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 Large-scale integration of renewable energy (RE) resources into the 

electrical grid has increased significantly over the last decade, affecting the 

network at various nodes even at considerable distances from the common 

connection point. This paper presents an overvoltage assessment caused by 

the integration of two wind generators (WGs) into a low voltage distribution 

grid, which is structured into three zones. Two scenarios are studied, the first 

one considers the low voltage grid without WGs, representing its natural 

operating condition. In the second scenario, two WGs are connected in zone 

3, inducing voltage rises at different nodes within the same zone, by 

reaching 7.9%, and affecting nodes located in other zones (Zone 1 and  

Zone 2). The simulation is performed using MATLAB/Simulink (R2025a), 

and the results obtained are compared to the standards test feeder IEEE  

33-bus network, showing the overvoltage caused by WGs integration at 

nodes close to the connection point while improving voltage quality at 

distant nodes. 

Keywords: 

LV distributed network 

Overvoltage assessment 

Wind energy in power system 

Wind energy integration impact 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Farid Merahi 

Department of Electrical Engineering, University Setif 1- Ferhat Abbas 

Sertif, Algeria 

Email: farid.merahi@univ-setif.dz 

 

 

1. INTRODUCTION 

Integration of renewable energy (RE) sources, such as solar and wind generators (WGs), offers 

numerous benefits for energy system and society as a whole [1]. Renewable energies contribute to a more 

sustainable electricity system by reducing dependence on fossil fuels and lowering CO2 emissions from 

electricity generation, which is essential for achieving climate targets [2], [3]. In addition, the emergence of 

decentralized RE production units diversifies energy supply and strengthens the system's resilience to price 

fluctuation. Technological innovations and falling costs have made solar and wind energy competitive with 

conventional energy sources in many cases, giving them an increasingly important role in the international 

energy mix [4], [5]. 

The integration of wind energy affects power system stability by causing power peaks and frequency 

imbalances due to intermittency and the lack of natural inertia from power electronic interfaces [6], [7].  

This necessitates grid modernization, including synthetic inertia and grid-forming solutions such as batteries 

and advanced power electronics, as well as adapted grid management for decentralized generation.  

Moreover, rapid wind deployment impacts short-term electricity markets, leading to reduced renewable 

revenues, more frequent negative prices, and increased flexibility requirements. 

The complexity of the centralized electrical grid is further accentuated by the integration of 

decentralized RE sources as wind energy, which are being developed all over the world, as several countries 

https://creativecommons.org/licenses/by-sa/4.0/
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are engaged with energy transition laws for green growth [8]. For EU, the commitment has been made by all 

member states to increase the share of RE to reach at least 27% of the Union's energy consumption by 2030. 

Algeria aims to supply 30% of its energy from renewable by 2030, posing a key challenge for the centralized 

network to integrate these decentralized sources while maintaining balance, stability, and proper operation. 

System operator will have to rethink the traditionally unidirectional network and transform it into a 

bidirectional one, where energy flows not only from the producer to the consumer but also from the 

“consumer-actor” to other consumers [9], [10]. In any case, RE do not mean the end of the existing electrical 

grid, which remains an important element of the increased decentralized energy model [11]. The scattering of 

WGs originates primarily from the fact that these energies are produced as close as possible to consumers 

and are therefore distributed across the territory [12]. However, this dispersion is also explained by the 

limited availability of large land areas, which leads to the creation of small production units. This low 

concentration of WG production requires electrical grid reinforcement in order to integrate these production 

units to consumption sites [13].  

Consequently, the power system faces new challenges due to the increase in intermittent wind 

electricity generation which opposes to centralized generation presents a new situation that must be managed 

[14], [15]. The integration of WGs into the distribution network can generate various incidences, affecting 

the electrical variables such as the power flow, voltages at different nodes, unbalances, harmonics and 

stability. In addition, they can affect the network equipment by damaging the dielectrics of the cables, which 

can lead to voltage elevation [16], [17]. The integration of WGs into conventional power grids poses 

technical challenges due to the shift from mechanically synchronized generation to power-electronics-based 

systems [18], [19]. This transition can cause temporary or permanent overvoltages, threatening grid stability 

and power quality [20]. Existing studies have focused on specific effects such as flicker and harmonics [21] 

or circuit breaker transient parameters [22], without directly addressing overvoltage phenomena. WGs injects 

active and reactive power, which can increase voltage and improve profile stability. Conversely, in near 

substations, where voltage is generally higher, a significant injection of wind energy can cause voltage 

overloads, sometimes exceeding the permitted ranges. 

