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Abstract. Motivation and complex process of energy
storage technology and converter topology design suit-
able for integration in thermal power plant systems to
improve flexibility and primary frequency control is pre-
sented in the paper. The case study of typical thermal
power plant is included and optimal power and capac-
ity are determined. Next, there are discussed and com-
pared perspective accumulation technologies. Most per-
spective state of the art battery-based technologies are
further in detail evaluated including employed method-
ology. The next part is focused on suitable converter
topology design. Employed converter control algorithms
including simulation results are presented.
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1. Introduction

The increasing trend of integration of renewable en-
ergy sources to the electrical grid implies increasing
demands and new challenges to grid stability and con-
trol.

The conventional electricity sources as coal-fired
thermal power plants are pushed into the background.
Nevertheless, there are opportunities how to upgrade

the current power plants by integrating of Battery En-
ergy Storage System (BESS) to reduce stress on con-
ventional sources caused by fast power transients in the
grid and improve the system flexibility. The combined
layout improves primary frequency control parameters
(e.g., activation speed) and also can improve other con-
trol capabilities of power plant. Additional benefits of
the combined solution are the well-dimensioned con-
nection to the grid as well as the availability of free
space.

Many studies have shown the technological and eco-
nomic benefits of the BESS integration to the distri-
bution grid. For example, an impact of the BESS
on Transmission grid operation in Portugal, which has
a large quantity of variable renewable energy sources
is shown in [1]. The impact of multiple BESS on the
central Europe transmission grid is shown in [2]. And
optimal sizing of BESS based on vanadium redox flow
batteries with the cost-benefit optimization is shown
in [3].

The use of the battery energy storage for primary fre-
quency control is discussed in detail in [4] but there are
not assumed Li-ion batteries nor integration to thermal
power plant. The paper [5] describes the use of batter-
ies for primary frequency control but without specifics
of integration to the thermal power plant. In our re-
search, we have focused at first on the review and se-
lection of the most suitable energy storage technology
for the application and review and design of the suit-
able topology of frequency converters. This complex
part of the system dimensioning and design has been
described in this paper. In the second step we have
focused on the complex system design, i.e., on the as-
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pects of BESS integration next to the turbomachinery
and common operation performance – results of this
research have been published in our further paper [6].

2. Methodology

The methodology follows the design of the BESS.
It summarizes some well-known principles, but it is
broadened by the practical experiences from the elec-
trical energy generation and some uncommon solutions
are proposed. For example, the application of multi-
level converters.

First of all, there is a need for a BESS size – power
and capacity determination. This has been done due
to project cooperation with case study power plant op-
erators as well as steam turbines manufacturer. BESS
dimensioning method and considered assumptions are
described in Sec. 3.

There was also made an extensive overview of accu-
mulation technologies which are described and com-
pared in Sec. 4. Due to the default technol-
ogy requirements, there are selected batteries (electro-
chemical accumulation). A method and a tool were
made for comparison of the most industrially available
(technologically ready) technologies of batteries from
which the optimal technology of batteries is selected,
described in Sec. 5.

In Sec. 6. , the choice of the BESS connection to the
grid and converter topology is discussed. This is from
the point of influence on the grid and the efficiency of
the system. Also, the possible output power regulation
is proposed and verified through the simulation results.

3. BESS Dimensioning

First, there is important to determine the optimal
power of the energy storage. In Fig. 1, there
is the power histogram used for primary frequency
control based on 3 years period (2015–2018) from
a 4× 200 MW Czech coal-fired power plant. The max-
imum power used for the primary frequency control is
10 MW (5 % of nominal power), the reasonable power
of the energy storage has been designed to 4 MW for
covering ∼ 98 % of primary frequency control activa-
tion cases, as shown in Fig. 1. The primary frequency
control usage is relatively equal in all four units (A, B,
C, and D) of the power plant.

Capacity of the energy storage is determined by the
steam turbine response and regulation times. It is as-
sumed, that the energy storage covers the first mo-
ments of primary frequency control activation until the
turbine changes its power. Heated turbine can fulfill

Fig. 1: Histogram of primary frequency control activation.

any power demand step within approximately 15 min
without the negative effects of turbine lifetime. Based
on this presumption, the optimal capacity has been
determined to 1 MWh (taking 4 MW up to 15 min).
This capacity has been estimated based on the control
capabilities of general steam turbine and it takes into
account the worst possible scenario of the turbine re-
sponse time (regulation from any power). The capacity
design can be further optimized for a specific appli-
cation based on the specific capabilities of the target
steam turbine and stability of the target electrical grid.

