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Abstract 

Renewable sources integration is gaining importance in electrical utilities all over the 

world. The liberization of power sector in competitive regime, the share of renewable 

energy sources is increasing and it is essential to carry out the impact of clean energy on 

the system performance In this paper, analysis has been carried out with the PV-based 

distribution generation in the power system network. A Mixed Integer Nonlinear 

Programming (MINLP) approach has been utilized for determining optimal location and 

number of distributed generators considering minimization of fuel cost of conventional 

and solar PV power. The pattern of nodal real and reactive power prices have been 

obtained with and without PV integration. The results are also obtained for, loss 

reduction, fuel cost saving and voltage profile. The impact of different load models as PQ 

load and Zip load model has been studied. The proposed MINLP based optimization 

approach has been applied for IEEE24 bus reliability test system. 

 

Keywords: Mixed Integer Nonlinear Programming (MINLP) approach, Nodal price, 

optimal location, solar PV based Distributed generator 

 

1. Introduction 

The liberalization of the electricity markets all over the world in the last two decades 

leads competition in the electricity sector. The utilities all over the world due to 

environmental concerned polices and  pressure from the financial institutions have shifted 

their paradigm for optimal utilization of the existing sources and integration of renewable 

energy sources in the system [1]  So, the electricity supply industries targeted to optimal, 

secure and economically power generation. The energy demand is increasing drastically 

and it is important for the electricity supply industry to plan and develop alternate 

generation system.  The renewable energy resources and distributed generation is a 

feasible alternative for reducing networks losses and congestion especially during peak 

hours, which also improves system reliability, voltage profile and saving the fuel cost. In 

completive markets, distributed generation plays an important role due to their economic 

viability and small size. A competitive market mechanism for DG in a pool based system 

was proposed in [2]. Many authors defined distributed generation based on their size, 

technologies, location, power delivery area and operational constraints with their 

economical and operational benefits [3-5]. The DG technologies comprise small gas 

turbines, micro-turbines, fuel cells, wind and solar energy. 

With the increase in distributed energy sources in the power system network, it has 

become essential to study their impact on the system performance. The planning of the 

system in the presence of DGs require several factors to consider with the number and the 

capacity of units, location in the network, and impact of DG on the system operational 
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characteristics such as system losses, voltage profile, stability and reliability issues [6-8]. 

A framework for implementing optimal DG capacity investment as an attractive option in 

distribution system planning in deregulated electricity market is proposed in [9]. 

Many researchers proposed algorithms and methods for optimal location and sizing of 

the distributed generation plants.  The various techniques of intelligent control methods , 

particle swarm optimization(PSO), genetic algorithm and Tabu search, Noval approach, 

Ant Colony Optimization, Evolutionary Programming , Mixed integer programming , and 

some other heuristic approaches , of course other studies have also been presented [10-

23]. An analytical method for optimal DG location is proposed in [Gautam]. Authors 

proposed in [24] decision made by system planner (DMSP) approach for allocation of 

DGs in the system and optimization method consists of minimizing loss and cost. Authors 

in references [25, 26] proposed an artificial intelligent method used for DG allocation. 

Teaching-learning based optimization (TLBO) algorithm for economic analysis of unit 

commitment with integration of distributed energy resources is proposed in  [27, 28]. A 

mixed integer non-linear programming (MINLP) approach has been proposed to 

determining optimal location and number of distributed generator in pool electricity 

market for minimization of fuel cost and transmission losses [29, 30]. Most of the authors 

have considered wind power sources along with fossil fuel based sources with fuel cost 

minimization for DG allocation, loss minimization. Solar PV system along with its cost 

function needs to be modeled in the optimization problem formulation along with 

conventional generators for analyzing the impact of solar PV system on the system 

performance.   

In this paper, analysis has been carried out with solar based PV system as a DG. 

The solar PV power has been obtained based on β function. The solar PV cost 

function has been incorporated along with cost of conventional generators. A mixed 

integer nonlinear programming (MINLP) approach has been utilized for determining 

optimal location and number of distributed generators. The pattern of the nodal 

prices has been obtained without and with solar PV DG considering its cost 

function.  The voltage and loss profile has also been obtained without and with solar 

PV DG for comparison. The impact of realistic ZIP load has also been considered 

along with constant P,Q load model. The proposed MINLP based optimization 

approach has been applied for IEEE 24 bus reliability test system.  

