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Efficient Control of Active Transformers for
Increasing the PV Hosting Capacity of LV Grids

Seyedmostafa Hashemi, Student Member, IEEE, Jacob Ostergaard, Senior Member, IEEE, Thomas Degner,
Ron Brandl, and Wolfram Heckmann

Abstract— The increased penetration of grid-connected
photovoltaic (PV) systems in low voltage (LV) grids creates
concerns about overvoltage in these grids. The proposed methods
to prevent overvoltage, such as reactive power absorption by PV
inverters and active power management of customers, focus on
decreasing the voltage rise along LV feeders, and the potential of
active medium voltage to low voltage (MV/LV) transformers for
overvoltage prevention has not been thoroughly investigated.
This paper presents the application of active MV/LV
transformers for increasing the PV hosting capacity of LV grids.
The potential interferences between the operation of active
transformers and the reactive power absorption by PV inverters
are investigated, and a voltage droop control approach is
proposed for the efficient control of these transformers during
high PV generation periods. The proposed method can
potentially increase the PV hosting capacity of the grid, while
eliminating the need for a complex and centralized controller.
The voltages of specific locations or the grid state estimations
provide adequate data for adjustments of the droop parameters.
The simulations and field test results associated with the
implementation of the proposed method to a newly developed
active LV grid with high PV penetration in Felsberg, Germany,
confirm the efficiency of the proposed method.

Index Terms— low voltage grid, active transformer, high PV
penetration, voltage control, reactive power management.

I. INTRODUCTION

N recent years, the penetration of PV systems in electric

power systems has increased. More than 38 GWp PV
installations were reported in both 2013 and 2014, and at the
end of 2014 the worldwide cumulative capacity had reached
177 GWp [1]. The majority of installed PVs are small-scale
units, usually connected to LV distribution systems.
According to EPIA, in 2012 rooftop PV took first place with
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around 12 GWp in the net power generation capacities added
into the 27 European countries’ electricity grid [2]. Although
the PV market is a policy-driven market, trends suggest that
the rooftop PV penetration will continue to increase [2].

Due to the increase in decentralized PV installations,
concerns regarding the effects of these new generation units
on the power quality of LV grids have also increased. Reverse
power flow, which can cause overvoltage in LV grids [3], [4],
is associated with high PV penetration, and different methods
are proposed for overcoming this challenge. Reactive power
absorption by PV inverters is one of the solutions proposed to
prevent overvoltage in the grid, and is usually applied to PV
inverters using droop control methods [5]. Applying demand
side management (DSM) [6] and energy storage application
[4], [7] are other methods that can increase the load
consumption during high PV generation periods and decrease
the reverse power flow in the grid. The effectiveness of these
methods depends on the grid characteristics, PV inverter
technologies, and customers’ behavior.

The majority of the proposed methods to prevent
overvoltage focus on decreasing the voltage rise along LV
feeders. The application of active MV/LV transformers is
another of the methods that has been proposed recently, and it
is applicable in almost all LV grids. The application of active
MV/LV transformers in LV grids with high PV penetration is
investigated in [8], and it is concluded that these transformers
can potentially solve the rise in voltage problem in high PV
penetration conditions. In [9], a probabilistic simulation
environment is proposed and by comparing the overvoltage
occurrence frequencies of a grid with and without applying
active transformers, the effectiveness of applying these
transformers is shown. Another recent study has assessed
different voltage control methods in 40 real LV grids and
concluded that the application of an active MV/LV
transformer has the highest technical potential to increase the
PV hosting capacity of those grids [10]. Voltage unbalance
can also be mitigated using three-phase MV/LV transformers
with three decoupled single-phase tap-changer [11]. The
utilization of active MV/LV transformers in LV grids with
high PV penetration is still rare; however, there is an
increasing tendency to use these transformers to facilitate high
PV integration in LV grids [12]. These active transformers can
be transformers with on-load tap-changers (OLTCs) or solid-
state and full power-electronic-based transformers. The
structures of these transformers are different; however, their
control concepts for grid voltage control are similar.
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Although the application of active transformers is an
effective solution for overvoltage prevention, efficient control
of the active transformers is essential to increase their lifespan
and provide efficient voltage control in the grid during high
PV generation periods. The methods proposed for controlling
the active transformers for overvoltage prevention in high PV
penetration conditions are mainly based on getting real-time
feedback from all or selected buses in the grid using
communication infrastructures and sending voltage set points
to the control units of active transformers [5], [13]-[15].
However, the initial investment and ongoing operational costs
of the information and communication technology (ICT)
infrastructures can increase the overall cost considerably and
decrease the economic efficiency of applying active
transformers [5]. On the other hand, the local fixed voltage set
point method, which does not require the ICT infrastructures,
cannot fully exploit the technical advantages of applying these
transformers even if tuned properly. In addition, as new PV
inverters have the capability of the reactive power absorption
during high PV generation periods, coordination between the
reactive power absorption by PV inverters and the active
transformer operation is required to prevent undesired
operation of the transformer.