4. Accumulation Technology

For the optimal accumulation technology determina-
tion, the following main system requirements were for-
mulated:

• fast response time,

• possibility of fast increase of power,

• fast transient from charging to discharging,

• low losses in charged state,

• low losses due to charging and discharging,

• accurate sizing,

• long lifetime,

• low costs.

A wide specter of accumulation technologies based
on electro-thermal, electro-chemical and electro me-
chanical principles was considered. A simplified com-
parison can be seen in Tab. 1 [7].

There can be seen critical pros and cons of the com-
pared technologies. Flywheels have a high efficiency
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Tab. 1: Accumulation technology comparison [7].

Technology / Parameter Flywheel Battery Thermal energy
storage

Compressed air
energy storage

Response time seconds miliseconds minutes–hours seconds–minutes
Lifetime 20+ years 0.5–20 years 10–30 years 20–40 years

Cycle efficiency 90–95 % 60–97 % 55–80 % ∼ 70 %
Daily selfdischarge up to 20 % per hour 0.1–0.3 % 0.5–1 % almost zero

Suitable storage duration seconds–minutes minutes–months minutes–months hours–months
Commercialization level early early / in progress early early / in progress

of the cycle but also a very high self-discharge which
is not suitable for longer storing of the energy. On
the contrary, the thermal energy storages have a low
self-discharge but also a very slow response time which
is not applicable for fast primary frequency control re-
sponse. Compressed air energy storages are somewhere
between the previous ones. Neither slow nor fast re-
sponse time, neither low nor high cycle efficiency, and
unnecessarily long energy-storing time. The most suit-
able accumulation technology for the assumed appli-
cation was therefore selected electrochemical batteries.
They have very fast response time and cycle efficiency,
sufficient lifetime, and self-discharge. Specific battery
technology selection is described in the next section.

5. Battery Technology

There were considered three battery technologies due
to their high TRL and possible industrial applica-
bility. They are Lithium-ion (Li-ion; specifically,
LiFePO4), Sodium-sulfur (NaS) and Vanadium Redox
Flow (VRF) batteries [8].

There is important information to be stated, that
the energy storage system can be realized via all the
three technologies but only one is optimal from the
technical-economical point of view. The economical
evaluation criterion has been calculated as the future
cost of investment based on Eq. (1) [8].

Cf = Ci · r(i, L) +
j=L∑
j=1

Co · r(i, j), (1)

where Cf (USD) are future costs which take
into account investment Ci (USD) and operation
Co (USD/year) costs during the whole project lifetime
L (years) as well nominal interest rate of the alterna-
tive investment i (-) related with specific interest value
r (-) [8].

The specific interest value r will vary according to
the years j during the lifetime L in which the costs are
considered. For the specific year it can be generally
expressed by Eq. (2):

r = (1 + i)j . (2)

The technical criteria for selected battery technolo-
gies are presented next.

5.1. Li-ion

Li-ion is a battery technology (electrochemical accumu-
lator) which do not contain pure lithium, but its salts.
The assumed type of Li-ion battery is LiFePO4 due to
its high overload capability and long lifetime as well
as safety. The batteries include a temperature control
system that allows short-time overloading by multiples
of rated output current without any damage as can be
seen in Tab. 2 [9].

The battery rated output current It = 1 pu with
rated power P (MW) and rated capacity C (MWh).
According to [9], the optimal dimensioning of the power
to capacity ratio is 1 (i.e., capacity in (MWh) equals
power (MW)).

Tab. 2: Li-ion overloading example [9].

It (pu) P (MW) C (MWh) Discharge time (h)
1 1 1 1
2 2 1 0.5
3 3 1 0.33

There are two main factors which most affect the
lifetime of Li-ion battery. They are the Depth of Dis-
charge DoD (%) which is described in Eq. (3) and mul-
tiples of the output current It (pu) which is described
in Eq. (4) [9]. The standalone aging over time is ne-
glected due to the minor effects.

n1 = 5.6911 ·DoD2 − 1,090.3 ·DoD+52,119+ x, (3)

where n (-) is the number of the working cycles
of charge and discharge and x (-) is the nominal num-
ber of the working cycles for DoD = 100 % and
It = 1 pu [9].

n2 = 5.6271 · It2 − 259.45 · It+ 253.82 + x. (4)

These dependencies lead to the lifetime model of the Li-
ion battery which is described in Eq. (5) and presented
in Fig. 2 where x was set to 2,500.

n =
(n1
x

· n2
x

)
· x. (5)
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Fig. 2: Lifetime model of the Li-ion battery.