 

2. PV-based DG Power and Cost Function 

PV module output power is depend upon the main three factors: (i) solar irradiance, (ii) 

ambient temperature of the site and (iii) characteristics of module itself. In this analysis 

we use two type of PV module [31]. PV-based DG system required rating is MW but the 

PV module rating is very small in W. Thus PV panel consisting of 2600 module for 

achieved this rating. The output powers of each PV plant (PV1 plant, PV2 plant) are 

obtained 24 hours based on three years of the collected data and the 24 hours output 

power of the each PV plant. But we have use the average power output of day in the every 

PV plant. The average value of active and reactive power generation of each PV plant, 

PV1plant active power is 0.2162 MW and reactive power is 0.0308 MW, and PV2 plant 

active power is 0.3348 MW and 0.047 MW are the reactive power of the PV plant. 
2)( PVPVPVPVPV PcPbacP    (1) 

Where P(c) is the cost function of PV-based DG and PPV is the generated power in 

MW. The aPV ,  bPV  , cPV  are cost coefficient of PV plants in $, $/MWh, $/MWh2 . In PV1 

plants cost function (aPV   = 4.45$, bPV =29.30 $/MWh, cPV= 0.0055 $/MWh2) and PV2 

plant cost function (aPV   = 4.46$, bPV =29.58 $/MWh, cPV= 0.0055 $/MWh2) are refer to 

[32]. 
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3. General OPF Formulation 

A general mathematical model minimizing fuel cost of conventional generators and the 

cost function of solar PV based power source has been considered subject to satisfying the 

equality and inequality constraints is: 

Min  int,, ghF  (2) 

Subject to equality and inequality constraints defined as 

  0,, int ghx  (3) 

  0,, int ghu  (4) 

Where, 

h is state vector of variables V, δ;  

g are the control parameters, Pgk,Qgk, PPVk, QPVk;  
int  is an integer variable with values {0, 1}. The zero value means without and one 

value mean with distributed generator in the network. 

Objective function F with only cost function of conventional generators is 

Min      












 
 gNk

gkgkgkgkgk PcPbaghF 2int,,   (5) 

The objective function is the total fuel cost of conventional generators only in equation 

(5).  

The objective functions of combined cost (fuel cost of convectional generators+ DG 

cost) in equation (6). 

     












 
 PVg Nk

PVkPVkPVkPVkPVkk

Nk

gkgkgkgkgk PcPbaPcPbapghF 2int2int,,,   (6)  

The line flows from bus-k to bus-j and bus-j to bus-k are given as: 

    jkkjjkkjjkkjkkjl BGVVGVP   sincos2
 (7) 

    jkkjjkkjjkkjjjkl BGVVGVP   sincos2
 (8) 

A. Equality Constraints:  

(a) The presence of distributed generation for all buses, modified equality constraints 

of real and reactive power flow equations as 

bdkPVkkgkk NkPPPP ,2,1int     (9) 

bdkPVkkgkk NkQQQQ ,2,1int     (10)    

     bjkkjjkkjj

N

j

kk NkBGVVP
b

,2,1sincos
1




  (11) 

     bjkkjjkkjj

N

j

kk NkBGVVQ
b

,2,1cossin
1




  (12) 

(b) System real and reactive power balance equations: Define total power generation 

real and reactive (PGT,QGT), total power demand real and reactive (PDT,QDT), and total real 

and reactive power loss (PLT,QLT), the system real and reactive power balance equations 

can be written as: 

0 DTLTGT PPP  (13) 

0 DTLTGT QQQ  (14) 

Using general loss formula, total real and reactive power loss can be expressed as [31]: 

    
 


b bN

k

N

j

kjjkkjjkjkkjLT PQPQQQPPP
1 1

  (15) 
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    
 


b bN

k

N

j

kjjkkjjkjkkjLT PQPQQQPPQ
1 1

  (16) 

 jk

jk

kj

kj
VV

R
  cos  (17) 

 jk

jk

kj

kj
VV

R
  sin  (18) 

 jk

jk

kj

kj
VV

X
  cos  (19) 

 jk

jk

kj

kj
VV

X
  sin  (20) 

B. Inequality constraints: 

(a) Real power generation limit of generators at bus-k 

ggkgkgk NkPPP ,2,1,maxmin   (21) 

(b) Reactive power generation limit of generators and other reactive sources at bus-k 

qgkgkgk NkQQQ ,2,1,maxmin   (22) 

(c) Voltage limit at bus-k 

bkkk NkVVV ,2,1,maxmin   (23) 

(d) Phase angle limit at bus-k 

bkkk Nk ,2,1,maxmin    (24) 

(e) Line flow limits: These constraints represent maximum power flow in a 

transmission line and are based on thermal and stability considerations.  
max

kjkj SS   (25) 

(f)  two new inequality constraints are added in an OPF model with solar PV based 

distributed generation.  