In this paper, a voltage droop control method is presented
for the efficient control of active MV/LV transformers in high
PV penetration conditions. This method allows a wider range
of voltage increase and can potentially increase the PV
hosting capacity of the grid. By using measured data available
at the transformer substation, the need for ICT infrastructures
is eliminated, and the effect of reactive power absorption on
the operation of the active transformer can be considered in
the method. The method is applied to an active LV feeder,
located in Felsberg, Germany, and the proposed method and
the simple fixed voltage set point approach are compared
using the measured data.

The structure of the paper is as follows. In the section II,
the voltage rise problem in high PV penetration is discussed.
The methods proposed for increasing the PV hosting capacity
of the grid using active and reactive power management are
presented in section III. Then, the effectiveness of applying
active MV/LV transformers for overvoltage prevention and
the proposed droop control method for efficient control of the
transformer are discussed in section IV. Finally, simulations
and field test results are discussed in section V, and the paper
conclusion is presented in section V1.

II. VOLTAGE INCREASE CAUSED BY PV SYSTEMS

To have an acceptable voltage profile at the customer point
of common coupling (PCC), the maximum and minimum
voltages of the customers have to be kept in the allowed band
determined by the standards. Active power feed-in by PV
systems can increase the PCC voltage to an unacceptable
level. To examine a worst-case scenario concerning
overvoltage, let us suppose that all PVs are collected at the
end of the feeder, as shown in Fig. 1. The net feed-in current
to the grid from the PV PCC can be calculated by:

MV/LV
Transformer

PV

Fig. 1. A worst-case scenario concerning overvoltage, with all PVs collected

at the end of feeder.
* P o .

Upce Up

where Suf'is the net apparent power injected into the grid, Uy,
is the voltage at the LV side of MV/LV transformer, Upcc is
the voltage at the PV point of connection, /pyis the PV feed-in
current, and /; is the load consumption. The voltage at PCC
can be calculated as:

S

lnf =Ip, -1, =

P —3Q

Upce =Uy, +Zy Ly =Uy + (Rm + ij)[ U
th

] )
=U +jU,
where Z, is the thevenin impedance from the LV feeder of

MV/LV transformer to the PV bus, and U, and U, are the real
and imaginary parts of the Upcc, respectively. For most

connection points in distribution systems, the U’ >> U [10];

therefore, the approximate voltage magnitude at PCC can be
simplified as follows:

P x Rth + Q X Xz‘,h,

U ~ U, + 3)
PCC th U,
The voltage increase at PCC can be calculated as:
(AUXU, )~ (PxR, +QxX,) )

According to the standards applied to LV grids, the voltage at
the connection point has to be limited to a specific amount.
Suppose that the maximum voltage increase is limited
to AU__ ; therefore, the maximum active power that can be

max

injected into the grid without overvoltage is as follows:

P :(AUmaxXUth_QXXthj
max R

th

®)

If the active power increases to more than P, defined in
(5), the PCC voltage exceeds the allowed boundary. To
illustrate further, the output power of a PV panel with a
capacity of 10 kWp, located at the Technical University of
Denmark, and its PCC voltage are shown in Fig. 2. The PV is
connected to a weak grid, and a voltage dependent active
power curtailment strategy is applied to the PV inverter to
prevent overvoltage. As can be seen, due to a switching action
in the MV network, the active power output is reduced by
around 17% at around 11:00. In addition, during the time
when the PV generation usually peaks, the PV output is
curtailed at around 5.5 kW.

III. INCREASING THE PV HOSTING CAPACITY USING THE
ACTIVE AND REACTIVE POWER MANAGEMENT

According to (5), three main factors determine the
P. AU ., OxX,,andR, . To decrease the R, , the lines

max h > th °
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Fig. 2. Output power of a PV panel and its PCC voltage.

have to be replaced by stronger lines or new lines have to be
constructed to reinforce the grid. Although the grid
reinforcement is an effective solution, the associated cost is
usually high [16]. The reactive power absorption by PV
inverters and active power management are other methods that
are described in the following.

