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voltage and reactive power control is proposed. It is assumed that there is no communication 

link between the OLTC and the capacitors, a normal case in distribution system operation 

today. The results indicate that the proposed method decreases the number of OLTC 

operations, losses, and voltage fluctuations in distribution systems, with and without DG 

present. 
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I. INTRODUCTION 

Nowadays, the distributed generations are used as a source of power generations in 

network for improving production efficiency, using renewable sources, closing up 

production sources to consumption centers and reducing the distance between production 

and consumption and therefore deleting part of transition expenses, improving security 

and network stability,…has been highly important. The penetration of distributed 

generation in the world of electricity networks is quickly increasing [1-3]. The extensive 

studies have been done about controlling reactive power and voltage at conventional 

distribution systems [4, 5]. In most of the research, the aim was evaluating the application 

of reactive power controlling tools in distribution system such as capacitor, SVC and their 

placement. The main purpose of applying distributed generation, is providing required 

energy for consumers in the possible closest place to them that is , closing up production 

and consumption centers and reducing transition expenses, Also trying to use renewable 

energy ,technology compatible to the environment and improving the efficiency is the 

other purpose of applying these productions. The generators of distributed generation are 

various. The fashionable units of distributed production are combustion turbines, diesel 

generators, micro turbines, biomass energy, fuel cells and photovoltaic cell [6]. In This 

paper reactive power and voltage controlling in distribution systems with presence the 

synchronous machine based distributed generation (DG) has been considered. 

Coordination between distributed generations, switched on capacitors and OLTC for 

controlling reactive power, improving voltage profile boarding, reducing losses and 

improving conditions of network's productivity will be discussed. 
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II. VOLTAGE and REACTIVE POWER CONTROL in DISTRIBUTION SYSTEM 
 

The intention of voltage control in distribution system is keeping voltage range over the 

acceptable span in all buses. At first, the methods of controlling reactive power in 

distribution systems will be briefly reviewed. 
 

II.1 Voltage control with on-load Tap changer 

A transformer with a load tap changer (LTC) can adjust its voltage ratio with respect to the 

present or expected load, for compensating the voltage drop over the transformer and 

upstream lines. The representation of a transformer equipping an LTC and its equivalent 

diagram are shown in Fig. 1; where notation I, U, n and y indicate current, voltage, 

normalization of the transformers turn ratio and transformer admittance, respectively; and 

subscripts p and s indicate the primary and secondary sides of the transformer, 

respectively. 

This paper will only deal with the OLTC (i.e., the LTC where changing the tap position is 

possible when the power transformer is under load). The OLTC basic arrangement is 

shown in Fig. 2. The OLTC controller keeps the substation secondary Bus voltage 

U1constant within the range:  

 

  UBLB UUU  1          (1) 

where, 

DBsetLB U.UU 50          Lower boundary voltage; 

DBsetUB U.UU 50           Upper boundary voltage; 

setU                                Set point voltage; 

DBU                                     Dead band   
 

 

 
Fig. 1: LTC representation and its equivalent 

diagram 

Fig. 2:  Basic OLTC arrangement 

 

II.2 Reactive power control with shunt capacitors 

 

Shunt capacitors inject reactive power to the system according to 

 
2
crat,cC UQQ 

                                            (2) 

where, 

CQ        Reactive power injected by the capacitor in MVAR;  

rat,cQ     Rating of the capacitor in MVAR; 
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CU        Voltage in per unit (relative to the capacitor voltage rating)                 

The reactive power injected by the capacitor will compensate the reactive power demand 

and thereby boost the voltage, according to the following voltage drop ΔU approximation: 

 

2
21

U

XQRP
UUU


         (3) 

The 1U , 2U , R, X , P and Q are the sending , receiving, voltage, resistance, reactance, 

active power and reactive power,  respectively[1]. 

