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ABSTRACT 

This paper presents results and findings from deployment 
and operation of a large-scale battery storage unit 
connected directly into a MV distribution grid in the Czech 
Republic. Furthermore, it offers an input for discussions 
about approach of the Distribution System Operators 
(DSO) towards this type of grid element. 

BACKGROUND 
Battery Energy Systems (BES) have been gradually 
penetrating large scale electricity market in many 
countries due to their utilisation for flexibility services and 
production cost decrease; prominent among them are 
batteries based on Li-Ion technology. While pumped hydro 
storage keeps majority of the overall storage capacity 
worldwide, BES installations are being installed in areas 
where pumped hydro constructions are unfeasible, or fast 
reaction time from the storage unit is necessary. As of 
2016, BES world leader was the United States with 
680 MW of installed capacity, while in Europe, Germany 
led with 132 MW [1].  
 
In the Czech Republic, larger scale deployment of BES is 
inhibited by regulatory framework, which currently does 
not address BES and their role in the energy market 
clearly. E.ON Distribuce (ECD), one of major Czech 
Distribution System Operators (DSO), received up to 
requests for BES grid connection up to 127 MW in 2016; 
however, only a couple of installations have been deployed 
so far and the initial interest of the entrepreneurs waned. 
The main reason claimed by the investors was uncertainty 
about legislative development concerning electricity 
storage. Discussions about how these units should be 
regulated tend to stall due to claimed lack of experience 
with their operation in the Czech environment.  
 
To move the development forward, ECD approached one 
of the already deployed BES solutions and executed a 
series of test measurements to determine both impact of 
the unit on the distribution grid, and its potential for 
possible ancillary services for various stakeholders in the 
electric power market. The results were one of the inputs 
that contributed to the proposal for BES control by the 
DSO, and for new types of ancillary services that are 
currently in approval process at Czech Energy Regulatory 
Office.  

BATTERY STORAGE UNIT MYDLOVARY 
Battery storage unit, which was used for the measurement, 
is a Lithium-Ion NMC battery, located in the area of 
biomass power plant in Mydlovary village, in southern 

Bohemia. Its main parameters are included in Table 1.  
 

Parameter Unit Value 
Nominal Active Power kW 990 
Nominal Reactive Power kVAr 1000 
Nominal Capacity kWh 1000 
Maximum Power kW 1250 
Maximum Reactive Power kVAr 1250 
Maximum Capacity kWh 1750 
Total Efficiency % 85 
Operational Lifetime Years 10 
Cycle Lifetime (100% DoD) # cycles 6000 
DC voltage range  775-910 

Tab. 1. Main parameters of battery guaranteed by supplier.  
 
The unit can be seen on figure 1. Main supplier of the 
storage unit is Siemens (the battery cells are made by 
Samsung), and the investor and owner of the unit is E.ON 
Česká republika, which is a partner company to ECD. The 
installation was meant to be a pilot for battery storage 
applications and now is primarily used to mitigate trade 
imbalances for E.ON Sales company in the Czech 
Republic.  
 

 
Fig. 1. Tested storage unit.  
 
Main, LV block contains battery cells and a pair of 
800 kVA power converters which transform DC output 
into 400 V AC. The block also contains Battery 
Management System, terminal for local operation and 
communication switchgear for remote control of the unit 
from several dispatching centers. The second block is a 
conventional MV/LV transformer station with a MV 
switchgear. The battery is connected into adjacent 
110/22 kV substation by a 22-kV underground cable of 
negligible length (53 m). Simplified scheme of the main 
elements of the storage system can be seen on figure 2. 
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Fig. 2. Simplified diagram of unit (SIESTORAGE) 
 
Construction of the unit began in October 2017, and was 
commissioned and put into trial operation in February 
2018. While the main end user of the battery is E.ON Sales 
dispatching, ECD as a DSO in the region has access to 
remote control and information about state of battery, and 
can utilize the battery and the stored energy in case of 
emergency. Battery control is set up to give priority to the 
commands from the DSO dispatching; during times of 
control from the DSO, other end users have blocked 
commands to the Energy Management System. Fig. 3 
shows a current display of battery control in SCADA of 
ECD.  
 

 
Fig. 3. Battery display in SCADA 

TESTS OF THE BATTERY 
The aim of the tests was to: 

- Detect any detrimental impact on the distribution 
grid 

- Verify nominal storage unit parameters 
- Determine unit`s potential for further use cases.  

Basic modes of operation 
These include basic charging and discharging curves, 
which should correspond to characteristic of a basic Li-Ion 
power cell.  
 
Charging/discharging curve can be seen on figure 4 and 
corresponds to typical characteristic curves of power cells. 
Total discharging time of the unit is 123 min, while the 
battery operates on nominal power for 98 min until 
reaching threshold of 10% of maximum capacity; 
afterwards, the power output is limited and the remaining 
10% is discharged over 25 min. Discharging stops at 
86 kW.  
 