5.2. NaS

NaS is a battery technology that contains molten
sodium and sulfur as electrodes and beta alumina as
a solid electrolyte. The battery is heated to 300–350 °C
in operational state. One of the advantages is the ca-
pability to deliver pulse power [10].

The battery rated output current It = 1 pu with
rated power P (MW) and rated capacity C (MWh).
According to the [10], the optimal dimensioning of
power to capacity ratio is 6 (i.e., capacity in (MWh) is
six times higher than the power in (MW)).

NaS batteries can be also overloaded which is shown
in Fig. 3 where tmax (h) is the maximal time of the
overload [11].
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Fig. 3: Overloading capability of the NaS batteries.

Overloading capability can be approximated by
Eq. (6) [11]:

tmax = 30.425 · e−1.395It. (6)

Similarly, to the Li-ion batteries the depth of dis-
charge is affecting a lifetime of NaS too (aging only
over time is neglected due to the minor effects). This

dependency is described in Eq. (7) where x is set to
4,500 working cycles according to [10]:

n = 87,495 ·DoD−0.645 + x. (7)

5.3. VRF

VRF battery is one of the most technically applica-
ble flow battery systems. Energy is stored in vana-
dium redox pairs (V2+/V3+ and V4+/V5+) in two elec-
trolyte tanks. The ion exchange takes place through
the ion-selective membrane between the tanks as de-
scribed in [11]. One of the biggest advantages of VRF
batteries is their stable capacity during their lifetime.
The downside is that they cannot be overloaded, i.e.
It ≤ 1. Due to this fact, the n is equal to x which is
set to 12,000 according to the [12]. Also, according to
the [12], the optimal dimensioning of power to capacity
ratio is 5 (i.e., capacity in (MWh) is five times higher
than the power in (MW)).

n = x. (8)

5.4. Results

For the purpose of complex evaluation of the battery
technologies based on the presented methodology and
equations, a comparison tool which is in detail de-
scribed in [13], has been developed.

The case study-specific inputs are summarized in
Tab. 3, where ne (-) is the demanded working cycle
count.

The capital costs for Li-ion were stated to
400 USD·kWh−1 (costs per capacity), NaS to
2,500 USD·kW−1 (costs per power) and VRB to
450 USD·kWh−1 (cost per capacity), the operation
costs were assumed as 2 % of 1 MWh (1 MW for the
NaS) [8], [9] and [12].

The outputs are presented in Fig. 4 and summarized
in Tab. 4, where nreal (-) is the real number of working
cycles.

In the comparison focused on future investment and
operation costs, it can be clearly seen the benefit of
Li-ion technology against NaS and VRB for this ap-
plication. The advantage is determined primarily by
overload capability and associated accurate sizing.

6. Converter Topology

In the design of the BESS, the choice of the topol-
ogy and a way of coupling to the grid is one of the
things that can greatly influence the performance of
the whole system. Choice of the topology can improve
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Tab. 3: Input parameters.

i (-) ne (-) L (year) P (MW) C (MWH) tmax (h) xLi−ion (-) xNaS (-) xVRB (-)
0.05 104 20 4 1 0.15 2,500 4,500 12,000

Tab. 4: Output parameters.

ne (-) nreal (-) Preal (MW) Creal (MWH) Itreal (pu) DoDreal (%) Cf (mil. USD)
Li-ion 104 10,021 1.78 1.78 2.24 56.05 2.39

NaS 104 14,744 1.05 6.32 1 15.83 8.81

VRB 104 12,000 4 20 1 5 30.13
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Fig. 4: Battery technology comparison results.

the overall efficiency of the system and reduce possible
negative impact on the grid. The choice of the connec-
tion to the grid will also influence the way in which the
BESS interacts with the grid, both in a good and bad
way. The following chapter takes this into account and
shows the process, how the final choice of the converter
for the BESS has been done.

The second crucial part of the Battery Energy Stor-
age System (BESS) is the power converter, which acts
as an interface between the electrical grid and batteries.
There are the following basic requirements regarding
the converter, influencing chosen converter topology.
Firstly, the converter must be bidirectional, because it
is not only supplying power to the grid but also charges
the batteries.