A. Active power management

The active power management can be performed using
three main approaches: active power curtailment, demand side
management (DSM), and application of electrical energy
storage systems (EESS). By controlling the maximum power
point tracker (MPPT) of PV systems, the output power can be
curtailed at a specific level [17]. The active power curtailment
can be applied using static and dynamic methods. Dynamic
curtailment methods have higher efficiency and less active
power loss and can act based on the grid voltage using voltage
dependent droops as well as centralized controllers [18].
DSM is another method proposed to increase the PV hosting
capacity of LV grids. By transferring the peak-load
consumption periods to the high PV generation periods, the
voltage rise problem during high PV generation periods can
be solved. As DSM depends to a great extent on customers’
consumption patterns, it cannot be considered as a reliable
solution for the grid voltage control [19]; however, a
combination of DSM with active power curtailment can
decrease the energy loss caused by curtailment [4].

In recent years, EESS have been proposed as a solution to
mitigate the overvoltage in the grid. To this aim, the output
power of PV can be limited to a specific amount by storing the
excess energy, and this stored energy can be used when load
consumption or the price of electricity is high. Although
battery technologies have developed in recent years, the main
concern about the application of EESS is still the initial
investment in the system. In addition, advanced static or
dynamic methods are needed to control these units as
efficiently as possible, and it may increase the complexity and
the initial investment [20], [21].

B. Reactive power management by PV inverters

In higher voltage power systems in which the X/R ratio is
relatively high, reactive power control is the main tool for the
voltage control of the system. As this ratio is lower in LV
grids, reactive power control is not as effective as higher

voltage grids. However, it is still an efficient solution in
certain grids. The reactive power control is usually applied to
the inverter controllers using the droop control methods,
namely the reactive power as a function of voltage in the PV
connection point (Q(U)), and power factor (PF) as a function
of injected active power (PF(P)) [5]. In the O(U) method, the
voltage at the PV connection point is considered as a reference
for the droop control and the PV inverter absorbs the reactive
power only when the terminal voltage is higher than a specific
value. In the PF(P) method, the reactive power is a function
of the generated active power and the droop characteristics
can be set so that during low PV generation hours, no reactive
power is absorbed by the PV inverter. It is worth mentioning
that the reactive power absorption by the PV inverter
increases the power loss and congestion of distribution lines.

IV. VOLTAGE CONTROL USING ACTIVE MV/LV
TRANSFORMERS

The LV distribution systems were designed according to
the load cases, not the local generation. As the number of LV
networks is high, cost-effective solutions with longer life
spans that also need less maintenance are required to prevent
overvoltage. The majority of the proposed methods for
overvoltage prevention focus on decreasing the voltage rise
along LV feeders. According to (3), the PCC voltage also
depends on the voltage on the LV side of MV/LV transformer.
In many LV distribution grids, the voltage variations on the
MYV side cannot be mitigated, as the tap positions of MV/LV
transformers are fixed. Although the voltage tolerance band is
usually + 10% [22], AU, is usually limited to less than 5% to

ensure acceptable voltage at the PCC. To illustrate further, a
typical design consideration for distribution systems in
Germany is depicted in Fig. 3 [23]. As can be seen, the
maximum voltage increase in LV grids is limited to 3%,
which can potentially limit the maximum PV installation.

By utilizing active MV/LV transformers, the voltage of an
LV grid can properly be controlled and the need for other
voltage controllers is eliminated in many LV grids. In the case
of applying voltage regulators and active transformer in an LV
grid, the coordination between voltage regulators and active
transformer is required and settings of voltage regulators have
to be adjusted properly. It is worth mentioning that the active
transformer is a grid voltage forming unit and it acts as the
main voltage controller in the LV grid. Other voltage
regulators in LV grids are grid following units and can change
the voltage slightly compared to the active transformer.

As discussed before, efficient control of the active
transformer is essential to provide efficient voltage control in
the grid during high PV generation periods. A simple method
for controlling active transformers is applying a fixed set point
to the transformer controller. The method and its drawbacks
are discussed in the following.

A. Fixed voltage set point

A simple method to control the tap changer is to keep the
voltage at the LV side of the transformer constant based on a
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Fig. 3. A typical distribution system design concept.

predefined set point. In this condition, the voltages of MV and
LV grids are decoupled; therefore, the voltage variations are
limited to the controller deadband, as shown in Fig. 4. The
deadband is applied to prevent the frequent operation of the
voltage regulator and to increase its lifespan.

