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1. Abstract 
 

Distributed resources are usually connected close to the load Centre to supply active and 

reactive power to the power distribution system. Distribution generators technology mainly 

incorporate solar PV and wind turbines nowadays become trendy for mitigating greenhouse gases. 

Power system restructuring and technology advancement create more concentration towards DG 

as an alternative source of electric power connected near the load end to meet the growing 

demand. It not only helps to reduce the congestion of the existing transmission line but also saves 

revenue by establishing new infrastructure to meet rising demand. Generation of DG is not 

centrally planned and centrally dispatched at present, so that DG penetration in the grid poses new 

challenges and problems to the network operators as they can have a significant impact on the 

system and equipment operation in terms of reliability, power quality, distribution grid efficiency 

and safety for both customers and electricity suppliers. 

Placement of these distributed resources across the distribution network changes the line 

flows and modifies network performance parameters like network losses and voltage profile 

predominantly. DG and RPC deployment at load buses inject a partial active and reactive power, 

making the distribution system bidirectional and modified line flows need more detailed analysis 

to improve network performance parameters. The locations and size of these distributed resources 

have a strong influence on network losses and power quality. The generation of these DGs 

depends upon environmental conditions that are hard to predict and make demand-side 

management more complex on a real-time basis. 

In this thesis, an attempt has been made to present strategies for allocating various 

distributed resources, including distributed generators and reactive power compensators, to 

enhance the distribution network performance and to present a strategy for optimal planning to 

manage available distributed generators to ensure a consistent distribution system performance 

on a real-time basis. Present research work consists of three problems pertaining to the domain 

based on the literature survey. Optimal reactive power compensation problem addressed to find a 

cost-effective solution to minimize the losses and improve the voltage profile of the network. 

Proposed analysis has been done on 11kv gurukul distribution network where minimization type 

multi-objective function formulated which consists three conflicting objectives. MOF minimized 

using three different metaheuristic methods (GA, PSO, TLBO). 



The optimal placement problem of DG and RPC simultaneously has been addressed for 

IEEE-33 bus standard distribution system. Minimization type multi-objective function 

incorporates four criteria, i.e., loss minimization, investment cost minimization, voltage profile 

and voltage stability improvement. The proposed strategy has been tested for three different 

scenarios. 

Scenario 1: Considering DG and RPC simultaneously with three objectives. 

Scenario 2: Considering DG and RPC simultaneously with five objectives. 

Scenario 3: Considering DG and RPC simultaneously where DG modeled for PV bus.            

Proposed MOF has been minimized by GA, TLBO and PSO metaheuristic algorithm to 

serve all objectives having a conflict of interest. The proposed strategy helps distribution planners 

to maximize the benefits of these distributed resources considering future load growth. 

The impact of DG penetration on distribution system losses and voltage profile under 

varying loading conditions have been evaluated for the IEEE-33 bus standard system to justify 

the significance of the third problem statement. An attempt has been made to present a strategy 

for optimal utilization of available renewable-based distributed generators connected at different 

locations across the network on a real-time basis to ensure sustainable distribution system 

performance without considerable loss in terms of exported energy looking to the DG owner 

viewpoint in a deregulated electricity market. The present analysis yields hourly variation of 

generation of all four renewable type DG based on environmental data for one day. The proposed 

strategy has been tested on the IEEE 33 bus standard distribution system, considering an hourly 

variation of three different types of load profiles (RL, CL, IND). The multi-objective function has 

been formulated consisting of three different weighted distributed conflicting types of objectives 

which GA minimizes to find the optimal solution of the problem statement. It is highly required 

to reduce the time lag of the algorithm to make this strategy feasible for practical application on 

a real-time basis. FFBPANN, GPR, ES, RT and SVM have been used for the actual prediction of 

the optimum generation values for all four DG models. Regression models of all four DG have 

been trained with the training data set and tested with the testing data set to evaluate data accuracy 

of prediction vs actual values. All proposed analyses have been done using MATLAB 2020B. 

 

 



2. Problem Identification: - 
Improper placement of distributed resources across the distribution network reduces 

payback return and negatively impacts network losses, reliability, and power quality. Optimal DG 

placement problem accompanying the RPC needs to incorporate stability criteria to reinforce the 

system looking to the future load growth. DG placement needs to justify the benefits incurred 

w.r.t. Various technical and economic aspects. 

