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ABSTRACT 

Distribution system operators supplying customers in 

rural areas often face the problem of flicker and voltage 

levels beyond the limits of EN 50160. In this paper, an 

energy storage system for peak load shaving and its impact 

on flicker level, voltage unbalance and voltage level are 

studied. An energy storage system was implemented 

decentralized in the feeder of a rural LV-grid. 

Measurements from the four months period show how 

effectively grid storage could improve flicker, voltage level 

and voltage unbalance. Considering these results, future 

requirements for better influence on flicker with grid 

storage systems have also been detected. 

INTRODUCTION 

Customers at the end of overhead lines in rural areas often 
experience power quality problems. Flickering light, 
caused by rapid voltage changes is the most common 
occurrence recognized by the customers.   Even though 
flicker-sensitive light bulbs had disapeared from the 
market, this phenomenon persists with energy saving 
lamps and LEDs. Furthermore, voltage levels outside the 
EN 50160 limits and high flicker levels can cause 
problems with electrical devices and customer complaints. 
Grid reinforcement or construction of a new transformer 
station are the traditional ways of solving power quality 
problems by the distribution grid operator. However, grid 
storage system based on a lithium-ion-technology gives 
the possibility to solve power quality problems close to the 
points in the grid, where they occurr, thus locally. The 
lithium-ion-technology is dominating the field of storage 
systems for e-mobility and home application in 
combination with PV. The main advantages of lithium-ion 
technology as listed below match with requirements for a 
“grid-friendly use”. 

 High power density leads to compact housing 
forms with unpretentious integration into the grid 

 Reaction times of few 100 ms or less should lead 
to fast step response on load changes and can help 
to cope with short-time phenomenona in the grid 
e.g. load peaks or voltage dips 

 Overload capacity is helpful to limit the rated 
power of the system in combination with short-
time phenomenons  

 The 4-Q-mode with ability to work within the full 
range of cos() from -1 to 1 can combine peak-
load-shaving and Q(U)-control. 

 
 

 

CHARACTERISTICS OF GRID AND 

STORAGE SYSTEM  

Rural LV-grids with feeder lengths of almost 1 km with 

increasing load due to increasing construction or rising 

energy consumption of customers, especially farms at the 

end of these feeders lead to problems with voltage level 

and flicker. Such LV-grids mirror the rural typology of the 

carinthian grid. The distribution grid operator KNG-

Kärnten Netz GmbH initiated a project for examination of 

the grid storage system and its functionality. The grid 

storage system was implemented on the feeder in the rural 

grid with seven customers (recorded maximum power of 

17 kW) and one PV (installed power of 4.8 kWP), which 

can be seen in figure 1. The total length of the feeder is 

about 1.1 km and the length of the feeder after storage is 

still 600 m. Since the impedance is predominant resistive 

(R/X ratio of 3.5) due to overhead lines, the voltage can be 

significantly influenced by active power exchange.  

 

 
Figure 1 Overview of LV grid with point of 

installation of grid storage system 

Storage System 

 

The Li-ion storage system consists of three individual 

inverters and one battery system. The storage system has 

24 kWh total capacity and continuous rating of 6 kVA 

output power per phase. It also has a short term overload 

capacity (3 sec) of 11 kVA per phase. The inverters are in 

principle able to provide reactive power. However, for 

purpose of this project they operate with unity power 

factor. Figure 2 and figure 3 give an impression of the 

installed system.  
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Figure 2 Two inverters and battery stack 

 
Figure 3 Pilot project – housing of the storage system 

in the grid 

Operation Scheme  

 

The local, decentralized grid storage system should 

support the grid by controlled active power exchange. In 

times of high consumption, energy storage should support 

the grid by providing power and in the times of low 

consumption the grid storage should recharge. 

Additionally to this peak-load-shaving-function the 

cyclization of the storage system was also considered. Due 

to the chemical processes in the battery cyclization is 

necessary to prevent early aging. Threshold for the storage 

system was set to 2.5 kW per phase to combine these 

requirements. 

