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* Correspondence: fandigha@fel.cvut.cz or fandi@ftz.czu.cz; Tel.: +42-022-435-3943

Received: 7 May 2018; Accepted: 28 May 2018; Published: 30 May 2018
����������
�������

Abstract: Distributed Generation (DG) has become an essential part of the smart grids due to the
widespread integration of renewable energy sources. Reactive power compensation is still one of
most important research topics in smart grids. DG units can be used for reactive power compensation
purposes, therefore we can improve the voltage profile and minimize power losses in order to
improve the power quality. In this paper two methods will be used to accomplish the mentioned
tasks; the first technique depends on the reactive power demand change of the proposed network
loads, whereas the second technique uses an algorithm to control DG units according to the measured
voltage values in the feeders to generate the needed reactive power. Both methods were applied to
different scenarios of DG unit positions and different reactive power values of loads. The chosen
DG unit is made up of a Type-4 wind farm which could be used as a general unit where it is able to
control reactive power generation in a wider range separately from active power. The simulation
results show that using these two methods, the voltage profile could be improved, power losses
reduced and the power factor increased according to the placement of DG units.

Keywords: distributed power generation; power quality; reactive power control; voltage control;
wind farm

1. Introduction

Distributed energy resources are becoming more and more common in present day
smart grid networks, especially renewable sources such as wind and solar power generators.
Distributed generation (DG) has a lot of advantages such as reduced investment costs, flexibility,
reliability, peak power shaving and clean power [1–8]. Integrating DG units into the smart grid,
however, causes the modern grid to encounter voltage control [9], power loss [10] and optimal
placement [11] issues. Concerning the voltage drop issue, the authors in [12] outlined different methods
of distributed and decentralized voltage control mentioning their advantages and shortcomings.
A local learning-based methodology used for voltage regulation which depends on machine learning
techniques has been thoroughly investigated in [13]. The authors in [14] used sensitivity theory for
voltage regulation by controlling the reactive power of the power system, whereas the authors in [15]

Energies 2018, 11, 1399; doi:10.3390/en11061399 www.mdpi.com/journal/energies

http://www.mdpi.com/journal/energies
http://www.mdpi.com
https://orcid.org/0000-0002-5488-6965
http://www.mdpi.com/1996-1073/11/6/1399?type=check_update&version=1
http://dx.doi.org/10.3390/en11061399
http://www.mdpi.com/journal/energies


Energies 2018, 11, 1399 2 of 17

utilized an approach based on remote terminal units (RTUs) at every DG unit for voltage control.
This is an algorithm based on decomposition of sensitivity matrixes utilized for voltage regulation.
This method is suitable for large meshed grids whereby each one is split into many smaller grids [16].
There is another technique for voltage regulation, which proves effective by controlling the reactive
power of a photovoltaic system according to the resistance/reactance ratio and topology of the power
system [17]. An alternating multiplier algorithm direction method has been used in [18] to establish
a decentralized distributed voltage control design structure. Other methodology for reducing rising
levels of voltage, which is caused by reactive power injection on the power grid, has been used in [19]
for distributed reactive power control. Some methods, such as was used in [20], studied how to
reduce power losses in DG networks. A multi-agent system is used for this purpose by controlling the
topology of the network and [21] investigating a fuzzy C-mean algorithm used to classify active and
reactive power values and DG profiles so as to get the representative centroids for genetic algorithm
optimization to achieve power loss reduction. Equally, a hybrid genetic algorithm is used to minimize
power losses in [10]. In the same vein, reactive power control methodology was utilized in [22] to
reduce power losses. Other proposed algorithms for voltage profile management and power losses
minimization is discussed in detail in [23]. A load flow analysis algorithm was utilized in a distribution
network and this algorithm has been applied to a network which suffered from voltage drop and
power losses; applying the methodology proposed in the scheme, the voltage level is found to have
improved from 0.89 p.u. to 0.95 p.u. and power losses were reduced by 47.43%. The effect of position
and optimal placement of DG units has been studied by many researchers as documented in [24];
different methods of optimal DG placement such as the use of a Kalman filter algorithm have been
studied [25] to find the suitable optimal size and location of DG units. Equally the authors in [26] did a
comparative analysis to find the optimal position of the synchronous condenser in an electrical grid,
so as to improve voltage stability and mitigate power losses. In the same vein, research indicating
the best possible position of wind farm in a distribution power system is presented in [27]. Note that
previous research did not study the effects of the high demand for reactive power which could be an
especially big problem and would affect the power quality seriously. Therefore, we will choose a real
radial distribution system. Then we will assume a gradual increase in reactive power and we will use a
DG unit to control voltage and power losses using two techniques in addition to choosing the optimal
place for the DG unit, and additionally investigating the changes of power factor in a distribution
network embedded with a wind farm DG unit.