This paper focuses on the overvoltage impact assessment due to the integration of WGs into low 

voltage distribution network. After describing the structure of low voltage distribution network, the 

expressions of voltage level at the nodes and voltage drops are formulated. Simplified models of the different 

elements of WGs are also presented. The studied system is simulated in MATLAB/Simulink software, under 

two different scenarios, without and with integration of WGs. The results, compared with the standards test 

feeder IEEE 33-bus system, show that integrating WGs cause voltage rise at nodes near to the connection 

point and improves voltage quality at distant nodes. 
 

 

2. METHOD 

The LV distribution network delivers electricity from a 160kVA, 20/0.4kV MV/LV transformer to 

end consumers at 230/400 V via overhead or underground cables, with individual connections protected by 

circuit breakers. The studied network has 14 nodes and 13 active and reactive power loads. 
 

2.1.  LV distribution network 

A low-voltage distribution network comprises several loads located far from the source substation, 

as shown in Figure 1. It shows low voltage distribution configuration network shewing the different lengths 

and cable types (type 5 is a three-phase 4-wire cable – 3*150 mm² and a 70 mm² neutral, type 7 is a three-

phase 4-wire cable - 3*95 mm² and a 50 mm² neutral). The equivalent simulation setup of the LV distribution 

network is also presented in Figure 1. 

The simulation model is based on a complete topological representation of low-voltage network 

(400/230 V), where the nodes correspond to the junction points and customers, each component being 

characterized by its precise electrical parameters: length, type and cross-section of the conductor for 

calculating series impedances (R, L) according to standard formulas and shunt capacitance. Customer loads 

are modelled as complex powers Li (P, Q) injected at the corresponding nodes, with the possibility of a load 

profile over time. The simulation is implemented includes network initialization, definition of all parameters, 

execution of calculations and extraction of voltages.  
 

2.2.  Voltage drops 

Voltage drops, which occurs, when we connect a PQ node to two bus is presented in Figure 2 and 

given by the (1) [23]. 
 

𝛥𝑈

𝑈
=

𝑅.𝑃+𝑋.𝑄

𝑈2
 (1) 
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Figure 1. LV distribution network configuration and simulation setup 

 

 

 
 

Figure 2. Voltage drops across R, X impedance 

 

 

The voltage drops between the feeder and the common connection point (CCP) of the WGs through 

one line is expressed as (2) and (3): 

 

𝛥𝑈 = 𝑅.
𝑃𝑁

𝑈𝑁
+ 𝑋.

𝑄𝑁

𝑈𝑁
  (2) 

 

𝛥𝑈 = 𝑅.
𝑃𝑁

𝑈𝑁
+ 𝐿.𝑤.

𝑄𝑁

𝑈𝑁
 (3) 

 

where: R: is the total resistance of the line, X: is the total reactance of the line, UN: is the voltage at the node 

N, PN, QN: are the active and reactive powers at the node N. 

The injection of energy from renewable sources into the electricity grid directly influences local 

voltage. Active power tends to increase voltage by reducing Joule losses on the lines, while reactive power 

injection has a more direct and significant impact on the voltage profile. According to the relationship  

Q ∝ ΔV, the injection of reactive power compensates for the reactive consumption of loads and lines, thereby 

reducing the voltage drop and leading to an increase in the voltage level at the CCP.  

 

2.3.  Network analysis 

For analysis, we consider a general radial network as simple as possible shown in Figure 3, with n 

loads, n-1 lines, a short-circuit impedance (R1, X1 in series with a perfect voltage source) and a distributed 

generator located at node N14. 

 

 

 
 

Figure 3. Network analysis with and without WGs connected to node N14 
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In LV distribution network, a line resistance is very high than a line reactance (R>>L), for this 

reason we use this type of network where the overvoltage phenomena is easily observable. Therefore, the 

voltage drop will depend only on the active power as given by (4): 

 

𝛥𝑈 = 𝑅.
𝑃𝑁

𝑈𝑁
  (4) 

 

Thus, the voltage drop between the station source and the CCP Nj is given as [24]: 

 

𝛥𝑈(𝑁𝑗) =
∑ (∑ 𝑅𝑙

𝑘≤𝑗
𝑙=1 ).𝑃𝑘+∑ (∑ 𝑋𝑙

𝑘≤𝑗
𝑙=1 ).𝑄𝑘

𝑛
𝑘=1

𝑛
𝑘=1

𝑈𝑠𝑜𝑢𝑟𝑐𝑒
  (5) 

 

2.4.  WGs configuration and model 

Two WGs, each rated at 2MW and based on permanent magnet synchronous generators (PMSG), 

are integrated to the grid at node N14 via cascaded power electronic converters, as shown in Figure 4.  

The mathematical models of the wind turbine, PMSG, and associated power converters are described by the 

equations presented in [25]. 

