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Abstract— In the modern electrical distribution system, Distribution Generation (DG) playing a key role for meeting 

the increased demand as well as to cope-up the likelihood power cuts. Various DG technologies such as solar, wind 

sources integration is increasing day-by-day and consequently their intermittent natured electrical output power is also 

creating potential issues to the network operators. In order to maintain acceptable range of voltage profile across the 

network, the volt/var controls are required to adjust optimally. This paper presents a simultaneous approach for 

optimal settings of tap-changer and capacitor banks at sub-station using Time Varying Acceleration Coefficient 

(TVAC-PSO) algorithm. The objective function is formulated with minimization of active power loss and average 

voltage deviation index by considering both load growth and DG penetration uncertainty. The simulation results on 

standard 85-node radial distribution system are validating the proposed approach for real-time application. 

Keywords —Distribution generation, volt/var controls, loss minimization, voltage control, TVAC-PSO algorithm. 

I. INTRODUCTION 

The electric power generation sources in different form 

placed near to the load centres and integrated directly to the 

distribution networks are termed as Distributed Generation 

(DG). Since there are wide ranges of applications for DGs, 

in most developed countries decentralization of power 

system suggest that DG will have a large share of power 

generation in the future. But research and developments are 

required more to overcome the barriers that are currently 

faced by the DG systems. Some of the goals to be 

accomplished by the DG systems are lower capital costs, 

lower emissions and higher efficiency. Several new 

technologies are being developed and promoted for DG. 

They range in capacities from a few kilowatts to 100 MW 

and include micro turbines, fuel cells, photovoltaic systems, 

wind energy systems, diesel engines, gas turbines and 

battery storage.  

On the other side, the Radial Distribution Systems (RDS) 

have been suffering with low voltage profile at the tail–end 

nodes which need to regulate within the acceptable limits 

for secure and reliable operation. Since the voltage drop due 

to reactive power (volt–ampere–reactive, var) transfer over 

the network is predominate in nature than active power 

(watt) transfer, the local var compensation is essential to 

improve the voltage profile across the network. In addition, 

the supplementary benefits like power factor improvement, 

loss reduction, efficiency, low conductor size, lessen the 

burden on braches, loadability improvement and economic 

benefits etc., are highly dependent on proposer var 

compensation at appropriate locations. Hence, the DG 

integration can reduce burden on the feeder by and/or real 

power injection and reactive power injection/withdrawal 

from the feeder. In the literature, various researchers have 

focused on this problem.  A comprehensive literature survey 

on DG location, sizing can be found in [1].   

II. METHODS FOR FEEDER VOLTAGE 

REGULATION 

Most of the EDS are radial in configuration and voltage 

drop along the feeder is inevitable and can be high at end 

node(s). The major objective of Volt/VAr controls in EDS 

is to regulate the utilization voltage for not to exceed the 

upper limit at light-loading where as not to below the lower 

limit at peak-loading. In practice, various methods and 

technologies have been taken place for effective Volt/VAr 

controls. These methods can differ for network to network 

but the objectives are remains same across the network(s). 

Basically there are two successful methods employed for 

Volt/VAr controls in EDS namely (i) On-Load Tap-

Changing Transformer (OLTC) at substation, (ii) Switched 

Capacitor (SC) at high reactive load consumers. Apart from 
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these methods, VAr support by the solar PV systems’ 

inverter is become an interesting subject for the modern 

power system engineers. Also, network reconfiguration is 

another mode of smoothening out the peak demands on 

feeder which can cause for high reliable operation by 

having improved voltage profile as well as minimum loss in 

the network. In [2], the literature on various means of 

Volt/VAr controls is given comprehensively.   

A. On-Load Tap-Changing Transformer  

Basically, Tap-Changing Transformer can operate either 

with load or without load. As per the load connectivity, it 

can be treated as On-Load Tap-Changing Transformer 

(OLTC) which can alter the taps on primary/secondary 

circuit without interrupting the connected load. Similarly, 

the other mode of tap-changer is No-Load Tap-Changing 

Transformer (NLTC) which must be de-energized the 

connected load before the adjustment of turns. Most of the 

substations equip only with power transformers like OLTC 

to maintain uninterrupted supply to the customers. Since the 

distribution side, the transformers meant for step-down the 

voltage level with high current at secondary side and hence 

the taps mainly provided on primary side to avoid severe 

arcing at the time of altering the tap position. Currently, the 

feeders are experiencing voltage fluctuation due to the 

presence of various types of Distributed Generation (DG) 

systems with intermittent in nature and raised the need of 

fast acting OLTC controls. In literature, coordinated voltage 

controls with OLTC to mitigate DG effects on feeder 

voltage are addressed [3-5]. 