In this paper, a Type-4 wind farm has been chosen as a general DG unit which is able to control
reactive power separately of active power [28–30]. The wind farm is connected to a distribution
network at different positions and thereafter reactive loads of the proposed network were gradually
increased. Two approaches were used to control the injected reactive power from the Type-4 wind
farm machine. The first approach is to generate reactive power according to the increase in the reactive
power of loads and the second approach is by developing an algorithm, which is dependent on the
voltage measured from the grid, in order to control the reactive power injected by the power electronics
interface. To further buttress the effectiveness of the proposed scheme, a comparative analysis of the
various results obtained was performed and thereafter discussed.

2. System Description

2.1. The Electrical Model and Scenarios

The following function will be used: f (∆V, ∆P) : Aka, Lkl , Dkd where we will find the relationship
between these parameters and (∆V, ∆P), so we will change the position of the DG unit and we will
use different line lengths and different loads. We can describe the electrical model as follows:

The general electrical system (E.S) supplies power to k distribution systems (D.Sk) and each
distribution system supplies different substation systems (S.Si). So we consider that we have a
distribution system (D.S1) which is connected to a substation system (S.S1) which in turn supplies
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n load. The chosen DG unit is a wind farm and this research concentrates on studying how we can
control the units to improve voltage profile and reduce power losses, using only the generated reactive
power, because we cannot control the generated active power in wind farms. We will discuss the
following scenarios which represent Aka:

1. Scenario A: The wind farm OFF
2. Scenario B: The wind farm is connected to the bus bar which supplies all transmission lines.
3. Scenario C: The wind farm is connected to the end of one line.
4. Scenario D: The wind farm is connected to the end of each transmission line.

The pictorial and schematic descriptions of the system are illustrated in Figures 1 and 2, respectively.
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2.2. Wind Farm Model

The wind farm used consists of a synchronous generator and a full-scale IGBT back-to-back
voltage source converter so that it can generate reactive power separately of active power and this
allows for easy control of the injected reactive power and voltage in a wide range. The active power
is a function of the wind speed. The relationship between reactive power and Qre f (which changes
between 0 and 1) is linear, where the generated reactive power is the nominal power after multiplying
it by the value of Qre f .

2.3. Mathematical Model

Considering a medium voltage MV substation system (S.S1) and its vector components:

SSS =
n

∑
i=1

SSLi (1)

ISS =
n

∑
i=1

ISLi (2)

Hence, for n lines that supply n loads from the MV substation, the set of transformer and load is
equal to total load. Thus, the total apparent power of each line is SSLi.

From Figure 2:
PSLi = ∆PLLi + PLTi

∆PLLi = PSLi − PLTi (3)

The power losses of the 3-phase line are given by:

∆P = 3IL
2·RL (4)

and the voltage drop of each phase is given by:

∆V = IL·ZL (5)

considering scenario A:
From (4), and Figure 2 the power losses of line i for scenario A will be:

∆PALLi = 3
(

I2
ASSi·RLLi

)
(6)

where:
ISLi = IASSi (7)

Similarly, from (5), and (7), and Figure 2:

∆VALLi = IASSi·ZLLi (8)

Considering scenario B:
By applying Kirchhoff’s current law we can find:

IBSSi = ISLi + IBWi (9)

Also, from (4) and (9), the power losses will be:

∆PBLLi = 3
(

I2
BSSi·RLLi

)
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∆PBLLi = 3RLLi

(
I2

SLi + I2
BWi + 2·ISLi·IBWi

)
(10)

Similarly, from (5) and (9), and Figure 2:

∆VBLLi = IBSSi·ZLLi

∆VBLLi = (ISLi + IBWi)·ZLLi (11)

Considering scenario C:
By applying Kirchhoff’s current law for the line 1:

ICSS1 = ICW1 = ICW − ISL1 (12)

Also, by applying Kirchhoff’s current law for the other lines:

