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ABSTRACT 

The significant effects of climate change such as the change in monsoons and increase in 

sea level have made the engineers around the world to explore alternate source to fossil fuels. 

Unlike the other engineering innovations, this one stands out as the most important due to the 

threat facing the entire world, and makes it a necessity for future. There are many green and 

renewable energy sources that can be used to generate electricity and Solar PV (Photo Voltaic) 

technology is a prominent one. This is due to the abundance of the source – sun light that is 

available for free and the technical benefits the PV system provides. The problem arises when we 

try to implement this into the existing traditional power system that is run by a centralized power 

generator as the PV is generally placed in the customer end i.e. the distribution system as 

Distributed Generation (DG). One of the main problems in integration of PV DG is that its 

fluctuating nature makes it a challenge to maintain the system voltage within the standard limit 

and this may in turn affect the already existing voltage control equipment.    

This thesis discusses the issues related to the integration of PV into the Distribution System 

and to different mitigation techniques proposed in the literature. This work proposes a feeder level 

loss minimization control scheme that uses a possibilistic approach to control the DG output to 

achieve reactive power support and voltage rise mitigation. The proposed control scheme was 

tested on IEEE Standard bus system and the results are presented in the chapter 5.  
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

The awareness about the global warming and the significant threat of climate change has 

made the countries of the world come together and agree on the need for reducing the greenhouse 

gas emission by human activities [1]. This resulted in importance being given to the reduced use 

of coal and natural gas and an urge in the scientific world to increase the energy production from 

environment friendly resources. Solar and wind energy are the significant sources of green energy. 

The nature of these sources has made them favorite in leading the campaign towards reduced 

carbon dioxide emission and not only power companies but the common people also have shown 

great interest in generating power from these sources. Because of these reasons our power system 

has seen a sudden surge in the installation of the above-mentioned sources in the last decade. 

Unlike the traditional power plants these can be installed in small scale near the load points as 

Distributed Generation (DG) units [2]. DG technologies often consist of modular generators, and 

they offer a number of potential benefits. In many cases, distributed generators can provide lower-

cost electricity and higher power reliability and security with fewer environmental consequences 

than traditional power generators [3].  

The focus towards DG increased in the last decade and more interest has been shown by 

researchers and power engineers to find ways to implement DG using renewable energy sources 

as they are clean energy sources i.e. environment friendly. This further accelerated in 2013 when 

the Environment Protection Agency released its clean power plan which aimed at reducing 

greenhouse gas emission by decreasing the reliance on natural gas and coal and in turn 

supplementing it with renewable resources such as solar, wind and hydro. The possible 
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improvements which DG can bring to the system were studied by DOE [4] and the following were 

stated by them in their survey, 

• Increased system reliability  

• Availability of backup power source  

• Reduction of peak power requirement  

• Offsets to investments in generation, transmission, or distribution facilities  

• Provision of ancillary services, including reactive power 

• Improvements in power quality 

• Reductions in land-use effects and rights-of-way acquisition costs  

• Reduction in vulnerability to terrorism and improvements in infrastructure resilience.   

Though the benefits that a system can get from a DG is strictly subjected to the nature of 

its distribution network, load requirements and the type of DG being installed, the above benefits 

are more generalized observations. The efficient integration of DG to the traditional distribution 

network becomes crucial and it depends on how equipped the system is to interconnect the DG 

and still maintain the preliminary standards. Especially, sources such as solar and wind are very 

uncertain and their fluctuating nature can affect the system power quality when connected to the 

grid. These problems can be solved with advanced forecast techniques for both load and DG and 

having a Coordinated control between DGs and ancillary service equipment placed in the system. 

Also, the advancements in technologies such as Advanced Metering Infrastructures (AMI) and 

Intelligent Volt-Var Controllers (IVVC) will help improve the communication and control 

architecture of power system allowing two-way flow of information and control for efficient 

operation of the system. This work considered all these and proposes a possible control scheme 

for the DG in future distribution system.  
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1.2 Organization of Thesis 

This thesis consists of six chapters. Chapter 1 introduces the motivation of the thesis. 

Literature review on DG integration and different control schemes are discussed in Chapter 2. 

