionis the samesign
for the frequency as well as for the voltage droop factors.
As a consequenceof this outcome the control strategy of
the conventionalgrid can be down scaledto the low voltage
level without any restrictions.This coherencewill supportthe
introductionof DER and RES on the low voltage level and
concernsaboutgrid stability andsafetycanbe alleviated.

Still the questionof voltage control remainsopen,which
shouldbe supportedby the grid layout. However, in order to
improve the situation the partial compensationof lines has
beensuccessfullydemonstratedby meansof simulation.
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