 

III. DG IMPACTS on VOLTAGE and REACTIVE POWER CONTROL 

 

As previously explained, the term of DG here refers to the synchronous machine-based 

DG. For a system with load and DG shown in Fig. 3, the voltage drop can be 

approximated as: 

 

2
21

U

)QQ(X)PP(R
UUU GLGL 

          (4)              

Which, it indicates that the presence of DG will increase the voltage at its connection 

point. This increase may cause the optimum set point values of the OLTC and capacitors 

to move. If the load in Fig. 3 is increased from 1,LP and 1,LQ to 2,LP  and 2,LQ , with constant 

the DG power, the voltage reduction from 12,U  to 22,U can be approximated as: 

 
12

11

22

22
2212

,

G,LG,L
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C,LG,L
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)QQ(X)PP(R

U

)QQ(X)PP(R
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                             (5) 

It can be seen above equation that the presence of the DG, decreases the voltage changing 

due to the load variation, when the DG power does not change [7], [11], [12]. 

 
Fig. 3: Single-line diagram of a simple two-bus system with DG 

 

IV. SUGGESTED VOLTAGE and REACTIVE POWER CONTROLLING METHOD 
 

Voltage and reactive power control involve proper coordination among the OLTC and all 

capacitors in the distribution system to obtain an optimum voltage profile and optimum 

reactive power flows in the system according to the objective function and operating 

constraints. Many researchers have addressed the problem of voltage and reactive power 

control in distribution systems. Recently, most of them focused on automated remote 

dispatch, either by using one-day-ahead daily dispatch schedules or real-time control [8]. 

The one-day-ahead daily dispatch schedule method defines the OLTC and capacitors 

dispatch schedules based on an optimization calculation for a one-day-ahead load forecast,      

[8, 9]. The main obstacle of the implementation of this method is its dependency on 

communication links and remote control to all capacitors. Real-time control requires an 

even higher level of distribution system automation. In this paper, the available OLTC and 

capacitors will be dispatched based on predetermined set point values of the OLTC and 

capacitors, without requiring communication links among equipment involved in the 

voltage and reactive power control. The optimum set point values are searched in such a 

way that, on a daily basis, the total losses can be minimized. By having proper 
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coordination among equipment involved in the voltage and reactive power control, the 

number of OLTC operation and voltage fluctuations in the system will also decrease, 

though these indices are not included in the optimization process. The losses considered 

here are the losses in the distribution system and the transformer losses. The load profile is 

developed with a 10-min interval between two subsequent stages. The operating 

constraints are allowed voltage variations, line thermal capacity, and transformer capacity 

constraints. Mathematically, the objective function can be expressed as: 

)P(MinJ
N

i
i,LOSS




1

                                                           (6) 

subject to 

maxi,kmin UUU          Buses                                          (7) 

rat,p,Li,p,L II                Lines                                            (8) 

rat,TXi,TX SS                                                                      (9)  

Where, 

i.LOSSP     Total system losses;     i,KU     Voltage at bus-k; 

 N          Number of stages in a day;     minU    Minimum allowed voltage (i.e., 0.94 p.u.); 

maxU       Maximum allowed voltage (i.e., 1.05 p.u.); 

i,p,LI       Current flowing on line-p;     rat,p,LI     Line thermal capacity of line-p; 

i,TXS       Apparent power flow on substation transformer;                     

rat,TXS     Substation transformer rating 

 

V. SIMULATION STUDIES 
 

In order to consider reactive power and voltage control in the presence of synchronous 

machine based distributed generation and evaluating the efficiency of suggested method, a 45 

buses test system (MV/LV), was considered as the understudying network and simulation 

studies was implemented over this system. The network will be studied in four modes. 

● mode1:  without distributed generation 

● mode2: with exploiting distributed generation in exploiting mode of unity power factor 

● mode3: with exploiting distribution generation in exploiting mode of constant power. 

● mode4: with exploiting distribution generation in a mode with constant voltage by 

consideration to the limitations of productive reactive power of generator. 

For implementation of simulation studies, Matlab software has been used. In this report, firstly 

the understudying network and its characteristic will be introduced then after introducing 

suppositions for parameters of problem; the results of implementing suggestive algorithm will 

be delivered. 

1-input the data 

2-network computation in different modes 

3-computation of objective functions (expenses) 

4-delivering results in the form of charts and graphs 

The provided software is a User Friendly program and connectors of Matlab user can simply 

make connection with it. Entering the information in this software is through M-files of Matlab 

or informational papers of MS EXCEL software. The second part of this software is network 

computations. With the notice to the general structure of distribution networks that is radius or 

compound radius, the power flow computing is done by Niyoton-Raphson algorithm. 