Proposed modeling is presented in Chapter 3 and Chapter 4 discusses the fuzzy optimization 

technique used. Numerical Analysis is done in Chapter 5 and Chapter 6 ends this thesis with the 

conclusion and future work.  
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Problems in implementing DG in Distribution Network 

Traditionally the distribution system has been designed to work for one-way power flow 

from the substation to the end user and centrally controlled from the substation. Other than that, 

protective equipment such as the relays, fuses, reclosers etc., were placed along the distribution 

network to make sure of the secure and reliable operation. But due to the default voltage drop that 

happens as shown in figure 1 due to the transmission losses and the reactive nature of the load, 

equipment such as remotely installed capacitor banks and under load tap changers are needed to 

provide ancillary services to improve the power quality and ensure ANSI standards.  

 

Figure 2.1:  Voltage drop in distribution network 

But with the deployment of DG especially PV DG the normal working of the system gets 

disturbed. Though it has several benefits, to accommodate them in the existing system without 

disturbing the normal operation requires advanced communication and control infrastructure. 

Ackermann et al. [5] put the DG integration issues into following categories:  
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• Change in fault current- due to the addition of new source the fault current in the network 

will increase that may affect the fault protection mechanism. This generally occurs if DG 

sources do not have an inverter, which may limit the current injected and this can be 

prevented with the PV DG as the inverters used abide by UL 1741 standard that accounts 

for preventing these problems [6]. 

 

Figure 2.2:  ANSI Standard C84.1 [7] 

• Affect local voltage level- if more DG sources are connected to a common node especially 

in case of renewables (wind and solar) the nodal voltage levels will be affected. This mainly 

happens in case of renewable sources such as solar and wind wherein the input is 

unpredictable and fluctuating and causes fluctuations in output voltage. This may affect the 
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functioning of already existing mitigation mechanisms such as tap changers by making 

them operate more often causing wear and tear [5]. Also, this is highly undesirable for load. 

The voltage rise occurs due to excess reactive power injection or the DG delivering more 

than demand known as over generation. The negative effects of over generation are well 

studied and documented by California ISO [8] which they represent in the form of “Duck 

chart”.  

• Communication Infrastructure- to know the operating range of the DG the demand should 

be known before hand or continuously monitored which requires communication and 

control equipment such as Supervisory Control And Data Acquisition (SCADA) system to 

detect and control the DG parameters according to the changing system requirements. Also, 

the IEEE standards 1547 and 2030 [9], [10], [11] that regulate the DG interoperability 

allow the reactive power injection from inverter based DG sources and more sanctions are 

going to be passed in this regard by the end of 2018 which might include DMS located at 

the feeder level being allowed to control the remotely placed DG units along the lateral 

branches.  

     

2.2 Different Control schemes proposed in literature 

The numerous benefits of DG and scope for innovation have resulted in a lot of study being 

done in this domain. The works available in the literature propose a wide range of solutions for 

DG integration problems, out of which the most common strategies would be the Optimal sizing 

and placing of DG and the coordinated control of DG from feeder level. In [12] the author uses 

the traditional power flow computation procedures to find the optimal size and power factor of DG 

at a bus that gives the lowest power loss. This work also proposes a loss minimization based 
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distribution optimal power flow for controlling the DG and provides an assessment of DG power 

factor impact on loss reduction. Ankur Mishra et al. [13] focused at comparing the different control 

modes of PV inverter suggested by earlier research studies such as PQ mode, Voltage control and 

voltage droop control modes for different operating conditions. The authors report that the losses 

further increased if during leading power factor operation of the inverter, the power factor is 

reduced to improve voltage regulation. Therefore, an optimum operating point should be found 

between voltage regulation and line losses. 

In [14] Ravindran et al. use Lumped load modeling of the system and find the control points 

for DG as a solution for constrained optimization problem to obtain minimum real power loss. 

This work gives a reactive power control strategy of DG based on the current injection to reduce 

the real power loss in the system. Like the work in [13] these authors also suggest leading power 

factor operation but went further ahead by suggesting operating between unity power factor and 

0.9 leading power factor. [15] compares various DG (mainly PV) reactive power control strategies 

given by the earlier research work and gives their effectiveness for voltage regulation and loss 

minimization. Uses a multi bus feeder with a DG at each node as the system model for the study. 