C. Power generation limit: This includes the upper and lower real power generation 

limit of generators at bus-k 

(a) Real power generation limit 

PVPVkPVkPVk NkPPP ,2,1,maxmin   (26) 

(b) Reactive power generation limit 

PVPVkPVkPVk NkQQQ ,2,1,maxmin   (27) 

(c) Optimal number of distributed generators: This includes the limit on number of 

maximum distributed generators in the network. 

max

1

int

PV

Npv

k

kPV NN 


  (28) 

 

4. Zip Load Model 

The load is modeled as polynomial load [33, 34] as: 

)( 2

pppodz CVBVAPP   (29) 

)( 2

qqqodz CVBVAQQ    (30) 

)()( qqqppp CBACBA   (31) 

Where 
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V is the p.u. value of the node voltage; Po, Qo are the real power and reactive power 

consumed at the specific node under the reference voltage; Ap, Aq are the parameters for 

constant impedance (constant Z) load component; Bp, Bq are the parameters for constant 

current (constant I) load component;   Cp, Cq are the parameters for constant power 

(constant P and Q) load component. 

The values of Ap, Aq , Bp, Bq  and Cp, Cq  are determined for different load types in 

distribution systems. Usually experimental or experience values could be used. In the case 

of zip load, the different possible values of zip load coefficient are taken at each bus.  

(a)Without PV-based DG, power balance equations are: 

bdzkgkk NkPPP ,2,1  (32) 

bdzkgkk NkQQQ ,2,1  (33) 

 (b) With PV-based DG 

With distributed generation the real and reactive power constraints are modified in the 

presence of zip load as:  

bdzkPVkkgkk NkPPPP ,2,1int    (34) 

bdzkPVkkgkk NkQQQQ ,2,1int    (35) 

The spot price of real and reactive power has been obtained without and with solar PV 

in pool based electricity market model. The general form of Lagrange equation can be 

written as: 

       



n

j

jjk

m

k

k XgXhXFXL
11

,,   (36) 

At the optimal point, the following conditions must be satisfied as: 

 

 (37) 

 

 

Inequality constraints will be active only if the gradient of the function and constraints 

are opposite as:   00  k

T
gF   

Where, X are the variables, k are the Lagrange multipliers corresponding to all 

equality constraints, and μk are the Lagrange multipliers corresponding to inequality 

constraints. In (38), these Lagrange multipliers have been represented with different 

symbols for each equality and inequality constraints for distinction. The Langrangian 

function for the nodal price determination can be written as a function of Pkand Qk as:  
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Knowing Lagrangian function, real and reactive power nodal price at any bus-k can be 

determined as the partial derivative of the Lagrangian function with respect to injected 

real and reactive power equated to zero as; 0




kP

L
, 0




kQ

L
. 

The marginal price of real and reactive power at each generator node can be obtained 

as: 

 







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



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
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
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
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
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k
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k
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k

pk
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P

P

P

PC
b  1minmax

 (39) 
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


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






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
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






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k

LT
ql

k

LT
plkkqk

Q

Q

Q

P
1minmax   (40) 

 

5. Results and Discussion 

The proposed approach has been applied to IEEE 24-bus reliability test system for an 

optimal distribution generation location [35]. The results have been obtained for fuel cost, 

losses, power generation schedule for conventional and distributed generators in the 

presence of DGs. Five different cases have been considered for analysis. The results have 

also been obtained with and without presence of DGs for comparison. The maximum 

number of DGs is defined in the optimization problem for the different cases. The results 

are also obtained with constant PQ load and Zip load and results also comparison for both 

load. The results are given in tabular form in Tables 1 to 4. 

Results have been obtained considering different cases with different number of 

distributed generators.  

Case 1: (without PV-based distributed generator) 

Case 2:  (with one PV-based distributed generator)  

Case 3:  (With two PV-based distributed generators)  

Case 4 :( with three PV-based distributed generators) 

Case 5: (With four PV-based distributed generators)  

 The results obtained without and with PV-based DG, Table1 contains the result 

of the minimization fuel cost including PV-based DG cost with constant load and 

Table 2 contains the result of the same problem with Zip load. Each table contains 

the value of fuel cost, DG cost, total active and reactive power loss, optimal location 

and size of DGs, and conventional generation schedule. 

