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Abstract. In recent years, a change has been observed in the direction of reactive power flow between 

transmission and distribution systems. This trend has been reported in several European countries, including 

Slovakia. The Slovak transmission network was originally designed for reactive power to flow from the 

transmission system toward the distribution system. However, due to the evolving characteristics of 

distribution networks, their behaviour has shifted from predominantly inductive to predominantly 

capacitive. As a result, reactive power now tends to flow in the reverse direction, from distribution networks 

to the transmission system, posing challenges for voltage control and system stability. One of the main 

factors of this transformation is the changing nature of consumer loads. The increasing use of modern 

devices has altered consumption characteristics from inductive to capacitive. These effects are most 

pronounced in low voltage networks, which consist of numerous consumers with diverse load profiles. 

Therefore, a detailed analysis of consumption behaviour in low voltage networks and its influence on higher 

voltage levels is essential. A deeper understanding of these interactions can support the development of 

appropriate technical measures to mitigate the adverse effects of reverse reactive power flow.  

1 Introduction 

In recent years, several European countries, including 

Slovakia, have reported a notable shift in the direction 

of reactive power flow between transmission and 

distribution systems [1 - 4]. Transmission network was 

traditionally designed under the assumption that reactive 

power would flow from higher voltage levels toward 

distribution networks, which historically exhibited 

predominantly inductive character [5]. However, the 

evolving character of consumers has transformed many 

distribution networks from inductive to capacitive. As a 

result, reactive power increasingly flows in the opposite 

direction, from distribution networks back into the 

transmission system, creating operational challenges 

such as overvoltages, increased transmission losses, and 

reduced system stability [6]. 

The issue of reverse reactive power flow primarily 

originates in low voltage networks, where the diversity 

and variability of household consumption play a 

significant role. Household electricity demand 

comprises a wide range of appliances with different 

operating characteristics, making it difficult to 

accurately determine both the magnitude and the nature 

of reactive power consumption [7]. A large proportion 

of modern household appliances employ power 

electronic converters and exhibit nonlinear consumption 

characteristics. These devices are often sources of 

reactive power [8]. Although the power demand of an 

individual household is relatively small, the large 

number of such consumers, together with the extensive 
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deployment of LV networks to which they are 

connected, means that their aggregated impact on 

reactive power flow cannot be neglected. Consequently, 

households connected to LV networks significantly 

contribute to reverse reactive power flows. 

For this reason, it is essential to quantify the impact 

of household consumption on reactive power flow in 

low voltage networks and its subsequent influence on 

higher voltage levels. To this end, measurements were 

conducted on five different households, with minute 

resolution active and reactive power data recorded. The 

measured power values were then used to parameterize 

loads in a low-voltage network model, and four different 

consumption scenarios were defined. For each scenario, 

polyphase power flow calculations were performed. 

Based on the calculated active and reactive power at the 

point of common coupling (PCC) of the low voltage 

network, the influence of household consumption on 

reactive power flow was evaluated. 

The remainder of this paper is organized as follows. 

Section 2 describes the household measurements and 

presents an analysis of the measured data. Section 3 

introduces the simulation model and discusses the 

results of the power flow calculations. Section 4 

concludes the paper. 
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2 Analysis of household consumption 
characteristics 

2.1   Measurement of household power 
consumption 

In the introduction, low-voltage networks were 

identified as a primary source of reactive power. Owing 

to their large number, the reactive power generated by 

these networks significantly contributes to reactive 

power flows within the transmission system. The 

consumption in low-voltage networks is predominantly 

associated with households in residential areas. This 

consumption can be simulated and subsequently 

analyzed using measured data obtained from real 

residential households. 

For this purpose, measurements were carried out on 

five different households. The measurements lasted for 

12 days and were conducted using a power quality 

analyzer. Data collection for all households started 

simultaneously, ensuring that consumption was 

recorded over the same time period. During the 12-day 

measurement period, active and reactive power values 

were recorded at one-minute intervals, resulting in a 

total of 17280 data points for both active and reactive 

power per household. 