A new integrated voltage regulation strategy was proposed that combines an electronic tap 

changing capability for the distribution transformer with a local reactive power injection 

functionality at each feeder bus to reduce overall feeder losses. [16] gives an aggregator based 

control scheme for both loss minimization and voltage optimization using PV DG. This work uses 

optimal power flow on the distribution network and has loss minimization as the power flow 

schemes objective and puts the system parameters nominal operation as constraints to come up 

with optimal control point.  
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2.3 Scope of this work 

All the works mentioned above form the base for this thesis work, so this also assumes the 

presence of required communication and control infrastructure to perform feeder level monitoring, 

analysis, and dispatch of controls to the remotely placed DG units. The novelty of this work is that 

unlike the previous works mentioned, it overcomes the high reliance on continuous failure proof 

communication and control by using a possibilistic optimization approach to solve the DG output 

control problem to achieve real power loss reduction and Voltage rise/drop by providing ancillary 

service through DG. Chapters 3 and 4 of this report explain the model used for analysis and the 

possibilistic approach by fuzzy optimization in detail 
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CHAPTER 3 

PROPOSED MODELING  

Feeder level lumped modeling is considered for this thesis.  The goal of this work is to 

achieve optimal control of the DG sources by analyzing the system from the feeder level for 

maintaining the system parameters within the acceptable range. To perform that the distribution 

network, which is typically radially distributed as shown figure 3.1, is reduced into a lumped model 

wherein the DG sources and loads of each phase are separately modeled into an equivalent model 

as the distribution system is always unbalanced. The following steps show a single phase is 

represented as a lumped model.  

 Total Load = ∑  |Vi| ∗ |ILi| ∗ cosθi
n
i=1  (3.1) 

Vi − Voltage at ith node, ILi − Load current at ith node, θi − angle between Viand ILi  

 

Figure 3.1: Radial Distribution System 

Current from the Substation (IT) =  ∑|ILi|

n

i=1

 

𝑃𝑜𝑤𝑒𝑟 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 (𝑃𝐿𝑜𝑠𝑠) = ∑ 𝐼𝐿𝑖
2 ∗ 𝑅1 + ∑ 𝐼𝐿𝑖

2 ∗ 𝑅2

n

i=2

+ ∑ 𝐼𝐿𝑖
2 ∗ 𝑅3

n

i=3

+ ⋯ + 𝐼𝐿𝑛
2 ∗ 𝑅𝑛

n

i=1

 

(3.2) 
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Figure 3.2: Lumped equivalent model 

Since our objective is to reduce the power loss in the system our equivalent model should 

represent that. Therefore, 

 Ieq
2 Req = ∑ ILi

2 ∗ R1 + ∑ ILi
2 ∗ R2

n
i=2 + ∑ ILi

2 ∗ R3
n
i=3 + ⋯ + ILn

2 ∗ Rn
n
i=1  (3.3) 

 Ieq
2 =

∑ ILi
2 ∗R1+∑ ILi

2 ∗R2
n
i=2 +∑ ILi

2 ∗R3
n
i=3 +⋯+ILn

2 ∗Rn
n
i=1

Req
  (3.4) 

where, the equivalent resistance Req is calculated by fixing the distance between the 

substation and the lumped load. 

 

Figure 3.3: Conceptual control scheme from NREL-GE project at Duke Energy 
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In this work the lumped load is placed at the critical node which is the node that is farthest 

away from the main feeder and has higher penetration. This because the DG units that are remotely 

placed have more effect on the system [17]. The concept of this control scheme is currently being 

used by the researchers NREL in a Duke Energy and GE collaborative project [18] on improving 

feeder voltage by controlling the remotely placed DG units by establishing communication 

between PV DG’s inverter and Distribution Management Systems (DMS) as shown in figure 3.3. 

The DMS gets all the load and DG data in the system and does the analysis to come up with the 

optimal DG set points. In the centralized control approach, the DMS with all the data can choose 

the better solution but decreases the reliability of the system i.e. if the communication between 

DMS and DG inverter fails the control fails. Instead if the DMS does a 12-hour ahead planning 

based on forecast of DG and Load and dispatches the control setting ahead of time, this will reduce 

risk in case of communication failure. But in this case the forecast accuracy will be very crucial. 