 

 

 
 

Figure 4. WGs connected LV distribution network at node N14 

 

 

The aerodynamic torque expression is given as (6): 

 

𝑃𝑡 =
1

2
. 𝐶𝑝(𝜆, 𝛽). 𝜌. 𝑆. 𝑣

3 (6) 

 

Applying Park transformation and simplifications, the PMSM model becomes (7): 

 

{
 
 

 
 𝑣𝑑 = 𝑅𝑠𝑖𝑑 + 𝐿𝑑

𝑑

𝑑𝑡
𝑖𝑑 − 𝜔𝑟𝐿𝑞𝑖𝑞

𝑣𝑞 = 𝑅𝑠𝑖𝑞 + 𝐿𝑞
𝑑

𝑑𝑡
𝑖𝑞 + 𝜔𝑟(𝐿𝑑𝑖𝑑 + 𝜑𝑓)

𝐽
𝑑Ω𝑟

𝑑𝑡
= 𝑇𝑒𝑚 − 𝑓. Ω𝑟 − 𝑇𝑟

 (7) 

 

Ω𝑟 , 𝑖𝑑and 𝑖𝑞are the state variables, they can be written as (8): 

 

{
 
 

 
 

𝑑

𝑑𝑡
𝑖𝑑 = −

𝑅𝑠

𝐿𝑑
𝑖𝑑 + 𝜔𝑟

𝐿𝑞

𝐿𝑑
𝑖𝑞 +

𝑣𝑑

𝐿𝑑
𝑑

𝑑𝑡
𝑖𝑞 = −

𝑅𝑠

𝐿𝑞
𝑖𝑞 − 𝜔𝑟

𝐿𝑑

𝐿𝑞
𝑖𝑑 −

1

𝐿𝑞
𝜑𝑓𝜔𝑟 +

𝑣𝑞

𝐿𝑑

𝑑Ω𝑟

𝑑𝑡
=

1

𝐽
(
3

2
𝑝. 𝜑𝑓 . 𝑖𝑞 − 𝑓. Ω𝑟 − 𝑇𝑟)

 (8) 

 

Mathematical model of the generator side converter (rectifier) is given as (9): 

 

𝑖𝑟𝑒𝑑 =
1

𝑅𝑠+𝐿𝑠.𝑠
. [𝑉𝑎 𝑉𝑏 𝑉𝑐]. [

𝑆𝑎
𝑆𝑏
𝑆𝑐

] (9) 
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Electrical equations of the DC-bus are given by (10): 

 

𝑈𝑑𝑐 =
1

𝐶
∫ 𝑖𝑐 𝑑𝑡 (10) 

 

Mathematical model of grid side converter (inverter) can be written in matrix form as (11): 

 

[

𝑉𝑎𝑛
𝑉𝑏𝑛
𝑉𝑐𝑛

] =
𝑈𝑟𝑒𝑑

6
[
2 −1 −1
−1 2 −1
−1 −1 2

] [

𝑆𝑎
𝑆𝑏
𝑆𝑐

] (11) 

 

 

3. RESULT AND DISCUSSION 

The drop voltage calculation given by the expression (5) is applied on a three-phase low voltage 

network. For the study, LV network is structured into three zones: zone 1, zone 2 and zone 3. Each zone 

represents one distribution line. Thus, two scenarios have been simulated, the first scenario is without 

integration of WGs, and the second scenario is with insertion of two WGs at nodes N14 as shown in Figure 3. 

 

3.1.  Scenario No1: without integration of WGs 

The simulations were carried out for drop voltage calculation on each node with two load states: a 

state with a half load (50%) and a state with full load (100%). 

- Zone 1: 50% of load 

Figure 5 shows voltage profiles in different nodes of the first zone without insertion of any 

renewable sources. Without connection of any WG, the electrical grid is in classical operating configuration. 

We observe that the voltage drops along a line, mainly due to the series impedance (resistance and reactance) 

of the cables, causing a drop in voltage with distance and load. The lowest voltage is 0.920 pu, generally 

remains acceptable in many distribution standards (often > 0.9 or 0.92 pu). 

We note that the decrease is not linear with distance, as the load is distributed between the nodes, 

not just at the end. The sharpest drop is observed between N1 and N2 (400 m), from 0.971 pu to 0.947 pu  

(a drop of 0.024 pu), then the drop slows down (between N5 and N6: only 0.005 pu over 960 m), suggesting 

that the loads between N5 and N6 are low or the current flowing in this section is reduced. These results serve 

as a reference (case without WGs) for assessing the impact of WGs on the voltage profile. With WGs, 

voltages are generally expected to rise at nodes close to the insertion points, thereby reducing voltage drops. 

Table 1 shows the numerical results of voltages at the different nodes of zone 1, according to their distance to 

the feeder station, with a half load (50%). 
 