The five monitored households can be divided into 

two categories. The first group (C1 - C3) includes 

houses older than 20 years. Although the age of a 

building alone does not determine its consumption 

characteristics, these households typically combine 

modern and older appliances, which can influence their 

consumption patterns. The second group (C4 - C5) 

consists of newer households, less than 10 years old, 

where electricity consumption is dominated by modern 

appliances. These devices commonly utilize power 

electronic components for their operation. The influence 

of such appliances is further examined through a 

statistical analysis presented in the following 

subsection. 

2.2 Basic statistical analysis of consumed 
active and reactive power 

Active and reactive power were measured for each 

phase; therefore, the statistical analysis was carried out 

separately for each phase. Tab. 1 summarizes the basic 

statistical analysis of the active power. The table 

presents the mean (𝑃MEAN) and median (𝑃MED) values, 

the standard deviation (𝑃STD), as well as the maximum 

(𝑃MAX) and minimum (𝑃MIN) values. In addition, the 

total active energy consumed over the 12-day 

measurement period (𝐴P) is provided. 

Table 1. Active power analysis 

Cons. Phase PMEAN [W] PMED [W] PSTD [W] PMAX [W] PMIN [W] AP [kWh] 

C1 

A 193,2 26,3 533,1 3711,4 -14,1 58,7 

B 269,3 176,9 366,6 3960,5 -26,1 81,8 

C 325,1 197,4 425,5 6180,5 -5,5 98,7 

C2 

A 365,9 322,7 248,2 3293,9 219,8 111,2 

B 145,9 72,0 351,1 3238,9 64,9 44,3 

C 371,4 371,5 79,5 821,7 204 112,8 

C3 A 210,4 148,3 296,7 4212,8 63,8 63,9 

B 276,1 219,5 300 3139,7 118,3 83,9 

C 191,1 147,3 300,4 3986,7 19,7 58,0 

C4 

A 73,5 34,7 215,6 2994 14,2 22,3 

B 236,6 175,7 225,2 2742,3 104 71,9 

C 188,0 114,4 243,8 3253,8 63,2 57,1 

C5 

A 439,3 383,3 290,8 3670,6 283,8 133,4 

B 286,8 167,2 345 4572,4 102 87,1 

C 235,3 143,6 208,9 2984 94,3 71,5 

A positive value of active power in Table 1 indicates 

power flow from the network to the consumer, whereas 

a negative value indicates the opposite direction from 

the consumer back into the network. The same 

interpretation applies to reactive power throughout this 

article. 

For the mean values of active power, substantial 

differences were observed between the individual 

phases for several consumers. These differences reflect 

a noticeable unbalance in their power consumption. A 

significant discrepancy between the mean and median 

values is also evident for most consumers, indicating the 

presence of power peaks that increase the value of 

𝑃MEAN. These observations are further supported by the 

large differences between the maximum and minimum 

values of active power. 

For consumer C1, negative values of 𝑃MIN were 

recorded in all three phases. This household does not 

have any local electricity generation source; therefore, 

the negative values were caused by high unbalance. For 

example, at one measurement interval when the active 

power in phase A was 𝑃A = −14.1 W, the 

corresponding values in the other phases were 𝑃B =
2.1 kW and𝑃C = 3.2 kW. This clearly demonstrates a 

significant imbalance. For each interval in which 𝑃MIN 

reached a negative value, the current unbalance factor 𝜌I 
was calculated as follows:  

 

𝜌𝐼 =
|𝑰A−|

|𝑰A+|
∙ 100,      (1) 

 

where 𝑰A− and 𝑰A+ denote the negative and positive 

sequence current phasors of phase A, respectively. 