The participation of renewable-based distributed resources is continually increasing due 

to its technical and environmental benefits, which further increase the penetration level of such 

resources across the distribution network. In addition to that, demand-side management becomes 

more complex on a real-time basis due to the power generation of these DG being highly 

dependent on uncertain environmental conditions. High penetration of renewable DGs often 

increases system losses and deteriorating power quality due to excess generation under light 

loading conditions.  

The proper strategy needs to be required to manage the generation of these DG to ensure 

the distribution network's good performance and power quality on a real-time basis. Distribution 

operator often proposes these curtailments of generations of renewable-based DGs to overcome 

such situations. However, owners of DGs are more concerned about the impact of such 

curtailment on project economics. A proper strategy must be required to curtail renewable-based 

DGs' generations to incorporate the interest of distribution operators and DGs owners under 

deregulated energy market. 

3. Brief description on the state of the art of the research topic 
In the past decade, the utilization of renewable-based small capacity type distributed 

generators has increased very much to reduce greenhouse gases. Participation of these DG is 

considerable to meet the demand, making demand-side management more complex for the 

network operator. The governments of different countries also formulate supportive policies to 

encourage private partners to invest capital behind it. Placement of these DG across distribution 

network needs deep analysis to maximise all revelled benefits. Performance of distribution 

network highly influenced by size and location of such types of DG. 

Present research work has been carried out to investigate cost-effective strategies for the 

optimal placement of distributed resources to enhance network performance. The extensive 

literature review was carried out to identify the research gap for problem formulation, which 

imply the following points to be considered to explore the research, 



• Optimal sizing and siting problem of distributed resources is non-convex, nonlinear, 

constraints optimization problem. It has been addressed by many researchers using different 

types of analytical and heuristic approaches. 

• Optimal Placement of distributed generators and reactive power compensator needs to be 

explored considering DG’s operation with different power factors which can absorb and 

inject reactive power to the local bus according to the network condition. 

• Problem formulation need to consider the modelling of DG for voltage control bus(PV bus) 

to control the bus voltage by supplying or absorbing the reactive power subjected to the 

network constraints. 

• Performance evaluation of distribution system needs to be incorporated demand and 

generation variation to increase the feasibility of proposed strategy for implementation. 

• Distribution networks with a more significant penetration level of DG may put 

considerable stress on network performance due to excess generation injection by DG 

under light loading conditions. This problem has received limited attention so far in the 

literature. Therefore, it needs to be explored. A proper strategy must be required for the 

generation curtailment of such DG, which can incorporate the interest of the network 

operator and DG’s owner. 

Proposed research work has been attempted to address all these implications based on the 

literature survey. 

4. Objective and Scope of work: - 
 

Primary Research work includes, 

• To propose a multi-objective optimal strategy for placement (location and size) of 

various types of Distributed Generators and Reactive power compensators across 

Distribution-grid to improve network performance. 

• Ensure optimal usage of distributed generators connected at different locations across the 

network for consistent network performance on a real-time basis considering a deregulated 

environment. 

Present research work has provided various strategies for optimal distribution network 

planning considering different types of distributed resources. 

 



5. Original contribution by thesis: -  
The current study highlighted the impact of distributed resources on network performance. 

Original contribution by thesis can be summarized through the following proposed work, 

• Strategy has been proposed for Optimal reactive power compensation of power 

distribution network using RPC. 

• Optimal planning has been presented for placement of DG and RPC simultaneously 

across the network to maximize benefits based on different criteria. It has been 

addressed for three different test scenarios. 

• Optimal strategy for generation curtailment of available renewable-based distributed 

generators to enhance the performance of distribution network on a real-time basis 

considering deregulated electricity market. 

6. Methodology of Research, Result / comparisons  
 

Three problems have been attempted to address for demand-side resource management in 

order to improve the network performance parameters that can be covered through subsequent 

sections, 

Optimal reactive power compensation of distribution network using RPC(P.F-1) 

The optimal reactive power compensation problem has been addressed to find a cost-

effective solution to improve system performance parameters by providing optimal location and 

size of reactive power compensator for an ideal distribution system. The proposed strategy has 

been tested on 56 bus 11KV distribution network located at Bhavnagar, Gujrat. It is a non-

convexed, multi-objective and non-linear complex optimization problem that includes 

minimization type weighted distributed multi-objective function. Proposed MOF minimized 

using three different heuristic algorithms (GA, TLBO, PSO) using MATLAB 

The primary objective of the problem is to find the optimal size and capacity of the 

Reactive power compensator [RPC] to minimize active power loss of distribution network with 

voltage profile improvement. In order to reduce the search space of optimization problem, initially 

loss-sensitive analysis based analytical approach was used to identify the potential location of the 

candidate buses, which are sensitive to the loss reduction and suffering from poor voltage 

regulation. Fig.2 shows  G.I.S map and single line diagram of the 56bus 11kv gurukul distribution 

network.