 

 
 

Figure 5. Voltage profiles in the first zone without WGs 
 

 

Table 1. Numerical results of voltages at the nodes of the first zone with a 50% of load 
Nodes N1 N2 N3 N4 N5 N6 

Voltages (pu) 0.971 0.947 0.933 0.929 0.925 0.920 

Distance (m) 00 400 600 760 965 1925 

 

 

Without decentralized production, voltage profile decreases with distance, typical of a radially 

loaded line. The minimum voltage (0.920 pu at N6) is close to the lower tolerance limits (often 0.90 pu), 

which justifies studying ways to improve the profile, for example by inserting WGs, which inject reactive or 

active power and can raise the voltage. 
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- Zone 1: 100% of load 

Table 2 shows the numerical results of voltages at the different nodes of zone 1, according to their 

distance to the feeder station, with a full load (100%). We observe that the voltage at node N1 is 0.966 pu it 

is slightly low to nominal voltage (1.000 pu), but acceptable in a loaded network. There is a gradual drop in 

voltage from node N1 to N6, with the voltage decreasing steadily from 0.966 pu at N1 to 0.902 pu at N6. 

This represents a total deviation of 0.064pu (or approximately a 6.4% drop between N1 and N6). From N3 to 

N6, voltages are low to 0.910 pu, reaching 0.902 pu at N6. During normal operation, a voltage lower than 

0.95 pu can be considered low, or even problematic if it falls lower than 0.90 pu (according to standards). 

The voltages at N5 (0.904 pu) and N6 (0.902 pu) are close to the typical lower limit, the probable cause is the 

voltage drop is due to high distance (up to 1925 m) and high load (100%), without local compensation  

(no WG). Without WGs, all power must come from the upstream source (N1). This accentuates the voltage 

drop on distant nodes, as the current flowing through the lines is higher. 

 

 

Table 2. Numerical results of voltages at the nodes of the first zone with a 100% of load 
Nodes N1 N2 N3 N4 N5 N6 

Voltages (pu) 0.966 0.924 0.910 0.907 0.904 0.902 

Distance (m) 00 400 600 760 965 1925 

 

 

In this case, the network is heavily loaded and has a significant voltage drop at remote nodes.  

The voltages at the end of the line (N5, N6) are critical (≈0.90 pu), which could lead to stability or power 

quality problems for customers connected to these nodes. This scenario without WGs serves as a reference 

for evaluating the improvement brought about by the insertion of decentralized generation. 

- Zone 2: 50% of load 

Figure 6 shows the voltage profiles in the second zone without WGs, it shows a significant voltage 

drop at remote nodes. We note that all voltages are below 1.0 pu, indicating a voltage drop along the line. 

The further away from the source (assumed to be close to N1), more the voltage decrease. It should be noted 

that the voltage drop is not strictly linear with distance, suggesting that the load is not evenly distributed; the 

first sections (N1 to N3) are probably more heavily loaded than the following ones. 

 

 

 
 

Figure 6. Voltage profiles in the second zone without WGs 

 

 

Table 3 shows the numerical results of voltages at the different nodes of zone 2, according to their 

distance to the feeder station, with a half load (50%). Also, we note that the total voltage drops (from N1 to 

N9) is 4.6%. In LV distribution network, a drop >5% is often considered problematic, so, we are close to the 

limit. Nodes N7, N8, and N9 are critical and have voltages < 0.93 pu, this could be a problem if sensitive 

equipment is connected to them. 

 

 

Table 3. Numerical results of voltages at the nodes of the second zone with a 50% of load 
Nodes N1 N2 N3 N7 N8 N9 

Voltages (pu) 0.971 0.947 0.933 0.929 0.928 0.925 

Distance (m) 00 400 600 730 1150 2270 
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In this case, the network presents a significant voltage drops, but still acceptable at 50% load.  

The most distant nodes are N7, N8, N9 are more affected. If the load were to increase beyond 50%, measures 

would be necessary, such as adding WGs near to low-voltage nodes, optimizing the cross-section of 

conductors on the most heavily loaded sections, or using reactive energy compensation at critical locations. 

- Zone 2: 100% of load 

Table 4 shows the numerical results of voltages at the different nodes of zone 2, according to their 

distance to the feeder station, with a full load (100%). 

 

 

Table 4. Numerical results of voltages at the nodes of the second zone with a 100% of load 
Nodes N1 N2 N3 N7 N8 N9 

Voltages (pu) 0.966 0.924 0.910 0.908 0.904 0.90 

Distance (m) 00 400 600 730 1150 2270 

 

 

There is a gradual and significant voltage drop along the line from N1 to N9. N1 (source) is at  

0.966 pu, which is already slightly lower than the reference value (1.0 pu). N9 (end) is at 0.90 pu, which is 

the minimum voltage recorded, it is the classic result of voltage drop in a distribution line. It can be noted 

that all values are low than 1.0 pu and some are very low, indicating a network under high pressure at 100% 

load. N1 at 0.966 pu indicates that the upstream network or the source itself may already be loaded.  