B. Switched – Capacitor 

Basically the feeder, distribution transformers and the 

majority of the electrical loads are characterized by 

inductive in nature and cause for VAr consumption. The 

consequences associated with high VAr consumption are 

like low power factor, high current, more voltage drop and 

more losses etc. can be encountered by providing local VAr 

support. Switched-Capacitors (SC) are commonly used in 

electrical distribution systems for VAr support towards 

distribution loss reduction, voltage profile control, and 

system capacity release. All these targeted benefits will 

depend on various parameters like location, number, size, 

fixed/switched type and scheme of control etc. Many 

researchers have focused on all these points improve 

network performance [6, 7]. 

C. Solar PV Inverters’ VAr Support 

Traditionally, the grid-tied solar PV inverters are 

designed to inject active power at unity power factor in to 

the Point of Common Coupling (PCC). But in recent years, 

the independent power producers are capable to either 

provide or absorb VAr to and from the grid by using smart 

three-phase inverters [8]. Over 95% of the time, the grid-

tied inverters are operating below their rated output current 

while converting solar DC power to AC power to the grid. 

The unused capacity of the inverters can be put for VAr 

generation in to the grid [9]. On the other side, during high 

active power generation, it can possible to absorb VAr from 

the grid. In this way, the PV inverters are capable to 

mitigate frequency deviations by injecting active power and 

voltage regulation by controlling the VAr in the network 

[10-12]. 

III. DG TYPES AND MODELING 

Based on active power controlling capability, these 

sources can be classified as dispatchable or non–

dispatchable. Small hydro power plants and biomass–based 

gas turbines are the examples of dispatchable where the 

active power is controllable by adjusting their input fuel 

consumption where as solar and wind generation sources 

which are non–controllable are the examples for non–

dispatchable since their output is dependent on 

meteorological conditions.  

Type–1: Photovoltaic, micro turbines and fuel cells which 

are incorporated to main grid with the help of 

converters/inverters are good examples of this model. In 

this model, the real power load at bus–i will be reduced by 

an amount equal to DG real power output with unity power 

factor and is given by: 

, , ,di new di base DG iP P P                                             (1) 

Type–2: Synchronous compensators such as gas turbines 

and capacitors are the examples for this type of modeling. 

In this model, the reactive power load at bus–i will be 

reduced by an amount equal to DG reactive power output 

with zero power factor and is given by: 

, , ,di new di base DG iQ Q Q 
                                   (2) 

Type–3: Synchronous generators or wind farm is the 

example for this type of modeling. The power factor lies 

between 0 and 1. In this model, the active power will be 

reduced by an amount equal to DG active power and 

reactive power will be either increment/decrement by an 

amount equal to DG reactive power load at bus–i and is 

given by: 

   , , , , , ,di new di new di base DG i di base DG iP jQ P P j Q Q            (3) 

As per the above three models, the DGs will decrease either 

active or reactive or both and causes to decrease net loading 

effect on the feeder [13]. The decreased load has to balance 

and usually it may happen at slack bus in load flow studies. 

By the redistribution of power flows with reduced load, the 

net voltage profile, transmission loss and security margin 

can improve significantly. 



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-04, Issue-08, Nov 2018 

419 | IJREAMV04I08044048                        DOI : 10.18231/2454-9150.2018.1115                      © 2018, IJREAM All Rights Reserved. 

 

As per the above three models, the DGs will decrease either 

active or reactive or both and causes to decrease net loading 

effect on the feeder [13]. The decreased load has to balance 

and usually it may happen at slack bus in load flow studies. 

By the redistribution of power flows with reduced load, the 

net voltage profile, transmission loss and security margin 

can improve significantly. 

IV. VOLTAGE DEPENDENT TIME VARYING 

LOAD MODELING  

Generally, the active and reactive power demands are 

assumed as constant irrespective of its associated bus 

voltage magnitude in conventional load flow studies. But 

the operational characteristics of different types of loads are 

differ and are highly dependent on voltage and frequency 

variations in the network. On the other side, the nature of 

load characteristics and corresponding effective loading can 

cause for different load flow solution and convergence 

ability [14]. In view of voltage variation w.r.t. time, the 

voltage dependent load modeling can be considered as 

follows [15]. 