With the advanced forecasting techniques and customer participation a better prediction can be 

made. 
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CHAPTER 4 

POSSIBILISTIC APPROACH 

4.1 Fuzzy Optimization 

Though the forecast accuracy can be improved it is never certain. To overcome this instead 

of using crisp values the DG and Load forecasts will be made into a possible range based on 

forecast and system characteristics and historic data. This will rule out the use of optimization 

techniques based on crisp values and probabilistic methods. For this kind of a problem wherein a 

possible range and desired output define the uncertainty and is not a single crisp value but weighted 

based on desirability over a range we can use possibilistic membership functions and perform 

fuzzy optimization [19]. 

  

Figure 4.1: Classical and Fuzzy set [20] 

Unlike the traditional optimization techniques fuzzy optimization doesn’t have rigid 

constraints. The constraints are relaxed and made into fuzzy membership functions. A membership 

function is a fuzzy set where the possible members of the set are given a value to define their 

membership status i.e. to what extent they are a part of a set. For example the temperature value 

considered cold and hot is not a crisp classical set, i.e., the temperatures cannot be defined with 

certainity to which set they belong low, medium or high. The human factor makes it fuzzy as it is 
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not certain to say a particular value as low or high as it varies from person to person. But we can 

conduct a survey and tell how a particular value of temperature is based on the percentage of people 

who consider it low or high. This value gives how much a x temperature belongs to the set low, 

medium or high. This is known as membership value and the function relating the memberships of 

different temperatures is called a membership function. Fuzzy optimization is done by converting 

the objective and constraint into a membership function and finding the intersection of those which 

will be the lower bound curve. Then the maximum or minimum point (based on whether we need 

to maximize or minimize the objective) on the  lower bound curve will be the optimal solution for 

the problem. 

 

Figure 4.2: Objective and Constraint membership function [21]  

For example consider an objective function, max(𝐺) = 10 − 𝑥. In this case you need G to 

be a high positive integer. But if we have a constraint on x that it should be close to 11, we cannot 

crisply define the constraint as an inequality. In such a case the membership functions can be created 

as shown in figure 4.2. The objective is made into a membership function (𝑚𝐺) by giving 
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membership values based on the desirablity of a particular value and represented with respect to x. 

because of which the membership value increases as x increases since it makes G a higher positive 

integer which is more desirable. Similarly the constraint is made into membership function (𝑚𝐶) 

as shown in figure 4.2.  

 

Figure 4.3: Intersection of membership functions [21]  

Then fuzzy optimization is done by finding the maximum of intersection of objective and 

constraint membership functions i.e. 𝑚𝑎𝑥(𝑚𝐺 ∩ 𝑚𝑐). This is shown in figure 4.3 and it can be seen 

that the intersection of the functions mean the lower bound curve between (𝑚𝐺) 𝑎𝑛𝑑 (𝑚𝑐) and the 

maximum point on that will give us the solution for x. Thus the possibilistic approach used for our 

feeder level power loss reduction can be summarised to following steps, 

➢ Getting forecast data as possible range 

➢ Objective and Constraint membership function in terms of control variable 

➢ Perform fuzzy optimization 
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4.2 Objective function 

min(𝑅𝑒𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 𝐿𝑜𝑠𝑠) = min(𝐼𝑇
2𝑅) 

= min(𝐼𝑒𝑞
2 ∗ 𝑅𝑒𝑞) 

= [(𝐼𝐿𝑟𝑒𝑎𝑙

2 − 𝐼𝐷𝐺𝑟𝑒𝑎𝑙

2 ) + (𝐼𝐿𝑟𝑒𝑎𝑐𝑡

2 − 𝐼𝐷𝐺𝑟𝑒𝑎𝑐𝑡

2 )] ∗ 𝑅𝑒𝑞  (4.1) 

The goal of the function is to perform Feeder level power loss minimization considering 

the DG using the lumped model. The control variables will be real and reactive 

components of DG current (𝐼𝐷𝐺𝑟𝑒𝑎𝑙
, 𝐼𝐷𝐺𝑟𝑒𝑎𝑐𝑡

)  and Load current (𝐼𝐷𝐺𝑟𝑒𝑎𝑙
, 𝐼𝐷𝐺𝑟𝑒𝑎𝑐𝑡

). The 

equivalent resistance 𝑅𝑒𝑞 is a constant for the model. 