Although the fixed set point method is a simple and easy-
to-implement approach, the boundary of voltage variation in
this method is limited. As can be seen from Fig. 4, there are
boundaries for the maximum acceptable voltage
increase, AV,,,, and the maximum acceptable voltage

decrease, AV, . During high load consumption periods the

rop *
grid voltage has to be kept higher than the minimum band;
therefore the maximum voltage increase has to be limited
to: AV —AV_ —Deadband . AV__is voltage fluctuation

max Drop max
boundary determined by the grid codes and standards. For
instance, if the acceptable voltage decrease in LV grid is 8%,
and by considering a deadband of 4%, the maximum voltage
increase has to be limited to 8%.

Another difficulty associated with the application of the
fixed set point method is the miscoordination between the
active transformer and the reactive power compensation by
PV inverters. As mentioned previously, the reactive power
absorption by PV inverters can decrease the voltage at the PV
PCCs and increase the PV hosting capacity of the grid. As the
X/R ratio of cables of L'V grids is relatively small, the main
voltage drop caused by the reactive power absorption happens
at the LV side of MV/LV transformer. This voltage drop may
cause the undesired operation of OLTC and increase the
voltage at the connection point. To illustrate further, suppose
that the voltage at the primary of the transformer is fixed at V,
the power factor of the PV inverters is PF, and the X/R ratio
of the transformer is Ra. Using (3), the voltage at the terminal
of the transformer can be estimated as:

P x R — tan(cos ' (PF)) x P x R(Ra)
Vi

For a typical 630 kVA, 20/0.4 kV distribution transformer

with Ra=35.6 and uk%=6, the voltage drop at the terminal of

V, =V, + (6)

4
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Fig. 4. Application of active MV/LV transformer for increasing the PV
hosting capacity. A fixed set point is applied to the transformer.

transformer may exceed 1.5% in high PV penetration
conditions. As the primary voltage of the transformer is
variable, even a smaller voltage drop may cause the OLTC
operation. In addition, the passing clouds that can cause active
power fluctuations at the transformer secondary may cause the
frequent operation of the OLTC.

B. Voltage droop control method

To increase the boundary of voltage fluctuation, the
voltages of different buses in the grid can be measured. Based
on these voltages, the voltage of the active transformer can be
determined. However, these communication-based methods
require high initial investment and operational costs. Because
of the high investment and operational costs associated with
ICT infrastructures, which affect the overall economic
efficiency of applying active transformers, locally controlled
approaches are preferred as long as they can control voltage
properly. The proposed voltage droop control can potentially
increase the voltage fluctuation boundary and provide the
possibility of coordination between the transformer controller
and PV inverters. Using this method, the voltage set points are
lower during high PV generation periods and are higher
during high load consumption, and it allows higher voltage
rise and voltage drop along the LV feeder. As a result, the PV
hosting capacity of the grid can potentially be increased and
the voltage profiles of the customers can also be improved.
The schematic of the droop is shown in Fig. 5. The droop
characteristics can be summarized as follows:

Vv, =V, if P, <P
v, -V, 4
Vo=Vit|o—p|(B-R) ¥ B<P <A
2 M1
V.
V, =V, + |2 2](13, y) if B, <P, <P
_P47R3 m 4
V.=V, if P > P

where V. is the tap changer set point, P, is the active
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Fig. 5. The schematic of the droop control method.

power measured at the transformer LV terminal, and V|, V,,
Vi, B, P,, P, and P, are the predefined droop settings.

The droop voltage settings can be determined according to
the maximum PV penetration and the maximum load
consumption in the grid. Grid state estimations [24] or having
voltage measurements from one of the PV locations with the
highest voltage increase and one of the loads with the highest
voltage decrease can provide adequate information to adjust
the settings of the droop. The historic data provided by smart
meters [25] in these specific locations can also provide proper
information for adjustments of the droop settings, and real-
time feedbacks and having a centralized controller are not
necessary. Considering the prescribed deadband, the tap
changer operation can be summarized as follows:

tap + 1 if V. o<

V:ieadblmd
Vg —— LS
2 ]

1% V cadba
tap = { Noaction if |V, ——Ladband | oy |y 4 feadband 1 (Q)
s m S
2 2
Vv
. deadband
tap — 1 U T]

where V is the measured voltage at the LV side of the

transformer. If the fixed voltage set point approach is applied,
V. is a fixed voltage. It is worth mentioning that when clouds

pass by PV fields, both active power and voltage decrease;
therefore, the voltage set point and the operating boundary of
the active transformer also decrease and prevent the frequent
operation of the transformer.