The maneuvering range is limited from the outset. N9 at 0.90 pu, is critical value. According to standard EN 

50160, low voltage must not fall below 0.90 pu for prolonged periods. A voltage of 0.90 pu is the acceptable 

lower limit and can cause electrical appliances to malfunction, poor lighting, overheating and increased 

losses in motors, and the risk of protection devices being triggered. 

In summary, these results highlight a major failure in power quality in the network studied and 

provide strong technical justification for exploring the insertion of decentralized generation, such as WGs, as 

a means of improving network performance. 

- Zone 3: 50% of load 

Figure 7 shows the voltage profiles in different nodes of the third zone of two load cases (50% and 

100% of load) without insertion of any renewable sources. There is a gradual and significant voltage drop 

along the line from N1 to N9. N1 (source) is at 0.966 pu, which is already slightly lower than the reference 

value (1.0 pu). N9 (end) is at 0.90 pu, which is the minimum voltage recorded, it is the classic result of 

voltage drop in a distribution line. A gradual voltage drop is observed along the line. The voltage at the 

source node (N1) is 0.971 pu (already below 1.0 pu, probably due to the upstream load or network 

characteristics). The lowest voltage at node N14 is 0.932 pu, representing a total drop of 0.039 pu compared 

to N1. So, the further away from node N1, more the voltage decreases. Table 5 shows the numerical results 

of voltages at the different nodes of zone 3, according to their distance to the feeder station, with a half load 

(50%). 

 

 

 
 

Figure 7. Voltage profiles in the third zone without WGs 

 

 

Table 5. Numerical results of voltages at the nodes of the third zone with a 50% of load 
Nodes N1 N2 N11 N12 N13 N14 

Voltages (pu) 0.971 0.947 0.945 0.943 0.935 0.932 

Distance (m) 00 400 630 741 1259 1450 
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It is noted that the voltage drop along the lines is in line with expectations for a radial network at 

50% load. It is due to the impedance of the lines (resistance and reactance) and the load currents. At 50% of 

load, the drops remain moderate (between 0.971 pu and 0.932 pu). In many standards (e.g., EN 50160), the 

voltage must generally remain between 0.90 pu and 1.10 pu in LV. In this case, 0.932 pu is still acceptable 

for operation at 50% of load. This case represents the basic scenario without decentralized production, where 

voltages are supported solely by the source node (N1). 

The network without WGs maintains acceptable voltages at 50% of load, but with a reduced margin 

for the most distant nodes (N13, N14). We note that the node N14 is the most critical (lowest voltage), and at 

full load, voltage problems could arise. 

- Zone 3: 100% of load 

Table 6 shows the numerical results of voltages at the different nodes of zone 3, according to their 

distance to the feeder station, with a full load (100%). We note that the voltage decreases with distance from 

N1. At the starting point (N1), the voltage is 0.966 pu, already below 1.0 pu, indicating an initial voltage drop 

probably due to the total connected load. At the furthest node (N14), the voltage is 0.910 pu, so, a total 

deviation of 0.056 pu. This gradual decrease is consistent with the effect of line resistance and reactance, as 

well as the load distributed along the network. In most distribution networks, the voltage must be maintained 

within an acceptable range (often ±5% to ±10% around 1.0 pu according to standards). Thus, 0.910 pu 

corresponds to -9% relative to 1.0 pu. This may be at the lower acceptable limit for some networks. 

Without WGs, voltages decrease continuously along the network due to line losses and impedance. 

Node N2 shows a significant drop (0.966 to 0.924 pu), indicating a heavily loaded or high-impedance section, 

while the lowest voltage occurs at N14 (0.910 pu), revealing vulnerability to additional load. The low voltage at 

N1 (0.966 pu) suggests upstream network loading, which further amplifies downstream voltage drops. The 

minimum voltage of 0.910 pu is near standard limits, and adding wind turbines could raise voltages through active 

and reactive power injection, reducing line drops. Scenario 2 analyzes the improvement provided by local WG. 
 

 

Table 6. Numerical results of voltages at the nodes of the third zone with a 100% of load 
Nodes N1 N2 N11 N12 N13 N14 

Voltages (pu) 0.966 0.924 0.921 0.918 0.913 0.910 

Distance (m) 00 400 630 741 1259 1450 

 

 

3.2.  Scenario N°2: with integration of WGs 

Scenario N°2 consists to integrate two WGs at the node N14 according to the recommendation 

mentioned at the end of the first scenario, and assess the improvement brought about by local production. 