 

 

 

Figure 2 G.I.S Map and Single diagram of 11kv 56-Bus Distribution feeder 

   Initially, loss-sensitive factors help find potential locations then the size of the RPC 

devices have been evaluated based on multi-objective index values after applying a heuristic 

algorithm. The proposed MOF consists of three objectives, and these objectives have been 

assigned proportionate weighting factors values based on their relative importance with each 

other. AHP method has been used to assign weighting factor values to each objective based on 

the relative importance matrix. 

  

Figure 1 Problem formulation   for optimal reactive power compensation 

 

 

 

 



 

 

 

Table -1 shows the results of RPO problem; it includes potential locations and 

corresponding optimal capacity of RPC devices. All three heuristic algorithms have been applied 

to minimize the proposed MOF index value and retrieve compromised solutions. Figure -3 shows 

a comparative bar chart for various network performance parameters, i.e., active loss (KW), 

reactive loss (KVAR) and minimum bus voltage (KV).  
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Table 1 Optimum locations and size of RPC using different heuristic algorithms 

Figure 3 comparative results of RPO problem 

 

 

 



Optimal sizing and siting of DG and RPC across distribution network to enhance the network 

performance (P.F-2) 

An attempt has been made to propose optimal planning for DG and RPC deployment 

simultaneously to maximise the benefits from distributed resources. The proposed approach has 

been tested on IEEE -33 bus standard distribution network. Network configuration and voltage 

profile have been shown in fig.4 . 

 

 

 

Table 2 IEEE-33 Bus network Parameters 

 

Network parameter Value 

Total Load(P)(Fixed) 3.72 MW 

Total Load(Q)(Fixed) 2.30 KVAR 

Active Power Loss 0.203 MW 

Reactive Power Loss 0.14 MVAR 

Tail End Minimum Voltage 0.917 P.U 

Type of Network Radial Type 

Figure 4 Network configuration and voltage profile of IEEE-33 Bus Network 



 

The proposed strategy has been tested for three different scenarios. In the first scenario, 

the problem has been addressed by considering three objectives, active power loss, DG cost, and 

RPC cost, to get maximum benefits in terms of loss reduction with optimal sizing of resources to 

reduce investment cost. The problem has been extended by incorporating the cumulative voltage 

stability index (CVSI) and voltage deviation index (VDI) in a multi-objective optimization 

function to ensure sustainable performance considering future load growth. MOF consists of five 

objectives, i.e., cost of DG and RPC, stability criteria, voltage profile improvement and loss 

minimization. AHP method has been used to assign appropriate weighting factors based on the 

relation sheet matrix to each objective. The Multi-objective index has been minimized using three 

different heuristic algorithms (GA, PSO and TLBO). Results of the optimization problem yield 

optimal size and location of DG and RPC considering three different test scenarios can be seen

Figure 5 Block diagram problem formulation for optimal placement of DG and RPC simultaneously 



 from table no 3 and 4, respectively. Fig6 shows a comparison chart for voltage profile 

improvement with different scenarios. 

 

Table 3 Optimal placement of RPC for three different scenarios using GA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4 Comparison of Network performance parameters for different scenarios using GA 

RPC Locations 
 

5 
 

8 
 

23 
 

28 
 

Reactive power in PU(S1) 0 0.4 0 0.4 
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Figure 6 Voltage profile of the network with different scenarios using GA 



 

 

 

Table 5 Optimum value of active and reactive power injection of DG with different scenarios 

 

 

Comparative results for network performance parameters with three different scenarios 

have been demonstrated by table no 4. Table no 5 shows optimal generation in PU for different 

DG and their respective locations.  DGs also inject reactive power as they have been modelled 

for PV bus with S3. Optimum reactive power values of different DGs have been shown in table 

5. The comparative bar chart shown in fig.7 demonstrates active and reactive loss of the network 

considering DG and DG with RPC.  
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Figure 7 Comparison bar chart of Real/Reactive loss of the network 



The optimal strategy to manage the available generation of renewable-based distributed 

generators to enhance the distribution network performance on a real-time basis in 

deregulated electricity market (P.F-3) 

Looking to the technical and environmental benefits revels due to the interconnection of 

renewable-based distributed generators across distribution networks increases the penetration 

level of such distributed resources periodically; however, higher penetration of such resources 

badly influences the distribution system's performance under light loading conditions. Excess 

generation with lesser demand across the network increases the losses and deteriorating power 

quality.  