ICSSi = ISLi + ICWi (13)

From (12) and (13), the power losses of all lines for scenario C is written as following:

∆PCLL1 = 3
(
(ICW − ISL1)

2·RLL1

)
∆PCLL1 = 3

(
I2

CSS1·RLL1

)
(14)

∆PCLLi = 3
(
(ISLi + ICWi)

2·RLLi

)
∆PCLLi = 3

(
I2

CSSi·RLLi

)
(15)

Similarly, from (5), (12) and (13), and Figure 2:

∆VCLL1 = ICSS1·ZLL1 (16)

∆VCLLi = ICSSi·ZLLi (17)

considering scenario D:
By applying Kirchhoff’s current law:

IDSSi = ISLi − IDWi (18)

From (4) and (18) the power losses of line i for scenario D is written as following:

∆PDLLi = 3
(
(ISLi − IDWi)

2·RLLi

)
∆PDLLi = 3

(
I2

DSSi·RLLi

)
(19)

Similarly, from (5) and (18), and Figure 2:

∆VDLLi = IDSSi·ZLLi (20)

3. Control Techniques

The general methodology is that we will control the angle between the voltage and current in the
chosen dispersed generation unit to generate the suitable reactive power which will reduce the power
losses and improve the voltage profile.
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3.1. According to the Changes of Reactive Power Demand

In this technique, the wind farm DG unit is used for compensation according to the increase in
reactive power demand by utilizing measured reactive power values. Increasing the reactive power of
loads must coincide with the increasing of the Qre f which will increase the generated reactive power
of the wind farm. The value of Qre f can be calculated by converting the increase in reactive power of
loads to relative value and using it as feedback for the wind turbine.

3.2. According to the Changes of Voltage Values

The algorithm used for this method depends on the sending and receiving voltage in addition to
the voltage drop for the transmission lines. To apply the algorithm, the following equation below is
used for all scenarios:

1. Voltage drop:

Positive voltage drop: implying that the sending voltage is higher than the receiving voltage.
The maximum allowable drop in voltage for MV transmission lines is limited to 10% of the sending
end bus voltage. Therefore:

If ∆Vallowed ≥ ∆V ≥ 0⇒

1 ≥ ∆V
∆Vallowed

≥ 0⇒

1 ≥ Valuei1 ≥ 0 (21)

Else ∆V > ∆Vallowed ⇒

Valuei1 > 1 (22)

When Valuei1 > 1, it implies that voltage drop exceeds the limits, so this value will increase the
total value by increasing the generated reactive power.

Negative voltage drop: implying that the sending voltage is lower than the receiving voltage.
Hence:

If ∆Vallowed ≥ |∆V| ≥ 0⇒

0 ≥ |∆V| − ∆Vallowed ≥ −∆Vallowed ⇒

0 ≤ ∆Vallowed − |∆V|
∆Vallowed

≤ 1

1 ≥ Valuei1 ≥ 0 (23)

Else |∆V| > ∆Vallowed ⇒

Valuei1 < 0 (24)

When Valuei1 < 0 it insinuates that, the voltage drop has exceeded its limits, but in reserve
position (that is receiving voltage is higher than sending voltage). These values which are got decrease
the total value measured, which further has a decreasing effect on the generated reactive power.

2. Sending voltage:

The changes in sending voltage should not exceed ±10%, therefore:

If 0.9Vsystem ≤ VSm ≤ 1.1Vsystem ⇒

−0.9Vsystem ≥ −VSm ≥ −1.1Vsystem ⇒

0.2Vsystem ≥ 1.1Vsystem −VSm ≥ 0⇒
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1 ≥
1.1Vsystem −VSm

0.2Vsystem
≥ 0⇒

1 ≥ Valuei2 ≥ 0 (25)

Else if VSm > 1.1Vsystem ⇒

Valuei2 < 0 (26)

When Valuei2 < 0 implying that the sending voltage is very high and exceeds the accepted limits,
this observed voltage value will cause a decrease in the total value, thereby bringing about a decrease
in the generated reactive power.

Else VSm < 0.9Vsystem ⇒

Valuei2 > 1 (27)

When Valuei2 > 1 indicating that the sending voltage is very low, this voltage value level will
cause an increase in the total value, which results in an increase in the generated reactive power.