By applying the proposed method, the voltage of an LV
grid can properly be controlled and the need for applying
other voltage controllers is eliminated in many LV grids. It
should be considered that the active transformer is a grid
voltage forming unit and it acts as the main voltage controller
in the LV grid. Other voltage regulators in the LV grid are
grid following units and can change the voltage slightly
compared to the active transformer; therefore, applying
voltage regulators as well as reactive power absorption by PV

@
O, |
5 é
- ®
Installed PV
—t
Systems ft
= ©
=<

©

Fig. 6. The LV grid with MV/LV transformer equipped by OLTC

inverters is not required in many cases. In the case of applying
voltage regulators and active transformer in an LV grid, the
droop settings have to be adjusted properly.

As discussed before, reactive power absorption by PV
inverters may cause undesired operations of active
transformers that are controlled by the fixed set point
approach. The proper adjustments of the proposed droop
settings eliminate these undesired operations. It is because by
increasing the PV generation, the reactive power absorbed by
PV inverters increases; however, the operating voltage of the
active transformer is also decreased according to the droop
applied to the transformer. Therefore, the undesired operation
of the transformer can be eliminated by proper adjustment of
P;, Py, V,and V.

V. SIMULATIONS AND FIELD TEST RESULTS

A. Simulation Results

A three-phase LV grid of Felsberg, Germany is selected for
the simulations and field tests. The line-diagram of the test
system is depicted in Fig. 6. A newly developed 630 kVA
20/0.4 kV transformer with controllable OLTC (£3.X2%) is
located in this LV grid and around 250 kWp PV systems with
the capability of reactive power absorption have been installed
in the grid. The special design of the tap changer guarantees a
maintenance-free operation up to 700,000 switching
operations. Considering the life span of the transformers and
by applying an efficient control system, the tap-changer
operation is maintenance-free during its lifetime. Detailed
information regarding the grid and the OLTC can be found in
[23]. Matlab is used to model the selected LV grid.

For secure operation of LV systems, the grid voltage has to
be kept in the allowed band and the power ratings of grid
components, such as cables and MV/LV transformer, also
must not exceed the allowed ratings. As the nominal capacity
of the transformer is 630 kVA and the system is examined in
no-load condition, the maximum achievable PV hosting
capacity is considered as 630 kW. For the simulations, it is
supposed that the PV inverters are oversized, and the effects
of reactive power absorption on the overloading of the grid
components are considered.
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Fig. 7. The PV hosting capacities of the grid in different simulation cases; 1):
current installed PV, 2): maximum PV hosting capacity without overvoltage
prevention methods, 3): applying PF=0.95, 4): applying PF=0.9, 5): applying
fixed set point and AU = 8.5% with PF=1, 6): applying fixed set point and
AU = 8.5% with PF=0.9, 7): applying the proposed droop method and
AU = 10.1% with PF=I.

The PV hosting capacities of the grid in different
simulation cases are shown in Fig. 7. The current PV
installation is around 38% of the maximum achievable PV
hosting capacity and this penetration can be increased up to
around 45%, considering a maximum of 3% voltage increase
in the grid. The PV penetration can be increased to around
56% and 65% if all PVs absorb reactive power with a power
factor of 0.95 and 0.9, respectively. Without other ancillary
services, the PV installation has to be limited to 65%.

By utilizing an active MV/LV transformer, the PV hosting
capacity can increase considerably. By applying a fixed
voltage set point with a deadband of *1.5%and without
reactive power absorption by PV inverters, the PV hosting
capacity can be increased from 45% to around 87%. The
reactive power absorption by all PV systems can increase the
PV hosting capacity to 91%. In this condition, the PV hosting
capacity is limited by the maximum permissible apparent
power of the transformer. To increase the PV hosting capacity
in this condition, an optimized reactive power strategy is
required. To this aim, the reactive power has to be absorbed
by the PV systems that are located at the points with the
highest sensitivities to the reactive power, or the voltage
dependent reactive power absorption methods with an
optimized droop characteristics, such as Q(U), are applied to
the PV inverters.