 
Figure 4 Active power during 100% DoD cycle 
 
Charging takes longer (146 min). Until 10% threshold is 
reached (12 min), the charging power is limited. 
Afterwards, battery is charged by nominal power for 
92 min, until reaching 90% threshold. Charging from 90% 
to 100% takes another 42 min.  

Response time and ramp time 
The battery is required to have a ramp up and ramp down 
time of 15 s. The measurements proved both these 
parameters are under 6 s. Figure 5 displays an example of 
a “swing”, where the battery is operated on nominal 
charging power and maximum reactive power 
consumption and, with a single command, the state is 
immediately changed into nominal discharging power and 
maximum reactive power supply. Power direction switch 
happens 650 ms after the command and new steady state 
is reached after further 4.3 s.  
 

 
Fig. 5. Time scale of power swing 
  

 

DISCHARGING 

CHARGING 
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PQ diagram of the battery 
One of the requirements for the storage unit was an 
independent setup of active and reactive power output. 
System in Mydlovary has power bottleneck in the 
distribution transformer which has rated power of 
1250 kVA; power converters and power cell racks can 
operate up to 1600 kVA. The measurements gave the 
points of resulting PQ characteristic as shown in table 3. 
Here, the “+” values correspond to power being supplied 
to the battery (in case of active power, state of charging), 
and values with “–” represent power delivery from the 
battery.  
 

Setup value 
[P, Q] 

Measured value 
at LV level 

Measured value 
at MV level 

+ 999 kW 
0 kVAr 

+ 1 023 kW 
- 70 kVAr 

+ 999 kW 
- 22 kVAr 

+ 999 kW 
+ MAX kVAr 

+ 1020 kW 
+ 608 kVAr 

+ 1006 kW 
+ 658 kVAr 

+ 999 kW 
- MAX kVAr 

+ 1026 kW 
- 641 kVAr 

+ 994 kW 
- 555 kVAr 

- 999 kW 
0 kVAr 

- 994 kW 
- 79 kVAr 

- 923 kW 
- 4 kVAr 

- 999 kW 
+ MAX kVAr 

- 998 kW 
+ 610 kVAr 

- 950 kW 
+ 677 kVAr 

- 999 kW 
- MAX kVAr 

- 994 kW 
- 635 kVAr 

- 960 kW 
- 540 kVAr 

0 kW 
+ 1000 kVAr 

18 kW 
940 kVAr 

35 kW 
+ 965 kVAr 

+ MAX kW 
+ 1000 kVAr 

+ 817 kW 
+909 kVAr 

+ 814 kW 
+ 966 kVAr 

- MAX kW 
+ 1000 kVAr 

- 988 kW 
+ 709 kVAr 

- 940 kW 
+ 781 kVAr 

0 kW 
- 1000 kVAr 

+ 17 kW 
- 1076 kVAr 

+ 12 kW 
- 990 kVAr 

+ MAX kW 
- 1000 kVAr 

+ 667 kW 
- 1100 kVAr 

+ 654 kW 
- 990 kVAr 

- MAX kW 
- 1000 kVAr 

- 639 kW 
- 1094 kVAr 

- 619 kW 
- 982 kVAr 

+ 150 kW 
0 kVAr 

+ 169 kW 
- 28 kVAr 

+ 170 kW 
- 21 kVAr 

+ 150 kW 
+ MAX kVAr 

+ 163 kW 
+ 931 kVAr 

+ 176 kW 
+ 960 kVAr 

+ 150 kW 
- MAX kVAr 

+ 167 kW 
- 1087 kVAr 

+ 160 kW 
- 988 kVAr 

Tab. 3. Points of PQ diagram 
 
Resulting PQ diagram, taken from the measurements at 
MV level (Figure. 6) shows that the battery can deliver 
active and reactive power independently, and thus can 
provide reactive power regulation service in addition to 
standard operations with active power.  
 
However, the guaranteed amount of reactive power 
provided this way should be calculated from the nominal 
value in order not to interfere with active power operation 
mode.   
 

 
Fig. 6. PQ diagram measurement. Blue line represents 
power bottleneck of 1 250 kVA, green line represents limit 
setup in the Energy Management System.  

Total capacity and efficiency 
During the procurement process, the requirements for 
battery storage unit were to keep at least 1 MWh of 
capacity during the entire duration of the operational 
lifetime. Since the annual loss of total capacity is estimated 
to be 2-4%, the initial battery capacity was intentionally 
enlarged.  
 
For capacity and efficiency measurements, two full cycles 
were measured. Results are in table 4, while active power 
output during the tests is displayed on figure 7. 
 