3. Receiving voltage:

The changes in receiving voltages should not exceed ±10%, therefore:

If 0.9Vsystem ≤ VRm ≤ 1.1Vsystem ⇒

−0.9Vsystem ≥ −VRm ≥ −1.1Vsystem ⇒

0.2Vsystem ≥ 1.1Vsystem −VRm ≥ 0⇒

1 ≥
1.1Vsystem −VRm

0.2Vsystem
≥ 0⇒

1 ≥ Valuei3 ≥ 0 (28)

Else if VRm > 1.1Vsystem ⇒

Valuei3 < 0 (29)

When Valuei3 < 0 suggesting that the receiving voltage is very high and exceeds the expected
limits, this voltage value level which is got will lead to a decrease in the total value of voltage recorded,
and results in a decrease in the generated reactive power.

Else VRm < 0.9Vsystem ⇒

Valuei3 > 1 (30)

When Valuei3 > 1 it conveys the impression the impression that the receiving voltage is very low,
this obtained voltage value will give rise to an increase in the total value of voltage. Thereby increasing
the value of the generated reactive power.

4. Output value of the algorithm:

This value is Qre f which will cause the generation of suitable reactive power compensation for
the MV substation system.

Therefore: the output value of reactive power for each line is:

Qi =
(Valuei1 + Valuei2 + Valuei3)

3
(31)
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and the total value for all lines will be:

Qre f =
Q1 + Q2 + . . . + Qn

n
(32)

The algorithm shown in Figure 3 for 1 line and the algorithm for n lines is presented in Figure 4.Energies 2018, 11, x FOR PEER REVIEW  8 of 17 
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4. Case Study

This section discusses a typical scheme of the commercial electric power system. This is chosen
as a benchmark system against which to generate a simulation scheme of the commercial electric
power system. The network consists of a 90 MVA sub-transmission station connected with three 66 kV
power lines, each line supplies load via a 66/20 kV transformer. The length of each of the MV power
lines, L1, L2 and L3 are 50, 55 and 60 km, respectively. The benchmark electrical network is shown in
Figure 5.
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Figure 5. Scheme of the chosen commercial power system which consists of 3 lines with different wind
farm positions (Case A, B, C, and D) with the currents flow from the substation and wind farm.

Measurements of sending and receiving power (i.e., power losses) and voltage (i.e., voltage drops)
for line 1, 2 and 3, were taken in the normal case, this is shown in Table 1. The wind farm rated at
30 MW, 30/0.9 = 33.33 MVA. In creating cases A, B, C and D from scenarios A, B, C and D, respectively,
the reactive loads were increased from step 1 to step 5 as presented in Table 2. Qre f values for each step
of the first method are shown in Table 2, but for the second method, it changes according to different
factors. For cases B, C, and D the reactive power is produced according to Qre f . Note that before using
the algorithm (that is for the second method), the various cases were designated as cases B, C and D.
But after using the algorithm, it is then designated as cases B Reg., C Reg. and D Reg. respectively.

Table 1. Measured parameters of the benchmark commercial lines.

Line Ps (MW) Pr (MW) Qs (MVAR) Qr (MVAR) Vs (kV) Vr (kV) ∆P (MW)

1 16.89 16.45 7.11 6.41 64.67 61.38 0.44
2 16.78 16.26 7.08 6.33 64.67 61.09 0.52
3 16.66 16.09 7.02 6.27 64.67 60.87 0.57
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Table 2. Percentage of reactive and apparent power changes for both methods and Qre f values for the
first method.

Step QL% S% Qref (p.u.)

1 0% 0% 0
2 33% 3% 0.207
3 66% 7% 0.387
4 100% 12% 0.567
5 133% 17% 0.747

5. Results

In this research, a comparative analysis was used for comparing the results of the two methods
and for all the cases. Comparison of one line was done in order to specify the differences easily and
clearly. The chosen line is line 2 since it is a normal line and line 3 could have been chosen too whereas
we cannot choose line 1, since in case C line 2 is different from all other lines. Therefore, comparing
the following five parameters, which are (sending voltage deviation Vs%, receiving voltage deviation
Vr%, voltage drop ∆V%, power losses ∆P% and power factor) will help us to estimate the regulation
process. MATLAB Simulink (MathWorks, Natick, MA, USA) was used in the results analyzes.