 

 

 

 

 

 

 

 

 

 

 

 

The proposed approach helps the distribution operator manage resources optimally to 

ensure better system performance under variable loading conditions on a real-time basis 

considering variable generation depending upon the environmental condition.  The current 

approach yields four renewable DGs; two are solar-PV type, and the remaining two are wind type. 

Hourly variations of demand and generation for one day have been incorporated to make it 

feasible to implement in real-time. The total penetration level of DGs has been taken 40% w.r.t 

the IEEE-33 bus standard distribution network demand. 

Figure 8 3D surface Graph showing Variation of Losses and Voltage Deviation w.r.t. change of Load level 

and Generation Penetration level 



 

 

 

 

 

 

 

 

 

 

 

 

The multi-objective function has been proposed, which includes three objectives having 

conflicts of interest. Two objectives stand to improve network performance by minimizing system 

loss and improving network voltage profile, while the third objective stands to reduce revenue 

loss occurs due to generation curtailment looking to the DG’s owner point of view. The present 

approach incorporates the interest of the distribution operator and DG’s owner to manage the 

available resources on a real-time basis. 
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Figure 10 Demand variation of different types of load profile for one day 



 

The proposed approach has been tested residential, commercial and industrial type of load 

profile further demand variations have been taken on an hourly basis for 24 hours, as shown in 

fig.10. 

 

Table 6 Consideration of size and location of different DG Models for analysis 

 

 

 

 

 

 

 

Sr No Type of DG-Model Capacity in MW Location 

1 Solar G-1 0.350 8 

2 Solar G-2 0.350 24 

3 Wind G-3 0.350 25 

4 Wind G-4 0.350 31 

Total 
 

1.4 
 

Figure 11 Block diagram to find optimal generation of DG 



 

The proposed approach has been tested residential, commercial and industrial type of load 

profile further demand variations have been taken on an hourly basis for 24 hours, as shown in 

fig.10.The proposed multi-objective index has been minimized using a genetic algorithm. The 

optimal value of generation has been retrieved for all four DG models.  This analysis yields hourly 

variation of all the parameters, including demand, solar irradiation, and wind speed. It is required 

to run the algorithm on each hour to get the optimum generation value based on the multi-

objective index considering the regulated electricity market. Utility electricity price hourly 

variation (Rs/Kwh) shown in fig.12 considered evaluating loss factor due to generation 

curtailment in the deregulated market looking to the DG’s owner point of view. When the utility 

price is higher than the average price deviation index, the algorithm uses the entire available 

generation accumulated from the available resources. More interest would be shifted to improve 

network performance parameters based on the proposed multi-objective index with lesser utility 

unit prices. Optimal values of generation of models G1&G2(solar PV type) and models 
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Figure 13 Available Generation variation of PV/Wind type DG for one day on 21-jan-2020 based 

on wind and solar resource data set. 

Figure 12 Utility prize variation for one day 



G3&G4(wind type)  on each hour can be seen from fig. 14,15 respectively for commercial type 

of load profile.  
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Figure 15 Optimal wind generation of G3 and G4 for CL type of load 

Figure 14 Optimal solar generation of G1 and G2 for CL type of load 



  

The comparative graph shows the considerable improvement gain in terms of network 

loss reduction and voltage profile improvement at each hour from fig.17,18. 
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Figure 17Voltage deviation index comparison for CL –Load profile 

Figure 16Power loss  comparison for CL-Load Profile 



Real time application of proposed approach for optimal management of resources. 

The genetic algorithm has been used to find the optimal value of generation of each DG 

model, which takes 9 to 10 second time lag on each run. Regression techniques have been used 

to minimize this time lag by predicting the optimal value of generation considering all previous 

parameters variations so that the proposed strategy can be feasible to use on a real-time basis. 