This part, includes a comparison with IEEE 33-Bus system for each case. 

- Zone 1: 50% of load 

Figure 8 shows voltage profiles in different nodes of the first zone for two load cases (50% and 

100%) with insertion of two WGs at node N14. Table 7 shows the numerical results of voltages at the 

different nodes of the first zone, according to their distance to the feeder station, with a half load (50%). 
 
 

 
 

Figure 8. Voltage profiles in the 1st zone in presence of WGs connected at N14, and voltage deviations 
 

 

Table 7. Numerical results of voltages at the nodes of the first zone with a 50% of load 
Nodes N1 N2 N3 N4 N5 N6 

Voltages (pu) 0.994 1.008 1.002 0.988 0.977 0.959 
Distance (m) 00 400 600 760 965 1925 

Voltage deviations (pu) 0.023 0.061 0.069 0.059 0.052 0.039 
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We note that at the source node (N1) the voltage is 0.994 pu, which is slightly below 1.0 pu. There is 

a maximum voltage drop of approximately 3.5% between N2 (1.008 pu) and N6 (0.959 pu). N2 has the highest 

voltage (1.008 pu) despite N1 = 0.994 pu, which probably indicates power injection from the WGs.  

The voltage at N3 (1.002 pu) and N4 (0.988 pu) show a transition, and the most distant nodes (N5 = 0.977 pu, 

N6 = 0.959 pu) have the lowest voltages. 

WGs have a positive impact on the voltage profile, with N2 higher than N1 due to active and reactive 

power injection. Even at 1925m, the voltage remains at 0.959 pu, within acceptable limits. Overall, WGs 

reduce voltage drops, especially near their connection points, and voltages generally stay within standard 

limits (0.95–1.05 pu), indicating the system is well-sized for this load. 

The comparison with IEEE 33-bus is limited by the difference in scale and topology, but the 

principles observed (improvement in voltages through WGs) are consistent with the literature on distribution 

networks with distributed generation. 

- Zone 1: 100% of load 

Table 8 shows the numerical results of voltages at the different nodes of the first zone, according to 

their distance to the feeder station, with a full load (100%). There is a 0.047 pu voltage drop from node N1 to 

the furthest node N6, keeping voltages within acceptable limits (0.95–1.05 pu), though N6 (0.940 pu) is near 

the lower limit. WGs provide voltage support via reactive power, allowing N1 to operate below 1.0 pu while 

maintaining a viable profile to N6. N6 is the weakest point and requires careful monitoring, as load increases 

or wind variability could push its voltage below standard limits. 

Compared to the standard IEEE 33-bus network, the worst-case voltage is generally found at node 

18 (the furthest away), with a voltage of approximately 0.903 to 0.913 pu. The profile along the main section 

shows a continuous voltage drop, similar to the trend observed in our case, but more pronounced due to the 

total length of the network.  

 

 

Table 8. Numerical results of voltages at the nodes of the first zone with a 100% of load 
Nodes N1 N2 N3 N4 N5 N6 

Voltages (pu) 0.987 0.99 0.981 0.968 0.957 0.94 

Distance(m) 00 400 600 760 965 1925 

Voltage deviations (pu) 0.021 0.066 0.071 0.061 0.053 0.038 

 

 

- Zone 2: 50% of load 

Figure 9 shows voltage profiles in different nodes of the second zone for two load cases (50% and 

100%) in presence of two WGs connected at node N14. Table 9 shows the numerical results of voltages at the 

different nodes of the second zone, according to their distance to the feeder station, with a full load (50%). 

 

 

 
 

Figure 9. Voltage profiles in the 2nd zone in presence of WGs connected at node N14, and voltage deviations 

 

 

Table 9. Numerical results of voltages at the nodes of the second zone with a 50% of load 
Nodes N1 N2 N3 N7 N8 N9 

Voltages (pu) 0.994 1.008 1.002 0.997 0.98 0.962 

Distance (m) 00 400 600 730 1150 2270 
Voltage deviations (pu) 0.023 0.061 0.069 0.068 0.052 0.037 

 

 

Wind power injected at node N14 raises voltages at upstream nodes, with N2 (1.008 pu) and N3 

(1.002 pu) slightly above 1.0 pu, indicating localized overvoltage, while N1 rises to 0.994 pu. Although WGs 
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improve the overall voltage profile, voltage drops at distant nodes are not fully compensated. The reactive 

and active power from the turbines provides the strongest support to nearby nodes, with the effect 

diminishing with electrical distance. Compared to the 33-bus IEEE baseline case, this system has a 

significantly healthier and flatter voltage profile. This is due to a combination of two factors, a load that is 

reduced by half, naturally decreasing voltage drops, and energy injection from the wind turbines at node N14, 

which actively compensates for losses and supports the voltage, even creating slight local voltage rises. It 

should be noted that the minimum voltage of 0.962 pu, although acceptable, indicates that problems could 

arise at 100% load or if the WGs are not producing power.  