These components are obtained using the Fortescue 

transformation, expressed as follows: 

 

𝑰A+ =
1

3
∙ (𝑰A

r + 𝒂 ∙ 𝑰B
r + 𝒂2 ∙ 𝑰C

r ),    (2) 

 

𝑰A− =
1

3
∙ (𝑰A

r + 𝒂2 ∙ 𝑰B
r + 𝒂 ∙ 𝑰C

r ),    (3) 

 

where 𝒂 is the phase shifting operator defined as 𝒂 =
𝑒𝒋∙120°, 𝑰A

r , 𝑰B
r  and 𝑰C

r  are the current phasors of phases 

A, B, and C, respectively, expressed with respect to the 

real axis. The calculated current unbalance factors for 

the three instances of negative active power 

(corresponding to the minimum value observed in each 

phase) are: ρI(-14,1 W) = 45.4 %, ρI(-26.1 W) = 94.9 %, 

ρI(-5 W) = 95.7 %. As already mentioned, it is possible 

to divide consumers into two groups older and modern 

households. In consumption of active power and active 

energy is not significant different, so in this case, age of 

households does not have impact on active power 

consumption. 

As in the case of active power, a basic statistical 

analysis was also carried out for the reactive power. The 
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results of this analysis are presented in Table 2. The 

same statistical indicators were computed as for active 

power, with the addition of the parameter 𝑄cap%, which 

represents the percentage of time during which reactive 

power was supplied (leading reactive power) from the 

consumer back to the network. 

Table 2. Reactive power analysis 

Cons. Phase 
QMEAN 

[var] 

QMED 

[var] 

QSTD 

[var] 

QMAX 

[var] 

QMIN 

[var] 

AQ 

[kvarh] 

AQind 

[kvarh] 

AQkap 

[kvarh] 

Qkap% 

[%] 

C1 

A -49,5 -48,7 62,2 912,5 -119,4 -15 2,5 17,5 91,6 

B 74,9 91,7 154,5 623,3 -353,8 22,7 31,6 8,8 30,7 

C -158,8 -148,3 162,8 582,4 -557,4 -48,2 7,1 55,4 91,8 

C2 

A -41,5 -128,8 156,9 881,1 -226,7 -12,6 15,2 27,8 71 

B 127 123,4 29,3 625,9 93,8 38,6 38,6 0 0 

C 152,8 146 63,3 43 -194,5 46,4 46,9 0,5 1,3 

C3 

A -92,1 -100,8 80 901,5 -395,2 -28 2,9 30,9 95,5 

B 142,2 132,5 35,1 885,6 85 43,2 43,2 0 0 

C 120 74,8 92,3 858,7 -90,3 36,5 36,7 0,2 1,5 

C4 

A -133 -129,5 23,4 -86,9 -326,4 -40,4 0 40,4 100 

B -194,1 -183,7 104 461,4 -745,3 -59 2,1 61 98,3 

C -217,2 -210,9 30,3 48,6 -522,9 -66 0 66 99,9 

C5 

A -247,3 -245,2 80,9 949,5 -575,8 -75,1 0,9 76 98,8 

B -199,9 -202,8 95,9 934,1 -808,4 -60,7 2,2 63 97,6 

C -174,9 -177,4 83,5 988,7 -740,2 -53,1 1,8 54 98,1 

Similar to active power, the mean and median values 

of reactive power indicate the presence of unbalance for 

all measured consumers. In contrast to active power, the 

differences between the mean and median values of 

reactive power were generally small, except in two cases 

(C2 in phase A and C3 in phase C). This indicates that 

reactive power contains fewer pronounced peaks 

compared to active power, where high power resistive 

appliances predominantly caused the peaks. 

Based on the values of 𝑄MEAN, 𝑄MED, and 𝑄cap%, it 

can be stated that the first group of consumers (C1 - C3), 

representing older households, exhibits a leading 

reactive power characteristic in at least one phase. For 

consumers C2 and C 3, reactive power was 

predominantly lagging throughout almost the entire 

measurement period; however, leading reactive power 

was observed in phase A. For consumer C1, lagging 

reactive power was recorded in phase B during 70 % of 

the measurement period, while phases A and C showed 

leading reactive power for 91 % of the time. 