Training and testing data sets creation for regression model of each DG 

 

It is highly required to have large numbers of input and target data set patterns to train the 

regression model of each DG intended to predict the optimal value of generation with higher data 

accuracy. Fig18 shows the block diagram for generation one data pattern for input and output, 

total 9 numbers of input parameters used and the corresponding target value (optimal generation) 

has been retrieved using optimization algorithm (GA) for each generator model.  

Table 7 details of training patterns to train regression models 

1
st
 day of Month from Nos of Variables Load Factor Variation Total patterns 

January,2020 to October,2020 09 0.2 to 1 4252 

Figure 18 Block diagram shows the process to generating one pattern for training data set 



Eight days of various months have been chosen to consider the variation of environmental 

parameters as the available generation of each dg model depends on it. Optimization algorithm 

(GA) has been applied to minimized MOF index considering load factor variation from 0.2 to 1 for 

each hour slot. Total 4252 patterns have been created for input data set and target data set for 

training purposes. These training data patterns normalized using the min-max normalization 

method. Hourly variation of solar irradiation and wind speed have shown in fig. 19,20 considered 

for nine different days of different months. 

  

Figure 19 Hourly solar radiation variation for one day of different months. 

Figure 20 Hourly wind variation for one day of different months. 



  

Fig.21 shows the normalized output response of each generator model G1, G2, G3 and 

G4 corresponding to the 4242 numbers of input data set. 

FFANN trained with training data sets using back prorogation algorithm to minimized 

MSE between actual values and predicted values. Fig 22 shows the architecture of FFANN used 

to predict optimal generation for each DG model. The selection of network parameters, i.e. 

numbers of hidden layer and hidden layer neurons, strongly influences ANN performance with 

the testing data set. Several attempts have been made to choose these parameters for FFANN to 

perform well with testing data patterns. Network perform well with training data set with higher 

numbers of hidden layer and hidden layer neurons, but when network tested with some unknown 

Figure 21 Normalized target response of G1,G2,G3,G4 w.r.t. Training dataset 



data patterns, its performance becomes poor. The optimal configuration of FFANN consists of 

one hidden layer and 12 nos of hidden layer neurons that perform well with all performance 

criteria with the testing data set compared to the other configurations. 

 

 

The performance of FFANN after the training process shown in table no 8   for each 

generator model.  has been trained with training data set, and its performance with the testing data 

set is shown in table no 9.   

Figure 22 Architecture of FFBPANN with one Hidden layer and 12 Hidden layer neurones for 

G1,G2,G3,G4. 



 

Table 8 Performance parameters of FFANN network for different generator models after training. 

Performance 

 Parameters 

Generator Model 

G1 G2 G3 G4 

MSE 4.67E-05 0.000277 0.00079 0.000111 

RMSE 0.0068 0.0166 0.0279 0.0105 

MAE 0.000145 0.008982 0.016588 0.005312 

SSE 0.1981 1.1762 3.9957 0.4722 

MAPE (%) 1.0611 2.071 6.1558 1.5607 

R-Coefficient  0.99985 0.9988 0.9841 0.99926 

R
2

 Value 0.9997 0.9977 0.992 0.9985 

 

 

 

Table 9 Performance parameters of  FFBPANN network with testing dataset 

 

Ensemble tree, regression tree, support vector machine, and gaussian progression types of 

regression methods are also used in the present research to predict the optimal generation value 

for all four DG models. All regression models have been trained through 5/4 validation 

techniques, and later on, they have been tested through testing data patterns. The performance 

parameters for all regression models under testing and training mode are shown in table 10 and 

11, respectively. Different statistical performance indexes have evaluated the network's 

performance, i.e. RMSE, MSE, MAE for different regression generator models. 

Performance 

 Parameters 

Generator Model 

G1 G2 G3 G4 

MSE 0.000166 0.00045 0.000914 0.000136 

RMSE 0.01275 0.0211 0.0297 0.0115 

MAE 0.009264 0.011925 0.018377 0.006151 

SSE 0.066 0.1803 0.3577 0.0538 

MAPE (%) 1.2301 1.8862 7.7922 1.8403 

R
2

 Value 
0.9989 0.9966 0.981 0.9979 



Table 10 Training performance parameters of generator models using different regression techniques. 