- Zone 2: 100% of load 

Table 10. Shows the numerical results of voltages at the different nodes of the second zone, 

according to their distance to the feeder station, with a full load (100%). Voltage generally decreases with 

distance from the source, except between N1 and N3 (0.987–0.998 pu). After N3, it drops sharply to 0.941 pu 

at N9. Wind injection at N14 supports voltages nearby, keeping N1–N3 close to 1.0 pu, but has limited effect 

on distant nodes like N8 and N9. 

 

 

Table 10. Numerical results of voltages at the nodes of the second zone with a 100% of load 
Nodes N1 N2 N3 N7 N8 N9 

Voltages (pu) 0.987 0.99 0.981 0.973 0.954 0.941 

Distance (m) 00 400 600 730 1150 2270 
Voltage deviations (pu) 0.021 0.066 0.071 0.066 0.05 0.041 

 

 

In the IEEE 33-bus network, minimum voltages without distributed generation are around 0.903–

0.913 pu at node 18. With wind power injected at node N14, the minimum voltage rises to 0.941 pu at node 

N9, improving the overall voltage profile. Voltages at all nodes increase compared to the base case, and the 

minimum remains within acceptable standards. 

- Zone 3: 50% of load 

Figure 10 shows the voltage profiles in different nodes of the third zone (zone 3) for two load cases 

(50% and 100%) in presence of two WGs connected at node N14. 

 

 

 
 

Figure 10. Voltage profiles in the 3rd zone in presence of WGs connected at N14, and voltage deviations 

 

 

Contrary to a typical case without WGs, where the voltage drops gradually along a line, we observe 

a continuous and significant increase in voltage from N1 (0.994 pu) to N14 (1.079 pu). This increase is 

directly attributable to the injection of active power by the WGs at node N14. This injection reduces the 

power flow from the main source (at node N1), or even reverses it, creating a power flow towards the source. 

This induces a voltage drop of opposite sign along the line, which results in a voltage rise.  

The voltage at node N14 reaches 1.079 pu (+7.9% above nominal), potentially exceeding standard 

limits (e.g., EN 50160), highlighting the challenge of voltage rise at line ends during high wind production 

and low load. This fundamental change in grid dynamics moves the system from a traditional one-way power 

flow to a more complex active network. Voltages exceeding equipment insulation limits can lead to 

premature aging and failure of transformers, cables, and other assets. 

Table 11 shows the numerical results of voltages at the different nodes of the third zone, according 

to their distance to the feeder station, with a full load (50%). 
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Table 11. Numerical results of voltages at the nodes of the third zone with a 50% of load 
Nodes N1 N2 N11 N12 N13 N14 

Voltages (pu) 0.994 1.008 1.028 1.035 1.061 1.079 
Distance (m) 00 400 630 741 1259 1450 

Voltage deviations (pu) 0.023 0.061 0.081 0.092 0.126 0.147 

 

 

Table 11 highlights a shift in the IEEE 33-bus network: with WGs integrated, especially at line ends 

during low load, the classic challenge of boosting end-of-line voltage is replaced by the modern issue of 

controlling voltage profile. 

- Zone 3: 100% of load 

Table 12 shows the numerical results of voltages at the different nodes of the third zone, according 

to their distance to the feeder station, with a full load (100%). The integration of WGs at node N14 injects 

active and reactive power, locally raising the voltage to 1.023 pu, while the lowest voltage at N1 (0.987 pu) 

remains acceptable. Voltage variations along the line reflect power flow toward N1, with line losses reducing 

voltages farther from the injection point. The voltage profile is influenced more by load distribution and 

network topology than by distance alone. 

 

 

Table 12. Numerical results of voltages at the nodes of the third zone with a 100% of load 
Nodes N1 N2 N11 N12 N13 N14 

Voltages (pu) 0.987 0.99 0.998 1.001 1.011 1.023 

Distance (m) 00 400 630 741 1259 1450 
Voltage deviations (pu) 0.021 0.066 0.077 0.083 0.098 0.113 

 

 

In IEEE 33-bus system with radial distribution, voltage generally decreases from the source 

substation to the ends. In this study, wind power injection reverses this trend near node N14. The 33-bus IEEE 

often has voltages between 0.90 pu and 1.00 pu at nominal load without distributed generation. For the 

studied case, the results (0.987 to 1.023 pu) show an improvement due to wind power injection. In both 

cases, the insertion of WGs cause a local voltage rise, requiring control to avoid exceeding limits (1.05 pu). 