Another important requirement on the converter
is maximal possible energy efficiency and/or minimal
losses. Great impact regarding the efficiency of the con-
verter has the choice of the converter voltage. Gener-
ally, it can be said that the converter losses, the output
filter losses, and transformer losses are proportional to
the converter current. A natural way to decrease the
current and preserve the power is to increase the volt-
age. With the present-day semiconductor, it is the use
of standard two-level converters very limited in the way
of maximal output voltage. For example, with the use
of 1.7 kV IGBT transistors, the expected output phase
to phase voltage is around 490 V. Hence, it is necessary
and, in some respects, even beneficial, to use the multi-
level converter topology to reach higher output voltage

levels. With the multilevel converter, it is possible to
reach voltages up to 10 kV without great complications
caused by the insulation distances. Another benefit of
the multilevel converter is lower distortion of the out-
put current. This can be used either to lower demands
on the output filter or keep the benefit of lesser influ-
ence of the convertor switching on the grid.

The first question that needs to be solved is the way
of connection of the converter to the grid. There are
two main choices serial or shunt type of connection.

6.1. Series Connected Converter

One of the main features of the proposed BESS is the
protection of the thermal power plant against transient
caused by voltage fluctuation of the grid. From this
point of view, the maximal impact for the lowest effort
control would have series-connected converters [14].

The first viable technology is the Series Active Fil-
ter (SeAF). Conventional SeAF is connected to the grid
via a transformer [15]. The transformer is connected in
series in the link between the generator and the grid,
so it must be able to withstand the full output power
of the power plant. There are also transformerless vari-
ants of the SeAF [16]. SeAF technology is designed to
compensate for voltage disturbance in the grid. This
technology is not suitable for use in the BESS. There
are complications in the control of the active power
flow. Charging and discharging of the batteries could
interfere with the generator control.

Better suited for use in the BESS are technologies
of Unified Power Flow Controller (UPFC) [17] and [18]
and Hybrid Power Flow Controller (HPFC) [19] and
[20]. These technologies combine series and shunt ac-
tive power filters.

Converter technologies mentioned above have com-
mon disadvantage, which is one of the components con-
nected in series with the grid. This would greatly raise
the cost of the device because there is a great differ-
ence between the output power of the power plant and
the BESS. Another disadvantage linked to the series
component is the intervention in the infrastructure of
the power plant during installation of the device and
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the last disadvantage is the already mentioned possible
interference with the main generator control.

6.2. Shunt Connected Converter

Shunt connected converter is connected in parallel with
respect to the other grid sources. This type of con-
verter cannot directly influence the voltage of the grid.
It can influence the grid voltage indirectly, using the
current supplied to the grid. The great benefit of this
technology is absence of the component which needs to
withstand power flow through the grid line.

Due to the mentioned reasons shunt connected con-
verter has been chosen as suitable technology. In the
next section, the choice of suitable converter topology
is discussed.

6.3. Multilevel Topologies

In order, to optimize the topology of the converter, four
multilevel converter topologies were analyzed for the
BESS application. Suitable multilevel topologies are
listed in [21] – topologies based on i) Flying Capac-
itors (FC), ii) clamping diodes (NPC), iii) Cascaded
H-Bridges (CHB) and iv) Modular MultiLevel Con-
verter (MMLC).

The choice of batteries is an important parameter,
besides a capacity and an output power, a battery volt-
age. The battery voltage should be high, to reduce the
complexity of the converter. Number of converter lev-
els depends on the output voltage and DC-link voltage.
The upper limit of the battery voltage is given by the
used transistors. Based on the BESS parameters, suit-
able transistors have a blocking voltage 1.7 kV and the
chosen battery voltage is 881 V [22]. The voltage of
this battery ranges from 714 to 1,000 V, depending
on the state of charge. Because of the limitations re-
garding battery voltage, it is beneficial to avoid topolo-
gies with the centralized DC-link. This is a case of
NPC, FC and MMLC topology with the centralized
DC link. It is not impossible to build a battery suit-
able for these topologies, but because this battery is not
commercially available, it would demand additional de-
velopment of an adequate battery management system
or use of an additional DC-DC converter [23]. Then,
the remaining topologies are CHB and MMLC with
distributed batteries [24]. Finally, the CHB topology
was chosen because of the fewer semiconductor compo-
nents [25].