4.3 Constraints 

The solution for the objective will look obvious that operating DG at maximum output will 

give the minimum loss. But it should be restricted by following constraints to make sure the voltage 

profile stays within ANSI standard limits. The following figure is used to illustrate the power 

injection to a generalized node. 

a. Voltage Limits 

 0.95 ≤ Vi
𝑝𝑢 ≤ 1.05    (4.2) 

According to ANSI standard the node voltage should be kept within ±6% of the nominal 

voltage which is represented as 0.95 to 1.05 per unit voltage. 
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b. DG Reactive Power Limit 

A part of the objective is to provide reactive power support with DG. But the DG owner 

in the current system is not paid for reactive power supply so the reactive power output of 

the DG should be restricted to a limit to avoid incurring loss. This can be done by limiting 

the power factor angle 𝜃. 

 𝐼𝐷𝐺𝑟𝑒𝑎𝑐𝑡
≤ 𝐼𝐷𝐺𝑟𝑒𝑎𝑙

∗ 𝑡𝑎𝑛𝜃𝑚𝑎𝑥  (4.3) 

Where, 𝜃𝑚𝑎𝑥 − 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟 𝑎𝑛𝑔𝑙𝑒 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 

For analysis purpose the power factor of DG was set to be within unity and 0.9 power factor 

leading as the DG may be required to supply reactive power.  
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CHAPTER 5 

NUMERICAL ANALYSIS 

IEEE 4 bus radial distribution feeder with a rated voltage of 4.16kV line to line is used for 

numerical analysis of the proposed control scheme. The following line information is taken from 

the IEEE 4 bus test feeder data [22] and used to develop our lumped model and then used for 

further analysis. 

TABLE 1  

LINE IMPEDANCE DATA 

 1 2 3 

zij 0.087+j0.20 0.088+j0.20 0.13+j0.30 

 

 

Figure 5.1: IEEE four node distribution test feeder  

The following graph shows the day ahead forecast of Load and DG obtained from NREL 

database [23] which is then converted into hourly possible range based on historic data and forecast 

characteristics as in Table 2. Tables 1 and 2 will act as the input to the numerical analysis of the 

proposed control scheme which is represented by the flowchart in figure 5.4. The reason for not 

using the crisp forecast values to calculate the optimal DG control point is because the forecast 

varies a lot from the actual as shown in figure 5.3. This is the reason for using fuzzy optimization 

with which we can consider the possible range. 
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Figure 5.2: Daily Load and DG forecast  

TABLE 2  

DAILY LOAD AND DG FORECAST AS HOURLY POSSIBLE RANGE 

Time of Day Min.DG (kW) Max.DG (kW) 
Min.Load 

(kW) 
Max.Load 

(kW) 

7:00 300 400 1900 2500 

8:00 900 1000 2000 2600 

9:00 1500 1800 1950 2600 

10:00 2300 2500 1950 2800 

11:00 2500 2800 2000 2650 

12:00 2600 2900 2100 2750 

13:00 2400 2600 2200 2850 

14:00 2300 2500 2450 3070 

15:00 1800 1900 2600 3200 

16:00 1700 1900 2650 3250 

17:00 800 900 2650 3250 

18:00 350 450 2600 3230 

19:00 50 100 2650 3280 
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Figure 5.3: Forecast vs Actual  

 The proposed control scheme, 

➢ Computes the lumped model from system data 

➢ Computes the membership functions based on the model 

➢ Finds the optimal value from the lower bound curve of the membership functions 

➢ Maps the optimal values of the model back to the actual system 

➢ Check for compliance with constraints and notifies if additional support is required  
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Figure 5.4: Proposed control scheme  

No 

Start 

Read System data, Load, DG 

capacity and Forecast 

Find the critical node and 

calculate 𝑅𝑒𝑞 

Compute System model 

 

Create Objective and 

Constraint membership 

function 

Fuzzy Optimization 

Compute node voltages for 

optimal DG output 

Are 

voltages 

in limit 

Stop 

Curtail DG and create 

new output range 

Request 

Volt/Var 

support 

Check 

Over 

generation 

Yes 

Yes 

No 



21 

 