5.1. Sending Voltage Deviation Vs%

Figure 6 is a graphical illustration of the sending voltage deviation as a percentage of the nominal
voltage of the S.S1 (66 kV) for all cases where case A is the worst case. It is obvious that connecting the
wind farm causes a decrease in voltage deviation for both methods but the second method is better
because it takes into account many parameters related to voltage values.
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5.2. Receiving Voltage Deviation Vr%

Figure 7 illustrates the receiving voltage deviation as a percentage of the nominal voltage of S.S1

(66 kV) for all cases where case A is the worst case. In a similar way to sending voltage deviation we
can find that connecting the wind farm improves the performance of both methods but the second
method is better. Also, we can find that case (D) and (D, Reg) are the best-cases where the wind farm
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acts as a compensator which means that its performance will be better when it is closer to the loads
where the current which flows through transmission lines decreases.Energies 2018, 11, x FOR PEER REVIEW  11 of 17 
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5.3. Voltage Drop ∆V%

Figure 8 illustrates the voltage drop as a percentage of the voltage drop of step 1 of case A
(3.585 kV) for all cases where cases (A), (B), (B, Reg), (C) and (C, Reg) are very similar to each other.
Cases (D) and (D, Reg) are the best-case scenarios, but case (D, Reg) is better than case (D) so we can
conclude that the DG unit can play a role in minimizing voltage drop only if it is close to the loads.
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5.4. Power Losses ∆P%

Figure 9, represents the power losses of line 2 as a percentage of the power losses of step 1 of case
A (0.509 MW) for all cases wherein a similar way as for voltage drop we can notice that cases (A), (B),
(B, Reg), (C) and (C, Reg) have close values of power losses when monitored. Also, we can find that
the DG unit as a compensator can reduce power losses only if it is close to the loads.
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Figure 9. Power losses of line 2 as a percentage of the normal power losses (step 1 of case A (0.509 MW))
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5.5. Power Factor

• For the first method: A fast decrease of receiving power factor for Case A and B is observed as
shown in Figure 10. It can equally be seen from the figure that the power factor observed in case C
is much worse than that of case A and B. The best situation observed is that of case D, the power
factor is stable and close values were obtained for all steps monitored.

• For the second method: As shown in Figure 10 it could be observed that case C is the worst
situation as compared to other cases. Case A and B have the same values between 0.75 and 0.92.
Equally, case D is the best scenario, owing to the fact that the power factor values observed are
between 0.84 and 0.99.
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5.6. General Comparison

A general comparison is needed to show the general performance of all scenarios before and after
using the algorithm. Therefore, Figure 11 shows the general values of all lines and wind speeds for
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Vs, Vr, ∆V and ∆P parameters for each case as a percentage of Case A. The following observations
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Figure 11. A general comparison of all Cases as a percentage deviation to the normal Case A for Vs, Vr,
∆V and ∆P parameters before and after using the algorithm.

1. (Case B/Case A)%: Power losses and voltage drop increased slightly by about 2%, whereas the
s% to 64%. Equally, the receiving voltage is observed to increase from 10% to 17%. In general,
the performance after using the algorithm is better than before using it.

2. (Case C/Case A)%: For power losses and voltage drop a decrease of between (−10% to −16%)
for power losses was observed and the voltage drop observed values is between (−14% to −18%),
and it is seen that the sending voltage significantly increases from (35% to 56%). Furthermore,
ending voltage increased significantly to values between 32% and 48% the receiving voltage
increases from (32% to 48%). In general, the performance after using the algorithm is far better
than before using it for sending and receiving voltage, but a worse scenario is experienced for
power losses and voltage drop.

3. (Case D/Case A)%: Power losses decrease from (−50% to −53%) and the voltage drop observed
was between (−36% to −47%). The sending voltage increases significantly from (38% to 53%).
Additionally, the receiving voltage increases from (37% to 48%). Overall, the performance after
using the algorithm is far better than before using it.

According to the results and function f (∆V, ∆P) : Aka, Lkl , Dkd the following points can
be deduced:

• Aka: The position of power injected onto the scheme plays the most vital role in improving voltage
profile, minimizing power losses and improving power factor, which according to the results
obtained from the scenario for case D is the best scenario for case C is very good and the scenario
for case B is good.