Action Start 
[hr:min] 

SoCS 
[%] 

Finish 
[hr:min] 

SoCF 
[%] 

Duration 
[min] 

Discharge 08:24 100 10:27 1 123 
Charge 10:29 1 12:53 100 144 
Discharge 13:11 100 14:51 10 100 
Charge 15:07 7 17:28 100 141 

Tab. 4 Duration of cycles for capacity measurement 
 

 
Fig. 7. Measurement cycles 
 
Measurements in the first discharge cycle shown the total 
maximum storage capacity of 1 793 kWh. The efficiency 
was calculated both for LV part and for MV part; the latter 
included transformer losses. The results are shown in 
tab 5. 
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Action SoCS 
[%] 

SoCF 
[%] 

ηLV 
[%] 

ηMV 
[%] 

Discharge 100 1 89.2 86.9 Charge 1 100 
Discharge 100 10 89.1 87.0 Charge 7 100 

Tab. 5. Measurement of efficiency of storage.  
 
The requirement for system efficiency was ≥85 %, and the 
results show the battery passed. It is also shown that 
efficiency is not significantly diminished in non-linear part 
of the charging/discharging curve. The transformer losses 
amount to ca 2%.  

Own Consumption 
During the measurements, own consumption of the unit 
was also measured. Main load is the HVAC unit that 
maintains stable temperature in the battery cell section (the 
cell manufacturer states cells need ambient temperature in 
container 23±5 °C). The rest of the consumption supplies 
ventilation for power converters, control system, 
communication units etc.  
 
Base load of the battery in standby mode is on average 
3.73 kW. This load rises during battery operation and 
unfavourable outside temperature up to 12.5 kW. 

BATTERY OPTIONS FOR DSO ANCILLARY 
SERVICES 
Pilot deployments of large scale battery storage units 
accelerated development of Czech regulatory framework. 
One of the biggest breakthroughs is introduction of 
ancillary services, eligible for Distribution System 
Operators. These services are called PpS-N, as opposed to 
PpS, which are ancillary services for Czech Transmission 
System Operator. Currently, they await approval from the 
Czech Energy Regulatory Office. 
 
PpS-N are to be utilized to maintain safe and reliable 
distribution network operation and are to be compensated 
based on price setup made by Czech Energy Regulatory 
Office. The DSO will utilize them according to the actual 
need for any given part of the distribution grid. Eventual 
suppliers will be selected on market principles.  
 
In many countries, e.g. Germany or UK, battery units 
maintain good business case in providing either primary 
frequency control, or Enhanced Frequency Response. This 
is not possible in the Czech Republic, where under current 
grid codes, standalone battery units cannot provide 
ancillary services for TSO (PpS); they need to be 
integrated with a power generator and provide these 
services as a compound unit [2]. Therefore, a potential for 
PpS-N needs to be evaluated. There are following types of 
proposed services:  
 

RUQ Regulation 
This service regulates reactive power output (both positive 
and negative) from the service provider facility to stabilize 
voltage in adjacent distribution grid. A deviation from 
standardly requested power factor of the facility during the 
provision of this service will not be penalized.  
 
Tests on the Mydlovary unit shown that battery works with 
independent setup of active and reactive power, and is thus 
eligible for provision of service, possibly on top of its 
regular operation.  
 
Reactive Power Flow Regulation 
This service similarly utilizes reactive power output from 
the facility, but its aim is to mitigate overall reactive power 
flows in the distribution grid, especially at TSO/DSO 
transition points.  
 
Again, it is technically feasible to use battery unit in 
Mydlovary for this service.  
 
Active Power Service 
This service provides extra active power output that covers 
needs of the DSO under specific circumstances, such as 
during temporary redispatch of distribution grid due to 
planned work/maintenance.  
 
Since this service requires provider to maintain continuous 
active power supply for a period which can last weeks, it 
is not suitable for storage units such as Mydlovary.  
 
Island Mode Operation 
Service provider should be able to build up and maintain 
island mode of operation for a part of distribution grid in 
case of local/larger outages that would otherwise leave 
consumers without electricity supply. This especially 
includes other energy industry objects, dispatching centres 
and key infrastructure elements. The island mode should 
carry on until general power supply is re-established.  
 
Since the service requires possibly indefinite power supply 
from its provider, it is not feasible for a standalone storage 
unit.  
 
Black Start Provision 
Provider of this service will be able to enter island mode 
in case of blackout, without any outside power supply, and 
operate in island mode until standard grid operation is 
restored, and provide power for selected key infrastructure 
elements, possibly including TSO support.  
 
Without other power generator, a battery unit will not be 
able to meet requirements for this service. In the future, 
battery can work this way in network with larger share of 
intermittent generators, but this possibility has not been 
thoroughly investigated yet. 
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CONCLUSIONS 
Battery storage has emerged as viable option for electric 
power industry that has many potential applications and 
can significantly shape the future of the distribution grid 
environment. Li-Ion technology, which was the subject of 
tests described in the paper, is an efficient, quick and 
reliable way for storage and consumption deferral of active 
power, as well as flexible provider of reactive power.  
 
Further development of this segment of electric power 
networks in the Czech environment depends on clear 
regulatory framework that will encourage potential 
investors to deploy batteries and build their business cases 
on a mix of services these units can provide. The authors 
believe that pilot projects which are in operation or 
planned, will contribute to that end.  
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