By applying the voltage dependent droop, the PV hosting
capacity can be increased to 100%, without the need for
reactive power absorption by PV inverters. In this condition,
the droop has to be set so that a maximum 10.1 % voltage
increase in the grid is allowed, i.e. AV, =10.1%. As the
reactive power increases the loading of the grid components, it
can decrease the capacity for active power injection by PVs;
therefore, the combination of reactive power absorption and
voltage droop control of OLTC does not increase the PV
hosting capacity of the grid when a droop is applied to the
transformer.
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Fig. 8. Voltages of the MV/LV transformer with fixed set point approach.
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Fig. 9. The active power, reactive power, and the LV side voltage of the
transformer during three successive days with fixed set point control.

B. Field Test Results

The fixed set point method was applied on the transformer
with OLTC from August 21, 2013 to September 3, 2013. The
10-minute average voltage of the transformer LV side during
the period is shown in Fig. 8. As can be seen, the voltage was
in the boundary of 230+1.5% . According to these settings,
the allowed voltage rise and voltage drop in the grid were
8.5%. The second-based active power, reactive power, and the
LV side voltage of the transformer during three successive
days are shown in Fig. 9. The negative active power values
represent the reverse power flow into the MV distribution
system. The switching actions of the OLTC are also shown in
the figure. It is worth mentioning that other voltage steps were
due to switching actions in the MV network.

The proposed droop method was applied on the previous
LV grid from September 4, 2013 to October 18, 2013. The 10-
minute average voltages of the transformer LV side are shown
in Fig. 10. As can be seen, the voltage followed the predefined
characteristics. Using the proposed method, the allowed
voltage rise and voltage drop are increased to 10% and they
can be increased by more if the PV penetration or load
consumption is increased. The second-based active power,
reactive power, and the LV side voltage of the transformer
during three successive days are shown in Fig. 11. The
switching actions of the OLTC are also shown in the figure.
As can be seen, during the periods with high PV generation
the OLTC operated at a lower voltage compared to the periods
with high load consumption. The normalized occurrence
frequency of different voltages measured at the PCC of PV
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Fig. 11. The active power, reactive power, and the LV side voltage of the
transformer during three successive days with droop control approach.

located at bus 6 for the fixed voltage set point and proposed
methods are also shown in Fig. 12. As can be seen, using the
proposed method, the maximum voltage rise in the grid
caused by PVs was around 1% lower than the fixed voltage
set point method. This confirms that more PVs can be
installed in the grid in this condition.

The number of switching actions per day is shown in Fig.
13. Based on the measurements, the average switching of the
OLTC with a deadband of +1.5% and the fixed set point of
230 V was 6.77 switching actions per day. Increasing the
deadband to +2% decreased the allowed voltage drop and
voltage rise to 8%; however, the average number of switching
actions was decreased to 4.35 switching actions per day. The
average switching of the OLTC with a deadband of +1.5%
and the droop method was 5.1 switching actions per day. The
results confirm that the utilized tap-changer can be considered
as maintenance-free during its lifespan.

It is worth mentioning that a DSM strategy is applied in the
mentioned LV feeder in Felsberg, Hesse, Germany. Based on
this strategy, the thermal storage units such as freezers,
refrigerators and off-peak heating systems are directly
controlled and other household loads are controlled indirectly
using a bonus tariff incentive system [8]. A part of the results
associated with the average daily load consumption without
DSM in August 2012 and with DSM in the same month in
2013 are depicted in Fig. 14. The results confirmed that the
DSM can shape the load consumption and improve the PV
hosting capacity of the network, decrease the peak-load
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Fig. 13. The number of switching actions per day during the field tests.

consumption and decrease the power loss in the grid.
However, to achieve a reliable voltage control solution,
combination of DSM with other overvoltage prevention
methods such as utilization of active transformers is
necessary.

VI. CONCLUSION

Efficient management of active LV grids with a high share
of PV was investigated in this paper. A voltage droop control
method for autonomous control of active MV/LV
transformers was proposed. Simulations confirmed that by
efficient control of active transformers, the limitation of
installing new PV systems is no longer the overvoltage in the
grid but the ratings of the grid components. In addition, the
field test results associated with an active LV grid in Felsberg,
Germany confirmed that, compared to the application of the
fixed voltage approach, the proposed voltage droop control
method increased the PV hosting capacity more, without
reducing the lifespan of the transformer. It was also concluded
that although the reactive power absorption by PV inverters
can increase the PV hosting capacity, the increase is not
considerable when the active transformer is utilized. In the
future work, the coordination between active MV/LV
transformers and HV/MV transformer will be considered for
the efficient control of both MV and LV grids.
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