Generator 

Model 

Performance 

 Parameter 

Regression Training Model  

ESRT RT SVM GPR LR 

G1 

  

RMSE 0.010007 0.0061278 0.021914 0.0056856 0.034257 

MSE 0.0001002 3.76E-05 0.0004802 3.23E-05 0.0011735 

R
2

 Value 1 1 1 1 0.99 

MAE 0.0051062 0.0017987 0.012666 0.0015305 0.023476 

G2 RMSE 0.025363 0.033529 0.033606 0.020749 0.094748 

MSE 0.0006433 0.0011248 0.0011294 0.0004305 0.0089772 

R
2

 Value 0.99 0.99 0.99 1 0.93 

MAE 0.011403 0.013319 0.02261 0.0089486 0.055135 

G3 RMSE 0.032811 0.04137 0.041713 0.02801 0.15519 

MSE 0.0010766 0.0017115 0.00174 0.98 0.024083 

R
2

 Value 0.98 0.97 0.96 0.0007845 0.51 

MAE 0.015954 0.012878 0.023731 0.00983 0.12004 

G4 RMSE 0.016647 0.019485 0.029277 0.0074019 0.13962 

MSE 0.0002771 0.0003797 0.0008571 5.48E-05 0.019494 

R
2

 Value 1 0.99 0.99 1 0.74 

MAE 0.0035984 0.0025227 0.014711 0.0015968 0.10204 

 

Figure 23 Block diagram showing training of Regression Models (GPR,SVM,ES,RT,LR) with 5-fold cross validation. 



Table 11 Testing performance parameters of generator models with different regression techniques 

Fig.24 shows the error between target and predicted responses of generator model G2 with 

GPR considering testing data pattern, and the error line should be as minimum as possible for 

better regression model performance. Fig 25 shows the error line between target and predicted 

responses with different regression models, i.e., ES, RT, SVM, LR for generator G2 with 

unknown testing data patterns. 

Generator 

Model 

Performance 

 Parameter 

Regression Training Model  

SVM GPR  LR ESRT RT 

G1 

  

  

MAE 0.01509 0.02269 0.02780 0.01742 0.02789 

MSE 0.00089 0.00207 0.00188 0.00109 0.00246 

MAPE (%) 2.921 4.523 4.743 3.218 5.837 

G2 

  

  

MAE 0.10839 0.08932 0.07950 0.08813 0.08789 

MSE 0.02455 0.01805 0.01108 0.01707 0.01761 

MAPE (%) 5.006 2.382 6.257 3.133 4.708 

G3 

  

  

MAE 0.04316 0.00639 0.10908 0.00884 0.00777 

MSE 0.00590 0.00025 0.02120 0.00054 0.00044 

MAPE (%) 9.876 2.071 17.966 2.989 2.800 

G4 

  

  

MAE 0.02127 0.00140 0.11200 0.00138 0.00158 

MSE 0.00115 2.9043E-05 0.02104 3.96791E-05 5.745E-05 

MAPE (%) 6.354 0.416 13.972 0.449 0.548 

Figure 24 Error between predicted response and True response of model-G2  using GPR with 

Training data set. 

 



Fig 26,27,28 and 29 shows the difference between predicted and actual response for 

normalized generations for regression model G1, G2, G3 and G4 using GPR . 

0 100 200 300 400

0.0

0.2

0.4

0.6

0.8

1.0

N
or

.G
en

er
at

io
n 

G
1

Testing Samples

 GPR Predicted value

 Target ValueModel- G1

 

Figure 26Predicted generation vs True response of Model G-1 using GPR with testing dataset 

Figure 25 Error between predicted value and target value of different regression model with training data set 
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Figure 27 Predicted generation vs True response of Model G-2 using GPR with testing dataset 

Figure 28 Predicted generation vs True response of Model G-3 using GPR with testing dataset 



 

7. Achievements with respect to objectives 
The optimal strategy has been addressed to serve the objectives. The proposed approach 

suggests potential location and optimal size of RPC since both have considerable influence on 

the system distribution network performance. Proposed MOF incorporate three different 

objectives, i.e., network loss, feeder voltage profile and investment cost of RPC. Three different 

heuristic algorithms, i.e., GA, TLBO and PSO were employed to get compromised solution based 

on MOF index value wherein GA provided competitive results compare to other algorithms. The 

present methodology has been applied on 56 bus 11 kv gurukul network and results show 

considerable improvement have been gained in overall system active and reactive losses reduction 

and bus voltage profile enhancement. 