    ( )0 i tDi t Di
P P V    and      ( )0 i tDi t Di

Q Q V                        (4) 

where  0Di
P  and  0Di

Q  are the nominal active and reactive 

power loads at bus-i respectively; 
( )i tV  ,  Di t

P
 
and  0Di

Q  

are the voltage, effective active and reactive loading at bus-i 

at time (t) respectively; ,   are the active and reactive 

load voltage exponents and are taken for different types of 

loads from [16, 17]. 

V. ASSESSMENT OF OPTIMAL DG 

PENETRATION LEVEL 

Since the uncertainty of DG penetration can cause to 

either increase or decrease the feeder voltage significantly, 

it is required to regulate the feeder voltage within the 

acceptable range as well as to minimize total real power 

losses in the network. The proposed methodology is capable 

to regulate the feeder voltage suitably for any loading 

conditions by limiting the DG sizes irrespective of locations 

and type by satisfying the following objective function. 

21
min

b

s i br br

n brb

V V I R
n

   
   

   
 

                  

(5) 

where sV and iV are the sub-station bus voltage and bus-i 

voltage respectively; brI  and brR are the branch current 

and resistance respectively; nb and br are the number of 

buses and number of branches respectively. 

The particle swarm optimization algorithms and their 

applications in power system optimization studies are well 

addressed in the comprehensive literature survey in [18]. 

From the introduction, it has various improvements and 

advancements towards global optima by avoiding local 

optima. Among those modified PSO algorithms, Improved 

PSO (IPSO) [19] and Time Varying Acceleration 

Coefficient (TVAC-PSO) [20] are adopted to solve the 

multi-objective non-linear problem of DG optimal location 

and sizing. The objective function is optimized using 

TVAC-PSO, which works based on the following position 

and velocity equations: 

1 1k k k

i i iX X V                                (6) 

 1

1 1 ,. .k k k k k k

i i lbest i iV V c rand P X        

         2 2 ,.k k k

gbest i ic rand P X            (7) 

max min
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max

k k
k

 
 

 
   

 
            (8)

 

,max ,min

,max

max

k i i

i i

c c
c c k

k

 
   

 
 

1,2i                   (9) 

According to [21], the best parameters are: max 0.4  , 

min 0.9  ; towards local best: 
1,min 2c  , 

1,max 0.4c  ; 

and towards global best: 
1,min 0.4c  , 

1,max 2c  . The 

generalized procedure is given here. 

Algorithm  

St 1)  Read system data and run base case load flow and 

find the voltage stability of the system and total real 

power losses. 

St 2)  Rank the buses as per voltage stability index and 

identify most suitable locations for DG integration 

based on normalized voltage profile. 

St 3)  Modify the loads as per different types of load 

modeling  

St 4)  Define PSO variables as No. of particles (NP) = 50; 

No. of variables (Size) = 2 (bus voltages v  and SVC 

reactive power q ; Inertial weight (w) = 0.9; Specify 

velocity min and max range 
min

min

min

0.5

0.5

v
V

q

  
  

  
 and 

max

max

max

0.5

0.5

v
V

q

 
  

 
 

St 5)  Here the voltage magnitudes of all buses as [0.9 p.u 

to 1.1 p.u], [0 MW to + ,d iP ] for Type-1 DG units, [0 
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MVAr to +
,d iQ ] for Type-2 DG units and [0 MVA 

to +
,d iS ] for Type-3 DG units. 

St 6)  Find initial velocity using  min max minV V U V V    

for NP times. 

St 7)  Find initial solution  0

min max minv v U v v    and 

 0

min max minq q U q q    

St 8)  Update all equations in section 3 with initial solution 

obtained at step 6. 

St 9)  Repeat step (7) for NP times and at each time, finds 

bestP  and 
bestG  values of v  and q  which gives 

minimum losses. 

St 10)  Set No. of iteration (IT) = 50 and 0.5    

St 11)  Compute 

min max

max

min max

v v

V
q q





 
 
 

 
  

 and  

St 12)  Update the velocity and variables. Repeat step (6) to 

step (10) for IT times and update at each iteration 

bestP  and 
bestG . Stop after reaching the convergence 

criterion. Here we have taken IT as convergence 

criterion. 