The peak-load-function in combination with a fast 

response time should be able to limit the load and flatten 

load gradients, which should result in a lower flicker level 

and higher and stable voltage level.  

Power consumption for duration of two weeks of one of 

the phases is presented in figures 4 and 5 in order to 

illustrate the operation principle of the system. The first 

week is used as a reference without the grid storage 

system. The load of the customers which is drawn from the 

grid is between 1 kW and up to 7 kW for the observed 

Phase L2.  

 

 
Figure 4 Power consumption for phase L2 of 

customers of reference week 

Figure 5 shows a week, when grid storage system was in 

use. The load drawn from the grid is limited to 2.5 kW, 

while the costumers load reaches values up to 7 kW again.  

In times of low consumption the grid storage system is 

recharging within the limit of 2.5 kW per phase. 

On 8th December at 08:00 p.m. the grid storage system 

stopped operating, because the state of charge (SOC) was 

too low. When SOC is lower than 10 % the system 

becomes inactive to prevent total discharging. From that 

point on, until 11:00 pm, the total power of the customers 

was drawn from the grid. Longer period of recharging 

started at 9th December. 

 

 
Figure 5 Overlay of consumed power of customers 

and power drawn from the grid influenced by grid 

storage device 

INFLUENCE ON POWER QUALITY  

Measurements for examining the influence on power 

quality started in August 2018 and lasted until mid of 

December of 2018. During this time, the storage was 

switched off occasionally to get reference days and weeks 

for comparison. Following results show measurements of 

the total observation period and two representative weeks: 

Reference is week dated from 23rd to 30th November, when 

the storage system was switched off and the operational 
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week from 5th to 12th December. These two weeks were 

chosen because of higher loads and load peaks compared 

to summertime. 

For evaluating the positive impact on power quality the 

focus lies on the three parameters  

 Voltage level 

 Unbalance 

 Flicker 

 

According to EN 50160, measurements of the voltage 

level based on 10-min-mean-values were performed. 

Additionally, 1-s-mean-values were taken to observe the 

behaviour considering flicker relevant load and voltage 

steps. The long-time measuring was done at the location of 

the grid storage with fixed installed equipment with 

tolerance according to EN 61000-4-30, class A. 

 

Data conditioning 

 

The grid storage system started operation in August 2018. 

To investigate the influence of the grid storage system, it 

was switched off at the beginning of August, September 

and at the end of November (see Figure 6). In November 

several grid disturbances in the form of interruptions and 

deep voltage dips caused errors in operation of the storage 

system (see Figure 6). The affected time intervals were 

flagged and had to be eliminated from evaluation.  

Moreover, time intervals with disturbances in operation of 

the grid storage caused by the distribution grid (e.g. under 

voltage tripping due to severe voltage dips below 80 %) or 

by unintentional shut down of the storage system (e.g. 

deactivation of one phase because low SOC) were not 

considered in the following examinations as well.  

 

 
Figure 6 Operation of storage system between August 

and December 2018 recorded in 10-min-resolution 

 

 

 

 

 

 

Voltage level 

 

Due to the observed four months period the stabilizing 

effect of the grid storage system on the voltage level can 

be demonstrated. Figure 7 shows the comparison of the 

voltage of Phase L2 depending on power, with the storage 

system in operation respectively out of operation. Without 

the grid storage system the voltage decreases with higher 

load. Supported by the storage system the voltage level is 

stabilized within the power range drawn from the 

customers. Furthermore, it can be seen that outliers near 

the lower voltage limit can be avoided. 
 

 
Figure 7 Comparison of voltage against customers 

power with and without grid storage operation device 

Voltage without 

storage device 

with 

storage device 

Minimum 222.7 224.2 

1%-Quantile 225.6 229.1 

Mean (P > 4 kW) 229.6 233.3 

Table 1 Statistic parameters of measurements 

depending on operation of grid storage 

In Table 1 statistical parameters are given. Besides the 

minimum value and 1%-quantile, the average voltage, 

associated with customer power exceeding 4 kW, was 

calculated to demonstrate the improvement. It can be 

concluded that the energy storage device can significantly 

improve the voltage level. During high load periods, an 

increase in voltage of 3 % is achieved. This is especially 

important for the customers at the end of the feeder, who 

are experiencing a lower voltage than at the measurement 

point during peak power demand. 
 