A multi-objective strategy was proposed to address the simultaneous deployment of DG 

and RPC across the distribution network. The proposed approach has been tested on IEEE 33 bus 

standard system considering three different test scenarios. Scenario-2 incorporated two more 

newly introduced criteria, i.e., CVSI and VSI, along with multi-objective function to ensure 

consistent network performance considering future load growth. Scenario-3 same MOF that has 

been used wherein DGs are modelled for voltage control bus so that it can absorb or inject reactive 

power to the local grid according to the network condition to explore reactive power capability 
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Figure 29 Predicted generation vs True response of Model G-4 using GPR with testing dataset 



of distributed generator. Proposed MOF has been multiplied by three heuristic algorithms wherein 

results of GA is prominent. 

An optimal strategy has been proposed to manage the available generation of renewable- 

based DG considering deregulated electricity market. The proposed multi-objective function 

accommodates three different objectives with conflict of interest, i.e., minimization of network 

losses, voltage profile improvement, and minimization of anticipated loss occurred due to 

generation curtailment of DG w.r.t DG’s owner perspective Subjected to network constraints. 

Proposed approach yield time base variation of demand, DG’s generation and electricity price 

under deregulated market. GA has minimized the proposed MOF to get a compromised solution 

that serves said objectives. IEEE 33 bus standard distribution system has been used for the 

analysis with three different load profiles. 

Practical implementation of proposed approach requires a speedier solution pertaining to 

the variation of problem variables. It took 9 to 11 seconds for algorithm for retrieving a 

compromised solution based on problem variables in each run. An attempt has been made to train 

DG models by different types of regression methods in order to reduce this time lag. FFBPANN, 

SVM, ES, RT, and GPR have been used to correctly predict each DG model's optimal generation 

value. These regression models of DG have been trained through input and target data patterns. 

Performance evaluation of these regression models has been carried out through various statistical 

performance indexes, i.e., MSE, RMSE, and MAPE.  

8. Conclusion: - 
The proposed strategy for P2 with scenario-2 gives batter results w.r.t network losses and 

voltage profile with some added resource capacity due to incorporation of newly added network 

performance indexes (CVSI and VDI) into the MOF compared to scenario-1. It has been 

suggested to implement for the distribution network with higher load growth. It can be seen from 

the Results that the introduction of CVSI and VDI strengthen the network with a higher 

loadability limit and ensuring sustainable network performance considering future load growth. 

DG’s operation at lagging power factors improved the performance of the network without RPC 

support by injective partial reactive power at different locations; however, the performance 

improvement of the network did not become noticeable along with the RPC due to 

overcompensation that can be observed from the results (P2, Scenario-2). Optimal strategy for P2 

with scenario-3 has been addressed by considering DG’s operation for PV bus to control the bus 

voltage by injecting or absorbing reactive power as per the Q-limit. Results show that the 



network’s performance further improved with smaller optimal RPCs size so that it also reduced 

the cost burden of RPC to the distribution utility. 

An Optimal strategy to manage the available generation of various types of DG has been 

addressed to serve objectives(P3). The proposed approach has been used to optimise the 

generation of different DG Models based on the multi-Objective index value. The result shows 

that for solar PV types of Distributed Generators(G1&G2), the generation of G2 is more 

optimised than G1, indicating that it has more influence on the MOI value. Wind types of 

DG(G3&G4), the generation of G3 more optimised at different time slots than Model G4 as it has 

a greater influence of MOI index value. DG’s location also has a greater influence on the Network 

losses and voltage quality. The proposed technique can be used to optimise generation on a real-

time basis to ensure maximum network efficiency without compromising revenue loss w.r.t. 

exported energy. Proper selection of Network parameters (nos of hidden layer and neurons in 

hidden layer) of FFBPANN becomes mandatory as it has a greater impact on network 

performance. FFBPANN with higher nos of hidden layer and hidden layer neurons performed 

well during the training phase with minimum MSE but during testing of network with unknown 

input data performance deteriorated due to overfitting problem. FFBPANN with one hidden layer 

and 12 numbers of hidden layer neurones performed well under the testing phase and gave 

predictor values with accuracies of 98.7699%, 98.1138%, 92.2078%, 98.1597% for Generator 

model G1, G2, G3 and G4, respectively. The result shows that GPR Regression model performed 

better then SVM, LR, ESRT, RT for all four type generator models. Prediction accuracies with 

GPR Models are 95.257%, 97.618%, 97.929%, 99.584% for G1, G2, G3 and G4, respectively. It 

has been found from the literature survey that for generation prediction based on the solar 

irradiation and wind speed prediction accuracies of Model are ranging from 71% to 99%. 
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