The Cascaded H-Bridge converter comes out as the
best option. In comparison with the competitive
topologies, it needs fewer components (clamping diodes
or flying capacitors) – i.e., lower investment costs,
higher reliability and smaller demands on installation

space. Moreover, CHB technology provides an easy
way for serial battery connection and a way to balance
battery voltages.

There are two CHB topologies, CHB in star connec-
tion (CHB-Y) and CHB in delta connection (CHB-D)
(see Fig. 5). At first glance, CHB-D topology has the
disadvantage of lower output voltage, but it provides a
way to balance battery voltage not just in one leg, but
it also provides voltage balancing between individual
converter legs, using circulating current.

The converter is going to be connected to the grid via
output filter and transformer. The rate of turns of the
transformer is given by the following conditions. The
converter side transformer voltage must be lower than
the converter output voltage with enough distance to
cope with voltage drop on the output. The maximal
output voltage of the converter is given by the voltage
of the DC-link. According to this condition, the worst-
case scenario is demand of full power combined with
discharged battery.

For example, if converter output voltage, calculated
for the nominal battery voltage, is 5.7 kV. For the flat
battery, the maximal output voltage is 4.5 kV. So, for
the choice of the output transformer, maximal depth
of discharge has to be taken into account.

Hardware design and control have been simulated in
Matlab Simulink and Plecs blockset. Converter and
filter design, control design, and simulation results are
presented in the following text.

6.4. Converter

The model represents chosen CHB-D converter topol-
ogy. Used topology respects components available on
the market. Based on DC link voltage and desired out-
put voltage, it has been chosen 19 level configuration.
That means there are eight H-bridges connected in se-
ries in each phase (leg) of the converter.

The model takes into the account switching of the
transistors. It shows the influence of the switching
frequency and the deadtimes on the control and the
output filter.

The design overview of BESS is presented in Fig. 5.
The same circuit has been replicated using Plecs block-
set. It represents four main parts – the batteries, the
converter, the output filter with a transformer and the
grid. The grid is modeled as ideal voltage source.

6.5. Filter

The filter is an important part of a grid-connected volt-
age source converter. It enables the connection of con-
verter step voltage to smooth grid voltage. This is one
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Fig. 5: BESS diagram.

of the parameters considered in the simulation. Simu-
lated waveforms of these voltages are shown in Fig. 6.
Connecting a converter without a filter would lead to
huge current pulses.
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Fig. 6: Converter output voltage (blue), grid voltage (orange).

The simplest kind of output filter is an inductor con-
nected in series between a converter and a grid. This
solution is the simplest both from a hardware and con-
trol point of view. Its downside is bulkiness, high price,
and high voltage drop. A better approach employs
LCL filter. In the case of CHB-D converter first in-
ductor is inside the delta connection, because it is not
only part of the output filter, but also it helps control
the delta connection circulating current. The second
inductance is formed by an output transformer leakage
inductance.

There is another advantage of a multilevel converter
relating to the output filter. Thanks to the higher num-
ber of output voltage levels, the output current has
a lower ripple in comparison with a standard two-level
converter of the same output voltage. This causes lower
THD and allows the use of a smaller filter.

6.6. Control

The essential part of the converter is the control which
generates control pulses for the power part of the con-
verter. The control complexity of the converter can

vary significantly depending on converter abilities and
extra features. The basic control, shown in Fig. 8,
includes the control of the input/output power and
the control of the delta connection current described
in Eq. (8). The advanced feature ism, for example,
compensation of asymmetries or higher harmonics in
a grid.

The base of the control is a Synchronous Reference
Frame Phase-Locked Loop (SRF-PLL) [26]. This iden-
tifies the voltage of the grid for feedforward control and
it provides angle theta of dq rotational frame coordi-
nation system. Transformation to the rotational frame
is well known in the case of rotational machine con-
trol, where it leads to separate control of torque and
excitation of the machine [27]. Similar results can be
obtained, when used in combination with the grid-tied
converter. In this case, it leads to separate control of
active and reactive power [28] and [29]. Orientation
of the used reference frames is shown in Fig. 7. PLL
calculates θ to ensure grid voltage Uq = 0. In syn-
chronously rotating reference frame, the following as-
sumption applies – the control of Id current controls
the active power and the control of Iq current controls
the reactive power.

Fig. 7: dq rotational frame coordination system.