In this case, the results show all voltages close to or above 1.0 pu, indicating effective voltage support by the 

WGs. In the 33-bus IEEE system without distributed generation, end-of-line voltages are often below  

0.95 pu. 

We deduce that the insertion of WGs at node N14 has a beneficial effect on the voltage profile in the 

studied area, keeping all voltages within a healthy range. The comparison with the IEEE 33-bus model shows 

how distributed generation can reverse traditional voltage profiles, reducing losses and improving stability, 

but requiring careful management to avoid local overvoltages. Sensitivity analysis identifies the most 

unfavorable scenarios and assesses the robustness of the grid, providing valuable information for the design 

of compensation measures, congestion management and the secure integration of renewable energies. 

Tables 13-16 present the parameters used in the simulation, including the HV/LV transformer 

parameters, electrical grid line parameters, low-voltage network load parameters, and wind turbine generator 

parameters. 

 

 

Table 13. Transformer HV/LV parameters 
Parameters Values 

Nominal power (S) 160 kVA 
Magnetisation resistance (Rm) 3750 Ω 
Magnetisation inductance (Lm) 11937 H 
Primary winding Primary voltage (V1) 20 kV 
 Resistance (R1) 110.25 Ω 

 Inductance (L1) 0.889 H 
Secondary winding Secondary voltage (V2) 0.4 kV 

 Resistance (R2) 0.001 Ω 

 Inductance (L2) 0.003 mH 

 

 

Table 14. Electrical grid line parameters 
Parameters Values Parameters Values 

r1 (Ohms/km) 0.01273 r0 (Ohms/km) 0.3864 

l1 (mH/km) 0.9337 l0 (mH/km) 4.1264 

c1 (μF/km) 0.01274 c0 (μF/km) 0.007751 
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Table 15. Low-voltage network load parameters 
Load 

Nodes P(kW) Q(kVar) Nodes P(kW) Q(kVar) Nodes P(kW) Q(kVar) Nodes P(kW) Q(kVar) 

N3 47 17.5 N6 4.9 1.8 N9 1.1 0.2 N12 4.2 1.6 

N4 6.3 2.3 N7 1.3 0.5 N10 7 2.6 N13 7.2 2.7 

N5 2.2 0.8 N8 1.2 0.4 N11 7.3 2.7 N14 6.3 2.3 

 

 

Table 16. Parameters of wind turbine energy generators 
Parameters Values Parameters Values Parameters Values 

Apparent power (S) 120VA Statoric reactance (Xa) 0.0101pu Homopolar reactance (xh) 1 

Nominal voltage (Vn) 208V Resistance of D-axis damper (rD) 0.012pu Leak resistance (rL) 0.1983pu 
Maximal current (Im) 0.33A Reactance of D-axis damper (xD) 0.669pu Leak reactance (x’’d) 0.0295pu 

Frequency (f) 50Hz Resistance of Q-axis damper (rQ) 0.0073pu Mutual reactance at axis d (Xd) 0.350pu 

Rotation speed (N) 120rpm Reactance of Q-axis damper (xQ) 0.1352pu Mutual reactance at axis q (Xq) 0.3417pu 
Statoric resistance (ra) 0.0198pu Homopolar resistance (rh) 1 Kany reactance (Xkf1) -0.0081pu 

 

 

4. CONCLUSION 

This work focuses on assessing the overvoltage impact caused by the integration of WGs into 

electricity grids. This assessment shows that overvoltage mainly manifests themselves in the form of 

temporary and sustained increases in voltage, particularly during periods of high wind and low consumption, 

which put the grid in a critical state. Two scenarios have been presented, simulated and discussed; they can 

serve as proof of concept for a section of a more complex network. The first scenario without WGs serves as 

a good reference for evaluating the improvement brought about by the integration of decentralized 

generation. Second scenario with integration of WGs has been detailed, improves voltage profile in some 

nodes, but requiring careful management to avoid local voltage rises, which can lead to premature aging and 

failure of transformers, cables, and other assets. Compared to IEEE 33-node without DG, the studied case 

shows significantly better voltages, so the WGs plays a positive role, but this is not sufficient to completely 

eliminate the voltage drop at the end of the line. 

The comparison with IEEE 33-bus system highlights the profound impact of decentralized RE on 

the dynamics of electricity grids, which requires new control, reactive power compensation, protection and 

planning strategies. Controlling the impact of electrical surges is therefore a technical and economic 

challenge for the large-scale deployment of wind energy, requiring appropriate protection and a detailed 

study of electrical compatibility with the grid. 
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