2.3 Reactive power analysis 

The statistical analysis of reactive power revealed clear 

differences in the consumption characteristics between 

the two groups of consumers. For this reason, the 

reactive power curves over the entire measurement 

period are presented for one representative household 

from each group in Figures 1 and 2. Consumer C1 was 

selected to represent the first group (older households), 

while consumer C4 was chosen as the representative of 

the second group (newer households). 

The red lines in Figures 1 and 2 represent the 

maximum, minimum, and mean values of the reactive 

power. In the reactive power curve of consumer C1 

(phase A), a high number of short-duration peaks in the 

positive direction can be observed, caused by the 

switching of high-power inductive appliances. In the 

remaining phases, peaks occur in both directions, with 

longer duration but smaller magnitude. The reactive 

power curves for the other consumers in this group (C2 

and C3) exhibit a similar pattern. In contrast, the reactive 

power curves of consumer C4 show significantly lower 

variability, with peaks occurring less frequently and 

with smaller magnitudes. 

 

Fig. 1. Reactive power curves of C1 

 

Fig. 2. Reactive power curves of C4 

Based on the reactive power analysis, distinct 

differences in consumption characteristics between 

older and newer households are evident. The older 

households (C1 - C3) exhibit substantially higher 

variability compared to the newer households (C4 and 

C5). Consumers C4 and C5 also display predominantly 

leading reactive power throughout most of the 

measurement period, which is attributed to the 

widespread use of modern electrical appliances 

incorporating power electronics. In contrast, consumers 

C1 - C3 show a mixed reactive power character, with 

some phases exhibiting lagging and others leading 

reactive power. This is primarily due to the presence of 

older appliances that do not employ power electronic 

control, resulting in less uniform reactive power 

characteristics. 

For a clearer overview of the periods during which 

reactive power was leading or lagging, Figures 3 and 4 

present histograms (blue bars) and cumulative 

histograms (orange lines) for the individual phases of all 

consumers. The x-axis represents reactive power 

divided into 10-var intervals, while the left y-axis shows 

the percentage frequency of each interval. The right y-

axis indicates the cumulative percentage of measured 

samples whose reactive power values are less than or 

equal to the corresponding value on the x-axis. 

          

          

          

                     

                     

                     

          

          

          

                     

                     

                     

      
EPJ Web of Conferences 372, 06003 (2026) https://doi.org/10.1051/epjconf/202637206003 

APS 2026

3



The histograms in Figures 3 and 4 confirm the 

findings from the previous analysis. For consumers C1 

- C3, the histograms indicate a mixed reactive power 

character. In the case of consumer C1, the majority of 

reactive power values are negative (leading) in phases A 

and C, while positive (lagging) values dominate in phase 

B. The remaining consumers in this group, C2 and C3, 

predominantly exhibit leading reactive power in phase 

A and lagging reactive power in phases B and C. 

 

Fig. 3. Histograms with cumulative histograms for C1 – C3 

 

Fig. 4. Histograms with cumulative histograms for C4 - C5 

Consumers C4 and C5 exhibit negative reactive 

power values for almost the entire measurement interval 

across all phases. The highest frequency of reactive 

power values lies within the interval from –200 to –100 

var, depending on the specific consumer and phase. 

These differences are attributed to the phase unbalance 

of the reactive power. 

3 Power flow calculations in low 
voltage network 

To achieve a better understanding of how consumption 

characteristics change under different conditions, it is 

necessary to analyze several scenarios. For this purpose, 

the measured power values were used to parameterize 

the loads in the low-voltage network, and multiple 

scenarios were created by combining different sets of 

consumers (C1 - C5). Each scenario, therefore, 

represents a distinct consumption profile of the 

simulated network. 