Unbalance 

 

Keeping the voltage unbalance under 2 % regarding the 

EN 50160 is becoming increasingly important in some LV 

grids. Implementation of single-phase heat pumps, single-

phase PV or standardized electrical installation with same 

sequence of the three phases for electric cooker, boiler etc. 

of serial houses leads to increased unbalance levels. 

Due to the individual control of the three phases, a 
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reduction of unbalance was also expected. In figure 8 the 

duration curves of the unbalance for the reference week 

with the storage device out of operation and the week with 

storage device in operation are shown. It can be seen that 

the voltage unbalance can be reduced. In table 2 the 95%-

quantile for unbalance of the analysed weeks are given, 

documenting the improvement. 

 
Figure 8 Comparison of voltage unbalance kU 

depending on storage operation 

 kU in % 

without storage operation 0.57 

with storage operation 0.47 

Table 2 95%-Quantiles of voltage unbalance kU 

Flicker and Rapid Voltage Changes 

 

In figure 9 two duration curves of short-term flicker Pst are 

shown. Slight decrease in flicker can be seen for higher 

flicker levels, when the storage system is in operation.  

 
Figure 9 Comparison of short-term flicker Pst 

depending on storage operation 

The statistic parameters according to EN 50160 of short- 

term flicker and long-term flicker are given in table 3 and 

table 4. 

No special flicker compensation algorithm is implemented 

in the control. However, higher flicker levels caused by 

load variation are basically reduced due to the peak-load-

shaving by the grid storage system with the limit of 2.5 kW 

per phase. 

 

Pst 95%-Quantile without with storage 

L1 0.61 0.57 

L2 0.68 0.61 

L3 0.68 0.60 

Table 3 95%-Quantiles of short-term flicker Pst 

Plt 95%-Quantile without with storage 

L1 0.59 0.55 

L2 0.63 0.57 

L3 0.63 0.55 

Table 4 95%-Quantiles of long-term flicker Plt  

The impact on short-term and long-term-flicker is rather 

low. This is due to the relatively slow step response of the 

grid storage system. 

 

For further analysis voltage was recorded with higher time 

resolution. In figure 10 a time window of 5 minutes with 

power and voltage level averaged over 1 second is shown. 

Based on this data the working principle and response time 

of the grid storage becomes more evident. With the current 

setting of the controller, high power gradients are too 

challenging for the system, thus narrow power peaks 

remain in the residual power drawn from the grid. 

 
Figure 10 peak-load-shaving function at fast and high 

load steps and resulting voltage (1-sec average values) 

The voltage changes clearly follow the power course of the 

residual power as it can be seen in the lower graph of figure 

10. Although the voltage level in general can be improved, 

the edges of voltage variations remain almost unchanged. 

Therefore only a slight impact of short-time flicker is 

achieved. 
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CONCLUSION 

Grid storage systems are at the beginning of the 

development, especially in the sense of a “grid-friendly 

use”. Although the main focus is on peak power 

management, the results presented in this paper show that 

grid storage systems can help to improve power quality. 

Especially long term parameters like voltage level or 

unbalance are effectively influenced by the storage. The 

performance regarding flicker and rapid voltage changes 

demonstrate the limitations of the analysed system.  

 The grid storage system is able to stabilize the voltage 

level and avoid outliers of low voltage due to high load 

drawn from the grid. In the analysed study case a voltage 

gain of approximately 3 % can be achieved. 

 Controlling the three phases separately by the grid 

storage system leads to a recognizable effect on voltage 

unbalance. 

 The influence on flicker is rather low due to high 

reaction time of a few 100 ms. Fast reaction times of less 

than 100 ms are essential for effective reduction of 

flicker level.  

Options of improving control dynamics or combination of 

peak-load-shaving and Q(U)-control are still on trial and 

will be evaluated in this and a different pilot project with 

another grid storage system.  
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