TABLE 3  

RESULTS 

Time of Day 
Possible Load 

(kW) 
Optimal DG 

(kW) 
Power Loss 

(kW) 
% DG Penetration 

7:00 1900.000 400.000 72.175 21% 

8:00 2000.000 1000.000 34.705 50% 

9:00 1950.000 1800.000 1.947 92% 

10:00 2176.000 2304.000 0.000 106% 

11:00 2363.000 2502.000 0.000 106% 

12:00 2465.000 2610.000 0.000 106% 

13:00 2210.000 2340.000 0.000 106% 

14:00 2450.000 2499.000 0.251 102% 

15:00 2600.000 1900.000 20.213 73% 

16:00 2650.000 1900.000 22.800 72% 

17:00 2650.000 900.000 100.920 34% 

18:00 2600.000 450.000 147.350 17% 

19:00 2650.000 100.000 203.424 4% 

Table 3 gives the possible load and the optimal DG output selected from the fuzzy 

optimization for every hour and corresponding power loss and percentage of DG penetration. This 

information is represented as graph in figure 5.5, from which we can see the Voltage regulation is 

achieved with increase in DG penetration and is maintained even when the DG is over generating. 

The failure to abide by the limit happens when the DG penetration is not enough to provide the 

required ancillary support and during those periods and the rest of the 12 hours in the day we need 

support from the ancillary service equipment. 

Also, it can be seen from Table 3 that the power loss reduces with increase in DG 

penetration. This proves that the proposed control scheme gives the optimal DG control that helps 

in reducing the losses and at the same time maintains the node voltages within the permissible 

limits. These results are compared with no control case and constrained optimization using KKT 

and from figure 5.6 we can see that the proposed scheme works better than the others. 
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Figure 5.5: Node Voltages under proposed control 

TABLE 4  

RESULTS CONTINUED 

Time of Day V3 (kV) V4 (kV) V3 (per unit) V4 (per unit) %Penetration 

7:00 4013.099 3906.828 0.965 0.939 21% 

8:00 4057.526 3982.491 0.975 0.957 50% 

9:00 4135.488 4117.201 0.994 0.990 92% 

10:00 4160.000 4160.000 1.000 1.000 106% 

11:00 4160.000 4160.000 1.000 1.000 106% 

12:00 4160.000 4160.000 1.000 1.000 106% 

13:00 4160.000 4160.000 1.000 1.000 106% 

14:00 4151.175 4144.569 0.998 0.996 102% 

15:00 4081.551 4023.758 0.981 0.967 73% 

16:00 4076.734 4015.465 0.980 0.965 72% 

17:00 3986.921 3862.673 0.958 0.929 34% 

18:00 3951.905 3804.156 0.950 0.914 17% 

19:00 3916.760 3746.111 0.942 0.901 4% 
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Figure 5.6: Power loss and Node voltage in No control, KKT and Proposed control 
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CHAPTER 6 

CONCLUSION AND FUTURE WORKS 

6.1 Conclusion 

 

This thesis addresses the problem of PV DG integration into distribution network and 

focusses on solving the resulting power quality issues by a fuzzy optimization based possibilistic 

approach for controlling remotely installed PV units from the feeder level. In the numerical analysis, 

it is shown that how the proposed model and the control scheme can be implemented using the 

IEEE Standard 4 bus system. The results presented show the effectiveness of using the PV DG for 

improving voltage profile and the robustness of the control scheme that keeps the voltage profile 

within nominal limits as per ANSI standards even in case of over generation i.e. more than 100% 

penetration of DG. 

6.2 Future Work 

Since this work uses a Possibilistic approach which is a much less explored territory with 

regard to DMS, it has large scope for further improvement in the future. Following are some of 

the extensions that can be made to the work,   

1) Including the frequency of communication between DMS and PV inverters and 

comparing for the cases with and without the proposed control scheme.  

2) Observe the effect of the PV DG on already existing IVVC equipment and look for 

number of operations. The implementation of the proposed model should not increase their 

operation. 
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3) Decision making on the limitation of the maximum power factor of DG that can be 

allowed. This can be done only by including the economic factors to the model and considering loss 

incurred by reactive power supply of DG, since the DG owners are currently being paid only for 

real power supply. 

4) The proposed work should be implemented on a test system with more complex 

interconnections and with real-time distribution system forecast and actual data. This will give 

scope for further improvement for practical implementation. 
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