3.1 Power flow calculation method 

The consumption analysis revealed noticeable phase 

unbalance among the measured consumers. Applying 

classical power-flow methods intended for balanced 

networks, where calculations are performed only for a 

single phase, would there   0fore introduce significant 

errors. For this reason, the power flow calculations in 

this study were carried out for an unbalanced network, 

performing the computations separately for each phase 

of the three-phase system. The power-flow calculation 

was conducted using a modified Gauss-Seidel numerical 

method adapted for polyphase network calculations [9]: 

 

[𝑼𝐩] = [𝒀𝐩𝐩]
−𝟏

∙ ([𝑰𝐩] + [𝑺𝐩
∗ ]./[𝑼𝒑

∗ ] − ∑ ([𝒀𝐩𝐪] ∙ [𝑼𝐪])
𝒏
𝐪=𝟏
𝐪≠𝐩

),  (4) 

 

where [𝑼𝐩] is the voltage subvector at the corresponding 

node, [𝒀𝐩𝐩] and [𝒀𝐩𝐪] are the submatrices of the 

admittance matrix, and [𝑰𝐩] is the current subvector for 

the corresponding node. The term [𝑺𝐩
∗ ]./[𝑼𝒑

∗ ] represents 

the element-wise division of the conjugated apparent 

power subvector by the conjugated voltage subvector at 

the corresponding node. The variable 𝑛denotes the 

number of nodes in the simulated network. For loads 

modeled as constant current loads, a correction of the 

current angle is applied after each iteration. This ensures 

that the power factor remains unchanged despite 

variations in the voltage angle at individual nodes. 

From equation (4), it is evident that the parameters 

of individual network elements are represented using 

matrices. In the case of a three-phase low voltage 

network operated with a four-wire configuration, these 

matrices have dimensions of 4 × 4. The electrical 

quantities at each node are represented by vectors with 

dimensions 4 × 1. 

3.2 Low voltage network configuration and 
applied consumption scenarios 

Power flow calculations were performed on the low 

voltage network shown in Figure 5. The topology of this 

network was designed in accordance with the 

specifications presented in [10]. 

 

Fig. 5. Simulated low voltage network 

The network shown in Figure 5 consists of  87 nodes, 

87 lines, and 128 loads representing individual 

consumers. The lines are underground cable types 

marked as 1-CYKY with cross-sections of 4×120 mm², 
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4×95 mm², and 4×70 mm². The length of all lines is 35 

m. 

The loads are modeled as constant-current loads. 

Their parameters were obtained using the measured one-

minute active and reactive power values of consumers 

C1 and C5. These power values were used to calculate 

the corresponding load currents at nominal voltage. For 

the simulated network, four different consumption 

scenarios were created. The scenarios were defined 

based on the percentage share of consumers C4 and C5, 

while the remaining loads were randomly assigned 

parameters derived from the measured powers of 

consumers C1 - C3. The percentage shares of consumers 

C4 and C5 for each scenario (S1 - S4) are summarized 

in Table 3. 

Table 3. Description of individual consumption scenarios 

Percentage shares of consumers C4 and C5 

Scenario S1 Scenario S2 Scenario S3 Scenario S4 

[number] [%] [number] [%] [number] [%] [number] [%] 

26 20 51 40 102 80 128 100 

3.3 Power flow calculation results 

As in the case of individual consumers, a statistical 

analysis of active and reactive powers in PCC for the 

low voltage network was performed, and the results are 

presented in Tables 4 and 5. The same statistical 

indicators as those in Tables 1 and 2 were calculated and 

evaluated, and the notation used remains unchanged. 