• Lkl : Increasing the loads’ power, especially that of reactive power, results in an increase of voltage
drop and power losses and a reduction in the power factor, in which the voltage drop is directly
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proportional to current and power losses, is the square of the current. Also, the length of the line
has an effect on the voltage drop and power losses and power factor. The voltage drop and power
losses are directly proportional to the length and resistance of the line, thus increasing the values
of loads causes a decrease in the power factor.

• Dkd: Utilization of the wind farm is dependent on the synchronous generator which generates
reactive power and a full-scale IGBT back-to-back voltage source converter, so that it can generate
reactive power independently of active power; also, it allows the control and the injection of
reactive power and voltage in a wide range of control and in an easy manner. According to the
results obtained so far, it is observed that the performance of the S.S1 is better after utilizing
the algorithm.

6. Conclusions

DG units can play an important role in improving voltage profiles, reducing power losses and
improving power quality in cases of increases in demand for reactive power but the following should
be noted:

• The position of the DG unit has a significant role in controlling the voltage and reduction of power
losses wherein the DG must be close to the loads which could require additional reactive power.

• The power value of the DG should be closer to the power value of the load because when a DG
unit is connected to one line (which supplies smaller load than the DG unit power) the high
demand for reactive power will result in problems on the line such as high voltage. Besides,
the voltage at the injection point will increase significantly especially when the generated active
power is high, such as high wind speed in the case of wind farms or high solar radiation when
considering solar farms

Using the proposed algorithm, which takes into account the sending and receiving voltages and
voltage drop of all lines, has proved to be very effective, since in some situations of such high reactive
power demand DG units could generate high reactive power regardless of the wind speed. In addition,
the generated active power is not controlled so it could cause high voltage values for one or more lines
but the proposed algorithm can deal with such situations. The algorithm proposed in this paper is
totally new and it has been tested in many voltage profile, power loss, and power factor issue scenarios.
This algorithm is very effective when a substation is supplied with different generation sources or
other renewable energy schemes, such as another wind farm or solar farm, owing to the fact that it
takes into account the sending and receiving voltage. The proposed algorithm can be used for different
DG units. The recommended future research entails development of the algorithm for transient events
(faulted states) in the system.
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Nomenclature

Symbol Meaning
Qre f Control value which will cause reactive power generation
f (∆V.∆P) Function of voltage drop and power losses
Aka Position of DG unit
Lkl Parameters of lines and loads
Dkd Compensation device
SSS Total apparent power from the substation system
ISS Total line current from the substation system
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i = 1, 2, 3, . . . , n Line or load number
n Number of lines
ISLi Current of line i from the substation system
ISL1 Current of line 1 from the substation system
SSLi Apparent power of line i from the substation system
PSLi Active power of line i from the substation system
∆PLLi Active power losses of line i
PLTi Active power of line i
IASSi, IBSSi, ICSSi and IDSSi Current of line i for scenario A, B, C and D respectively
∆PALLi, ∆PBLLi, ∆PCLLi and ∆PDLLi Power losses of line i for scenario A, B, C and D respectively
∆VALLi, ∆VBLLi, ∆VCLLi and ∆VDLLi Voltage drop of line i for scenario A, B, C and D respectively
∆P Power losses of the 3 phase line
IL Current in 1 phase line
RL Longitudinal resistance
ZL Longitudinal impedance
RLLi Longitudinal resistance of line i
RLL1 Longitudinal resistance of line 1
ZLLi Longitudinal impedance of line i
ZLL1 Longitudinal impedance of line 1
ICW Total current of wind farm for scenario C

IBWi, ICWi and IDWi
Constituent of the wind farm line current going through line I
for scenario B, C and D respectively

ICSS1 Current of line 1 for scenario C
ICW1 Constituent of the wind farm line current going through line 1
∆PCLL1 Power losses of line 1 for scenario C
∆VCLL1 Voltage drop of line 1 for scenario C
∆Vallowed Allowed voltage drop for the transmission line
∆V Measured voltage drop

Valuei1, Valuei2 and Valuei3
Generated value number 1, 2 and 3 respectively from the
algorithm for line i

Vsystem Nominal voltage of the MV substation system
VSm and VRm Measured value of sending and receiving voltage respectively

Vs and Vr
Measured value of sending and receiving voltage respectively
for the benchmark commercial network

Qi Generated value of line i
Q1, Q2, . . . . . . , Qn Generated value of line 1, 2, . . . . . . ., n respectively
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