 

V.1 Primary hypothesis of problem 
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In order to implement simulation studies, one cycle of 24 hours simulation has been 

considered. Total feeder load in this cycle was measured and recorded through load recording 

device that installed at the beginning of feeder. In the study, the site of distributed generation 

according to predetermined amounts has been considered 1800 KVA. Distributed generation is 

generation unit based synchronous machine that have reactive power control. Fig.4 shows the 

curves of ability to reactive power generation of this machine.  

 

 
Fig.4: The curves of ability to produce reactive power of this machine. 

 

V.2 Under-studying system 

 

The test system for implementing project's suggested algorithm is a 45 buses network 

(MV/LV) with a distributed generators and transformers with OLTC. Single line diagram of 

this network is presented in Fig. 5 and its information of electrical parameters is given in Table 

I. 
 

 

Fig. 5: Single line diagram of 45 buses test system. 

 

V.3 Load profile 

 

In all modes, the network has been studied for a period of 24 hours. Load profile was measured 

and recorded by a load recording devices installed at the beginning of feeder. 

It is supposed that behaviors of whole load existed on understudying network is similar and 

follows one load profile. With considering the slow changing for loads, we set the sample time 
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of recording devices at 30 minutes and during in 30 minutes the load is supposed fixed. Fig. 6 

shows profile of load changes in 24 hours span according to percent of load peak. 

 

Table I: electrical parameters of sample 45 bus network 

 

Line n first bus end bus resistanse reactance active reactive capa

1 0 1 0 0 0 0 0

2 1 2 0.175 0.41 34.44 28.28 0

3 2 3 0.0003 0.0008 109.8 19.6 0

4 3 4 0.0003 0.0008 157.1 74.76 0

5 3 5 0.0003 0.0008 274.7 166.3 0

6 4 6 0.0018 0.0013 1109 535.9 750

7 5 7 0.169 0.399 20.16 8.4 0

8 7 8 0.0035 0.0083 277.2 129.4 0

9 7 9 0.0035 0.0083 99.68 43.68 0

10 9 10 0.0035 0.0083 48.16 16.24 0

11 9 11 0.0807 0.1918 95.2 84.28 0

12 11 12 0.0105 0.0243 105.8 161.8 0

13 12 13 0.0175 0.0416 231 115.5 0

14 12 14 0.0105 0.025 33.04 15.68 0

15 13 15 0.0105 0.025 277.2 150.2 0

16 15 16 0.0155 0.041 56 9.8 0

17 15 17 0.0243 0.0583 126 105.3 0

18 16 18 0.0674 0.179 277.2 76.23 0

19 16 19 0.0674 0.0655 651.4 309.5 500

20 17 20 0.0103 0.0275 157.9 49 0

21 18 21 0.0826 0.1186 244.2 221.8 250

22 19 22 0.156 0.2239 184.5 82.6 0

23 20 23 0.0731 0.054 1913 924 0

24 20 24 0.0052 0.0137 138 55.44 0

25 21 25 0.0275 0.039 195.4 82.6 0

26 21 26 0.0275 0.039 112.8 7.28 0

27 23 27 0.0365 0.0266 140.3 49.84 0

28 25 28 0.0914 0.0675 462 254.1 250

29 26 29 0.0414 0.1096 222.6 84 0

30 27 30 0.0365 0.0266 46.2 27.72 0

31 28 31 0.0275 0.0395 378.8 184.8 0

32 29 32 0.0275 0.055 2195 970.2 0

33 29 33 0.031 0.0822 226.5 27.44 0

34 30 34 0.38 0.282 168.3 85.96 0

35 33 35 0.0155 0.041 762.3 221.8 250

36 33 36 0.0205 0.0552 1733 839 0

37 34 37 0.0183 0.0013 2038 986.8 0

38 35 38 0.0052 0.0137 3308 1374 0

39 36 39 0.0052 0.0137 1379 600.6 750

40 39 40 0.0414 0.1103 2185 660.2 0

41 42 41 0.0155 0.0413 94.64 46.76 0

42 40 42 0.0205 0.055 217 157.4 0

43 41 43 0.0366 0.0269 720.7 351.1 500

44 41 44 0.0362 0.0965 219.5 276.4 250

45 42 45 0.0052 0.0137 277.8 23.24 0

        line para        load
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Fig. 6: profile of load changes in 24 hours 

 

VI. SIMULATION RESULTS 

 

In this section the simulation results of test system under different modes are presented.  