Table 4. Active power analysis for all scenarios 

Scenario Phase 
PMEAN 

[kW] 

PMED 

[kW] 
PSTD [kW] 

PMAX 

[kW] 

PMIN 

[kW] 

AP 

[MWh] 

S1 

A 29,03 20,67 22,45 199,92 12,42 8,36 

B 27,56 20,82 19,92 183,45 7,85 7,94 

C 32,54 27,6 19,46 216,1 10,01 9,37 

S2 

A 29,67 22,27 18,46 161,75 14,06 8,55 

B 28,41 22,06 18,06 165,74 10,12 8,18 

C 31,3 27,14 16,85 176,65 11,17 9,02 

S3 

A 30 24,54 17,83 222,53 14,72 8,64 

B 30,90 24,32 21,17 213,13 13,11 8,9 

C 28,26 24,3 17,6 244,29 11,6 8,14 

S4 

A 29,84 24,21 21,62 250,6 12,75 8,59 

B 33,66 24,92 25,79 262,03 13,91 9,69 

C 26,82 19,41 21,13 287,51 6,6 7,72 

For the low voltage network shown in Figure 5, the 

percentage shares defined in Table 3 were applied. The 

statistical analysis reveals only minimal differences 

between the individual scenarios. The largest variation 

was observed in the maximum active power value 𝑃MAX, 

which increases with higher percentage shares of 

consumers C4 and C5. The values of 𝑃MEAN and 𝑃MED 

indicate that the consumption of the low voltage 

network at the PCC is balanced across the individual 

phases. 

Table 5. Reactive power analysis for all scenarios 

Scenario Phase 
QMEAN 

[kvar] 

QMEDIAN 

[kvar] 

QSTD 

[kvar] 

QMAX 

[kvar] 

QMIN 

[kvar] 

AQ 

[Mvarh] 

Qkap% 

[%] 

S1 

A -13,22 -14,52 5,32 57,25 -33,15 -3,81 98 

B 7,16 7,48 6,83 59,70 -15,10 2,06 16 

C -1,59 -3,46 7,36 83,89 -20,48 -0,46 82 

S2 

A -15,39 -16,46 4,58 27,80 -36,36 -4,43 99 

B 0,97 1,21 5,90 37,36 -16,51 0,28 40 

C -6,30 -7,60 5,63 43,28 -20,66 -1,82 88 

S3 

A -21,32 -21,20 4,18 57,32 -49,12 -6,14 100 

B -15,12 -15,22 6,72 57,08 -46,72 -4,35 96 

C -17,39 -17,43 4,29 70,17 -33,51 -5,01 99 

S4 

A -24,03 -23,88 5,24 82,54 -52,87 -6,92 99 

B -23,35 -23,34 8,83 78,96 -64,39 -6,73 97 

C -23,93 -23,72 5,36 102,52 -42,94 -6,89 99 

As expected, the reactive power at the PCC of the 

low-voltage network (Table 5) changes significantly 

across the individual scenarios. With increasing 

percentage shares of consumers C4 and C5, the 

magnitude of reactive power at the PCC increases in the 

negative direction. This trend is further confirmed by the 

rising value of 𝑄cap%. By adjusting the percentage share 

of consumers C4 and C5, a wide range of consumption 

conditions can be simulated, enabling the representation 

of both older and modern household consumption 

patterns within the network. 

In contrast to active power, the reactive power 

consumption, based on the mean and median values, is 

not balanced across all scenarios. In scenarios S1 and 

S2, which contain a high percentage share of consumers 

C1 - C3, the reactive power consumption is noticeably 

unbalanced. As the percentage share of consumers C4 

and C5 increases, the degree of unbalance decreases. In 

scenario S4, where 100% of these consumers are 

included, the mean and median values of reactive power 

become balanced across all phases. Figure 4 shows the 

voltage (red line) and current (blue line) unbalance 

factors at the PCC of the low voltage network. The 

unbalance factors were calculated using the Fortescue 

symmetrical components transformation, based on 

equations (1 - 3). 

Fig. 6. Voltage and current unbalance factors at the PCC 

Based on the curves in Figure 6, a decreasing trend 

of voltage and current unbalance with increasing shares 

of consumers C4 and C5 can be observed. In scenarios 

S1, S3, and S4, the maximum allowable value of the 

voltage unbalance factor was exceeded in several cases. 