St 13)  Print the load flow solution with optimal ratings and 

determined new Voltage Stability Indices for all 

buses. 

VI. SIMULATION RESULTS 

The simulation results on standard 85-node radial 

distribution system [22] are presented as three cases (i) load 

uncertainty, (ii) DG penetration uncertainty, and (iii) load 

and DG penetration uncertainties.   

A. Without Volt/VAr Controls 

The base case system has a total of 2.5703 MW real and 

2.6222 MVAr reactive loads. By performing load flow with 

sub-station voltage as 1.00 p.u, it suffering with 316.0698 

kW real and 198.5720 kVAr reactive power losses 

respectively. As given section 4, the load at each bus in the 

system is modified for composite load. We consider the DG 

installations at the locations which has Norm (V) = 

{abs(V)/0.95} < 1 (i.e., buses 6 to 15 and 24 to 85) with a 

capacity of 75% of load at that bus. The resultant load of 

2.732 MW real and 2.787 MVAr reactive load resulted for 

307.774 kW real and 193.879 kVAr reactive power losses 

respectively. Before optimized Volt/VAr controls, the 

percentage of load growth and its impact on system 

performance with 0% DG penetration uncertainty is given 

including minimum voltage in the system and corresponding 

AVDI at each case are given in Table 1. The results 

indicating the increment in loss as well as decreasing 

voltage profile as load growth increasing on the system. The 

voltage profile of each case is illustrated in Figure 1.  

Table 1: Before optimized Volt/VAr controls, impact of load growth 

(Pd) on system performance with 0% DG penetration uncertainty 

% Pd 
Pd  

(kW) 

Ploss 

(kW) 

Vs 

(p.u) 

Vmin 

(p.u) 

AVDI 

(p.u) 

0 2731.666 307.774 1.0000 0.8748 0.0093 

10 3751.475 729.559 1.0000 0.8049 0.0223 

20 4092.518 908.031 1.0000 0.7819 0.0279 

30 4433.562 1118.623 1.0000 0.7574 0.0344 

40 4774.605 1369.501 1.0000 0.7310 0.0422 

50 5115.648 1669.824 1.0000 0.7022 0.0515 
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Fig. 1. Voltage profile w.r.t. load growth with 0% DG penetration 

uncertainty 

Similarly, the results for uncertainty in DG penetration 

alone are given in Table 2. Here, uncertainty means % of 

less output power by DG units. As uncertainty increases, the 

loading effect on the system is increases and 

correspondingly increased losses as well as decreased 

voltage profile as given in Figure 2 can be understood 

respectively.  

Table 2: Before optimized Volt/VAr controls, impact of DG 

penetration uncertainty (Pdg) on system performance with 0% load 

growth 

% Pdg 
Pd 

(kW) 

Ploss 

(kW) 

Vs 

(p.u) 

Vmin 

(p.u) 

AVDI 

(p.u) 

0 1713.517 80.472 1.0000 0.9387 0.0023 

10 2324.406 194.728 1.0000 0.9014 0.0058 

20 2595.913 266.440 1.0000 0.8838 0.0080 

30 2867.419 353.029 1.0000 0.8655 0.0107 

40 3138.926 456.347 1.0000 0.8465 0.0139 

50 3410.432 578.635 1.0000 0.8265 0.0177 
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Fig. 2. Voltage profile w.r.t. DG penetration uncertainty with 0% 

load growth 
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On the other side, by having a simultaneous load growth 

and DG uncertainty results are given in Table 3. Due to DG 

uncertainty, the loading effect is further increased on the 

system and consequently increased losses as well as 

decreased voltage profile as given in Figure 3 can be 

understood respectively.         

Table 3: Before optimized Volt/VAr controls, impact of load growth 

and DG penetration uncertainty simultaneously on system 

performance  

% Pd & 

%Pdg  

Pd 

(kW) 

Ploss 

(kW) 

Vs 

(p.u) 

Vmin 

(p.u) 

AVDI 

(p.u) 

0 1713.517 80.472 1.0000 0.9387 0.0023 

10 2556.847 240.076 1.0000 0.8904 0.0072 

20 3115.095 402.314 1.0000 0.8569 0.0121 

30 3727.645 653.022 1.0000 0.8164 0.0199 

40 4394.496 1042.358 1.0000 0.7665 0.0319 

50 5115.648 1670.000 1.0000 0.7022 0.0515 
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Fig. 3. Voltage profile w.r.t. load growth and DG penetration 

uncertainty simultaneously 

 