 

VI.1 simulation results without distributed generation and without capacitor 
 

In this mode the test system is simulated without installing DG and capacitors. The results of 

load flow computation are given in Table II and figures 7 to 10. 

 

Table II: The result of load flow computation in mode 1 

 
 

  
Fig.7: variations of active power losses in mode l Fig.8: variations of reactive power losses in mode1 

Daily Load Profile
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unit   

kWh

kVARh

kWh

kVARh

%

%

kW

kVAR

kW

kVAR

%

%

-

 Maximum  vltage

droup in peak
2.85

 Number of tap changer

operation
14

Peak loss

Percent daily active loss 5.66

 The average index for

voltage drop
2.42

peak load
active 42328

reactive 19098

Daily loss
active 43909

reactive 16771

active 2973

reactive 1136

Percent active loss 7.02

Parameter        Parameter  value

 Total

daily load

active 790680

reactive 356760
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Fig.9: Profile of maximum voltage drop (mode 1) Fig.10: profile of OLTC performance (mode 1) 
 

VI.2 Simulation results without distributed generation, with capacitor and without OLTC 

performance 

 

In this mode the test system is simulated without installing distributed generation and with 

installing capacitors. In this mode it is supposed that OLTC doesn't operate. The results of load 

flow computation are presented in Table III and figures 11 to 13.    
 

Table III: Load flow computation results in mode 2 

 
 

  
Fig.11:  24 hours profile of changes in active 

power losses (mode 2) 

Fig.12: 24 hours profile of changes in active power 

losses (mode 2) 
 

unit   

kWh

kVARh

kWh

kVARh

%

%

kW

kVAR

kW

kVAR

%

%

-

 Maximum  vltage

droup in peak
2.4

 Number of tap changer

operation
0

Peak loss

Percent daily active loss 5.1

 The average index for

voltage drop
2.6

peak load
active 42328

reactive 19098

Daily loss
active 25832

reactive 9400

active 2432

reactive 652

Percent active loss 5.32

Parameter        Parameter  value

 Total

daily load

active 790680

reactive 356760
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Fig. 13:  24 hours profile of maximum voltage drop (mode 2). 

 

VI.3 Simulation results with distributed generation in constant power generation mode 
 

In this mode the test system is simulated with installing distributed generation and capacitors. 

The synchronous machines of distributed generation sources have been considered with 

nominal capacity of 1500 KW. 

These machines are located on buses 35, 37, 40 each with one unit and on bus-38 with two 

units. In this mode it is supposed that each machines acts in constant power generation mode 

with Q=600KVAR and P=1200KW. Simulation results of this mode are presented in Table IV 

and figures 14 to 17. 

 

Table IV: Load flow computation results in mode 3 

 
 

  
Fig. 14: 24 hours profile of changes in active Fig. 15: 24 hours profile of changes in reactive 

unit   

kWh

kVARh

kWh

kVARh

%

%

kW

kVAR

kW

kVAR

%

%

-

 Maximum  vltage

droup in peak
2.2

 Number of tap changer

operation
13

Peak loss

Percent daily active loss 3.26

 The average index for

voltage drop
2.55

peak load
active 42328

reactive 19098

Daily loss
active 25793

reactive 9863

active 1876

reactive 718

Percent active loss 4.43

Parameter        Parameter  value

 Total

daily load

active 790680

reactive 356760



International Journal of Emerging trends in Engineering and Development                                                             

Issue 2, Vol.4 (May 2012)                                                                                                              ISSN 2249-6149 
 

 Page 731 
 

power losses (mode 3). power loses (mode 3). 

 
 

Fig. 16:  24 hours profile of maximum voltage 

drop (mode 3). 

Fig. 17: 24 hours profile of OLTC performance 

(mode 3). 
 

VI.4 Simulation results with distributed generation in constant power factor mode. 
 