Control of the power flow is done by controlling d and
q currents. Most of the current control (see Fig. 8) is
done by feedforward compensation and PI controllers
make slight changes to compensate for errors in the
mathematical model used for feedforward.

The feed-forward part of the control algorithms cal-
culates converter output voltage based on grid voltage
and voltage drop on the output filter. The voltage drop
on the output filter is calculated by its mathematical
model and reference of the setpoint power. This leads
to a faster response of the storage in case of grid voltage
changes or setpoint output power changes.

To get the most stable current control and for the
proper function of software protection. The currents
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Fig. 8: Diagram of control algorithm.

in individual legs of the converter are used for the cur-
rent control. This solution has advantages from the
converter point of view, but it does not provide precise
control of power flow to the grid.

Another part of the control solves the problem stated
above, caused by the capacitor of the output filter.
Converter should behave neutrally in relation to the
grid. But the capacitor of the output filter causes un-
wanted currents rise of reactive power even in time
when the storage should be inactive. To compensate
for the difference between power at the output of con-
verter and output of filter the compensation of filter
effect on output power is added to the control algo-
rithm. The structure of the power regulation algorithm
is shown in Fig. 8. Details including developed feedfor-
ward loops will be the subject of a future publication.

Because of the delta connection, a problem with cur-
rent flowing inside the delta connection can appear.
It can be evaluated as the sum of the individual con-
verter phase currents described in Eq. (9). This current
can be used for voltage balancing of batteries, but in
most cases, this current is unwanted and caused by
some parasitic phenomenon, for example, nonlinearity.
Trials have shown that the most pronounced compo-
nent of this current is direct current and third har-
monic (150 Hz). The PR controller has been chosen to
solve this phenomenon. It addresses discovered issues
and can be easily expanded.

Ir =
Iab + Ibc + Ica

3
. (9)

6.7. Simulation Results

For the testing and tuning purposes, it was simulated
a step change of setpoint of the output power from zero
to 4 MW. The simulation consists of three parts.

The first part is the start-up of the converter. In the
beginning, storage is not connected to the grid and the
LCL filter is slowly charged using a voltage ramp – see
in Fig. 9. This is preventing an oscillation of the filter.

Fig. 9: Output voltage on the grid side of the transformer.

The second part of the simulation starts when the
converter is connected to the grid at 0.05 s, a small
reactive power is supplied to the grid. This can be
observed in Fig. 10 and Fig. 11. This is caused by the
capacitors in the output filter. This reactive power is
compensated by the control algorithm, at the time of
0.07 s.

The third part starts at the 0.1 s, the setpoint of
active output power is changed from zero to 4 MW.
The control in the simulation is set for fast response,
this leads to small oscillations of the output filter.

The simulation proved, that the control of the con-
verter is stable and can reach the wanted output power
in a very short time of 20 ms.
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Fig. 10: Output current on the grid side of the transformer.

Fig. 11: Output active power (blue), output reactive power (or-
ange).

7. Conclusion

The complex process of energy storage technology and
converter topology design suitable for integration in
thermal power plant systems was presented in the pa-
per.

Presented methodology has been applied to a real
case study based on 200 MW thermal power unit
with considered BESS with power 4 MW and capacity
1 MWh.

The general state of the art accumulation technolo-
gies has been briefly reviewed and then three battery
storage technologies (Li-ion, NaS and VRF) have been
evaluated in detail. Li-ion technology has been selected
as the most suitable from technical-economical point of
view for this type of application.

The next part was focused on a suitable converter
topology and control design. Standard multilevel con-
verter topologies were compared (NPC, FC, CHB-Y
and CHB-D). A multilevel cascade H-bridge converter
design has been selected as the best one. The devel-
oped converter control algorithms including simulation
verifications were presented as well.

The main converter control parts which control the
active and reactive power are complete. The simula-
tion model can be used for control tuning in case of
BESS dimensioning change or for the development of
advanced control algorithms. Thanks to the fidelity of
the storage hardware and topology, it is a useful tool
in designing the output filter.

In the future, advanced control features will be
added. BESS will be able to serve not just as energy
storage, but also as an active filter and symmetriza-
tion device. Another converter control upgrade will be
an adjustment of the feedforward model to compen-
sate for a reactive power caused by the filter capaci-
tor. This will eliminate the reactive power peak which
appeared at the time of connection to the grid (see
Fig. 11 - 0.05 s).
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