These exceedances lasted only 1 minute, corresponding 

to a single simulated iteration. According to the 

technical standard EN 50160 [11], the limit value of the 

voltage unbalance factor is ρU = 2 % (indicated by the 

pink dashed line in Figure 6). 
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Fig. 7. Histograms of reactive power for all scenarios 

For better clarity, Figure 7 presents histograms of the 

reactive power at the PCC of the low voltage network. 

These histograms allow identification of the reactive 

power character in each scenario. With increasing 

percentage shares of consumers C4 and C5, the reactive 

power value with the highest frequency shifts in the 

negative direction. The most illustrative example is 

phase B across all scenarios. In scenario S1, where the 

share of consumers C4 and C5 is 20 %, the dominant 

(most frequent) reactive power value is positive. In 

scenario S2, with a 40 % share, this dominant value 

gradually approaches zero. In scenarios S3 and S4, with 

shares of 80 % and 100 %, respectively, the reactive 

power value with the highest frequency becomes 

negative. 

4 Conclusion 

Given the growing trend of opposite reactive power 

flows between the distribution and transmission 

systems, one of the identified sources of this 

phenomenon is the changing consumption 

characteristics of households in low voltage networks. 

Therefore, this paper analyses the consumption 

characteristics of real consumers in low voltage 

networks, as well as the behavior of an entire low 

voltage network whose consumption was determined 

through simulations. 

In total, active and reactive power consumption was 

measured at one-minute intervals for five consumers. 

These consumers were divided into two groups: C1 - C3 

(older households with older appliances) and C4 - C5 

(newer households with modern appliances). Based on 

the analysis of their reactive power consumption, a 

predominantly capacitive character is evident. This 

capacitive character, expressed as leading reactive 

power, is dominant mainly for the newer households C4 

and C5, where reactive power reached negative values 

during almost the entire measurement period. For the 

older households, a mixed character was recorded, with 

some phases exhibiting leading reactive power and 

others lagging. Another important finding is the 

unbalance of drawn currents across individual phases. 

Due to the observed unbalance, a simulation model 

for polyphase unbalanced network calculations was 

created. This approach avoids the errors that would 

occur if a symmetrical single-phase model were used. 

The measured active and reactive power data were used 

to parametrize the loads in the network shown in Figure 

5, and four different scenarios were developed. In these 

scenarios, the percentage share of consumers C4 and C5 

was varied according to Table 3, allowing the analysis 

of different consumption characteristics of the low 

voltage network. 

As expected, the simulation results show an 

increasing magnitude of reactive power and a shift 

toward negative values with the growing percentage 

share of consumers C4 and C5. These findings indicate 

that modern residential areas, where consumption is 

predominantly created by consumers with similar 

characteristics to C4 and C5, are a significant source of 

reactive power. A similar trend was also recorded for 

older households in some phases, where their 

consumption resembled that of C4 and C5. These 

households use both older and modern appliances, and 

as older appliances are gradually replaced, these 

consumers will increasingly exhibit leading reactive 

power in all phases for most of the time. 

As the simulation results show, the modernization of 

households and the construction of new residential areas 

will lead to an increase in the magnitude of reactive 

power in the network. Therefore, it is necessary to 

address this issue. The most effective solution is to 

compensate for reactive power directly in the low-

voltage network rather than allowing it to flow to higher 

voltage levels, where it would cause additional losses. 

Due to the high variability of reactive power over 

time, active compensation represents one of the most 

suitable solutions. In low-voltage networks, there is also 

a growing trend in the installation of small photovoltaic 

power plants operated by consumers. For this reason, 

reactive power compensation should be implemented 

using the inverters that are already required for PV 

system operation. Such inverter-based compensation is 

likely to play a key role in future solutions to this 

problem. 
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