In this mode DGs and all capacitors are installed at network. Also in this mode it is supposed 

each machines are operated in fixed power factor and generate P=1200 KW. Simulation results 

this mode are given in Table V and figures 18 to 21. 

 

Table V: Results of load flow computation in mode4 

 
 

  

Fig. 18:  24 hours profile of changes in active 

power losses (mode 4). 

Fig. 19:  24 hours profile of changes in reactive 

power losses (mode 4). 

unit   

kWh

kVARh

kWh

kVARh

%

%

kW

kVAR

kW

kVAR

%

%

-

 Maximum  vltage

droup in peak
2.42

 Number of tap changer

operation
11

Peak loss

Percent daily active loss 3.474

 The average index for

voltage drop
2.443

peak load
active 42328

reactive 19098

Daily loss
active 24472

reactive 10492

active 1994

reactive 764

Percent active loss 4.711

Parameter        Parameter  value

 Total

daily load

active 790680

reactive 356760
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Fig. 20:  24 hours profile of maximum voltage 

drop (mode IV). 

Fig. 21:  24 hours profile of OLTC performance 

(mode IV). 
 

VI.5 Simulation results with distributed generation in voltage control mode. 

 

In this mode, DGs and all capacitors are installed on network. In this mode each machines are 

operating in voltage control mode and generates P=1200 KW active power. According to this 

algorithm each machine controls it's bus voltage by changing the reactive power in rang      

Q=-750KVAR to Q=1200KVAR.The results of this mode are presented in Table VI and 

figures 22 to 26. 
 

Table VI: The result of network's load distribution with distributed generation in a mode 5 

 
 

 
 

Fig.22:  24 hours profile of changes in active 

power losses (mode 5). 

Fig.23: 24 hours profile of changes in reactive 

power losses (mode 5). 

unit   

kWh

kVARh

kWh

kVARh

%

%

kW

kVAR

kW

kVAR

%

%

-

 Maximum  vltage

droup in peak
0.945

 Number of tap changer

operation
4

Peak loss

Percent daily active loss 3.009

 The average index for

voltage drop
0.646

peak load
active 42328

reactive 19098

Daily loss
active 23795

reactive 9090

active 1761

reactive 673

Percent active loss 4.16

Parameter        Parameter  value

 Total

daily load

active 790680

reactive 356760
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Fig.24: 24 hours profile of maximum voltage drop 

(mode 5). 

Fig.25: 24 hours profile of OLTC performance 

(mode 5) 

 
Fig.26:  24 hours of changes in reactive power of distributed production units (mode 5). 

 

VII. CONCLUSION 

 

In this paper, voltage and reactive power control in a distribution system has been studied and 

evaluated. A proper coordination among an OLTC, capacitors, and synchronous machine-

based DG, without requiring communication among them, has been presented. Presented 

simulation results show that the proposed method decreases the losses, voltage fluctuation and 

the number of OLTC operations. The decrease in the number of OLTC operations is the most 

significant reduction. The DG evaluated in the case study is a synchronous machine based DG. 

However, the voltage and reactive power control presented in this paper is also applicable for 

distribution systems with a power electronics converter based DG operating at the same 

operating modes as the synchronous DG in this paper. The simulation results indicate that 

when there is no DG in the system, settings of OLTC and capacitors in such a way that the 

distribution system operates close to its maximum allowed voltage, the losses is minimized. 

However, the condition will change when DG is present in the system, as the feeder capacitors 

can be switched off when the reactive power demand is still considerably high, except when 

the DG operates at a constant voltage. It has been demonstrated that the power-flow reversal 

due to the DG will not interfere with the effectiveness of the OLTC operation. The presence of 

the DG, with dis-patchable power output, even decreases the voltage fluctuation and 

significantly decreases the number of OLTC operations in the system. Note that the significant 

reduction of the OLTC operations will only be obtained when the OLTC, capacitors, and DG 

are properly coordinated. Finally, it has been shown that when the available capacitors in the 

feeder are enough to compensate for the reactive power demand, the DG operation mode does 

not have a significant effect on the distribution system losses. But the number of OLTC 

operations and the voltage fluctuation in the system will be reduced significantly when the DG 

operates at a constant voltage. These significant reductions will benefit the distribution 

network operator and customers. 
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