B. With Optimized Volt/VAr Controls 

By having tap-changer range from 0.9 p.u to 1.1 p.u and 

reactive power compensation at each node by a capacitor 

bank up to 75% of its corresponding reactive loading, the 

sub-station voltage and VAr compensation are optimized 

for all three cases. As given in Table 1, as load growth is 

increasing, losses are increased but by having optimal 

Volt/VAr controls, the losses are decreased as given in 

Table 4 as well as expressed in percentage in Figure 7. In 

addition, the improved voltage profile in Figure 4 as 

compared Figure 1 and minimized AVDI can also 

observable.   

The similar scenario is observed for case (ii) and case (iii) 

as given in Table 5 and Table 6 and Figure 5 and Figure 6 

respectively.  The comprehensive results in terms of 

percentage of VAr compensation and corresponding 

minimized real power losses are Figure 7 and Figure 8 

respectively.  Figure 8 is also give the understanding on 

system performance in terms of losses before and after 

having optimized Volt/VAr controls in the system.   

 

Table 4: After optimized Volt/VAr controls, impact of load growth on 

system performance with 0% DG penetration uncertainty 

% Pd 
Pd 

(kW) 

Ploss 

(kW) 

Vs 

(p.u) 

Vmin 

(p.u) 

AVDI 

(p.u) 

0 2731.666 134.652 1.0190 0.9406 0.0018 

10 3751.475 296.751 1.0240 0.9058 0.0045 

20 4092.518 372.684 1.0250 0.8886 0.0064 

30 4433.562 437.371 1.0350 0.8870 0.0064 

40 4774.605 698.145 1.0620 0.8651 0.0090 

50 5115.648 919.340 1.0930 0.8802 0.0068 
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Fig. 4. After optimized Volt/VAr controls, voltage profile w.r.t. load 

growth with 0% DG penetration uncertainty 

Table 5: After optimized Volt/VAr controls, impact of %Pdg on 

system performance with 0% load growth 

% Pdg 
Pd 

(kW) 

Ploss 

(kW) 

Vs 

(p.u) 

Vmin 

(p.u) 

AVDI 

(p.u) 

0 1713.517 40.452 1.0070 0.9636 0.0007 

10 2324.406 96.999 1.0280 0.9573 0.0009 

20 2595.913 134.057 1.0380 0.9536 0.0010 

30 2867.419 206.242 1.0570 0.9598 0.0008 

40 3138.926 252.551 1.0760 0.9589 0.0011 

50 3410.432 334.564 1.0760 0.9405 0.0018 
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Fig. 5. Voltage profile w.r.t. DG penetration uncertainty with 0% 

load growth 

Table 6: After optimized Volt/VAr controls, impact of %Pd and 

%Pdg simultaneously on system performance  

% Pd & 

%Pdg 

Pd 

(kW) 

Ploss 

(kW) 

Vs 

(p.u) 

Vmin 

(p.u) 

AVDI 

(p.u) 

0 1713.517 37.286 1.0250 0.9846 0.0001 

10 2556.847 105.988 1.0510 0.9786 0.0004 

20 3115.095 185.741 1.0550 0.9560 0.0009 

30 3727.645 297.023 1.0700 0.9432 0.0016 

40 4394.496 488.342 1.0890 0.9249 0.0028 

50 5115.648 855.228 1.0960 0.8789 0.0069 
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Fig. 6. After Volt/VAr controls, voltage profile w.r.t. load growth and 

DG penetration uncertainty simultaneously 
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Fig. 7. Percentage of VAr compensation with optimized Volt/VAr 

controls 
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Fig. 8. Percentage of loss minimization with optimized Volt/VAr 

controls 

 

VII. CONCLUSION 

This paper has addressed the need of optimal Volt/VAr 

controls in the current distribution system to moderate load 

growth and DG penetration uncertainties impact on voltage 

profile. By assuming distributed capacitor banks across the 

network and sub-station control by tap-changer, the 

optimization problem is solved for minimizing real power 

losses as well as AVDI. The multi-objective optimization 

problem is solved using TVAC-PSO algorithm and it has 

shown its suitability to solve non-linear, multi-objective and 

multi-constraint problem effectively. The simulation results 

on standard 85-node radial distribution system have shown 

the proposed approach for real-time applications. 
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