 

5.1. Results Without and with Solar PV based DG with Constant P, Q and Zip Load 

Model  

The results have been obtained without and with solar PV based DG considering the 

cost of cost of both conventional generators and DGs. The results have been obtained for 

constant P,Q load as well as ZIP load model. The results have also been obtained without 

consideration of cost of solar PV for comparison. 
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5.1.1. Results with Solar PV Cost Function  

Table 1. Results for Minimization of Combined Cost with Constant Load 

 Case1 Case 2 Case 3 Case 4 

Fuel cost+ 
DG (PV) 
cost($/h) 

14624.93
36 

14628.55
15 

14631.90
93 

14634.70
96 

DG cost($/h) 0 10.7849 25.1488 39.5128 

PLT(p.u.MW) 0.4738 0.4714 0.4725 0.4660 

QLT(p.u.MVar
) 

-1.2694 -1.3323 -1.3873 -1.4511 

Total 
load(p.u.MW) 

28.5 28.5 28.5 28.5 

Total 
load(p.u.MVar) 

5.8 5.8 5.8 5.8 

Optimal bus 
location of 
DG(PV) 

0 3 3,10 3,4,10 

Total DG(PV) 
size(p.u.MW) 

0 0.2162 
 

0.5510 
 

0.8858 
 

Total DG(PV) 
size(p.u.MVar) 

0 0.0308 
 

0.0318 
 

0.0795 
 

Pg(p.u.MW) 28.9738 28.7552 28.4215 28.0802 

Qg (p.u.MVar) 4.5306 4.4369 4.3809 4.2694 

Table 2. Results for Minimization of Combined Cost with Zip Load 

 Case1 Case 2 Case 3 Case 4 

Fuel cost+ 
DG (PV) 
cost($/h) 

14620.08
89 

14621.62
11 

14625.30
22 

14628.02
75 

DG cost($/h) 0 10.7849 25.1488 39.5128 

PLT(p.u.MW)  0.4988 0.4910 0.4977 0.4939 

QLT(p.u.MV
ar) 

-0.8233 -0.9005 -0.9299 -0.9522 

Total 
load(p.u.MW) 

28.2833 28.2060 
 

28.2084 
 

28.1911 
 

Total 
load(p.u.MVar) 

5.7558 5.7401 
 

5.7406 
 

5.7371 
 

Optimal bus 
location of 
DG(PV) 

0 3 3,10 3,4,10 

Total 
DG(PV) 
size(p.u.MW) 

0 0.2162 
 

0.5510 
 

0.8858 
 

Total 
DG(PV) 
size(p.u.MVar) 

0 0.0308 
 

0.0418 
 

0.0895 
 

Pg(p.u.MW) 28.7821 
 

28.4807 
 

28.1551 27.7992 
 

Qg 
(p.u.MVar) 

4.9325 4.8088 
 

4.7789 
 

4.7054 
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The simulation of combined cost (fuel cost including DG cost) have been determined 

by solving nonlinear optimization problem. It has been observed the nodal price variations 

for both real and reactive power at each with and without the presence of distributed 

generation for the different cases with and without Zip load. The marginal price variations 

are shown in Figures 1, 2, 5 and 6. In Figures 1 and 5 marginal prices for active power are 

shown with constant and Zip load respectively. It is observed from Figure 1 and 5 that in 

the presence of PV-based DGs, the nodal prices have been considerably reduced and the 

variation of real power prices has also become uniform at all the buses. It is also observed 

that with Zip load the nodal price are less than with the constant load. With constant load 

the minimum marginal price occur at bus 7 whereas with zip load minimum marginal 

price occur at bus 22.  With the presence of PV-based DGs, it is observed that two price 

zones can be represented by single price zone. Thus, the consumers in both the zones will 

pay similar price. The best results have been obtained in Case5 (with four PV-based 

DGs). With more penetration of DGs in the network, the improvement in the result is 

found to be marginal. 

 

 

Figure 1. Active Power Marginal Cost ($/MWh) with Constant Load 

 

Figure 2. Reactive Power Marginal Cost ($/MWh) with Constant Load 
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Figure 3. Voltage Profile with Constant Load 

 

Figure 4. PV-based DG Size (p.u MW) with Constant Load 

 

Figure 5. Active Power Marginal Cost ($/MWh) with Zip Load 
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Figure 6. Reactive Power Marginal Cost ($/MWh) with Zip Load 

 

Figure 7. Voltage Profile with Zip Load 

 

Figure 8. PV-based DG Size (p.u.MW) with Zip Load 
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The reactive power price variation with and without PV-based DGs shows in Figure 2 

and 6, with constant and Zip load respectively. It is observed from Figure 2 and 6 that the 

reactive power price is high at nodes 6 with constant load and with Zip load as compared 

to other buses. Because at these nodes the reactive power absorption is quite high due to 

the presence of reactor and transformers. Figure 3 and 7 has shown the voltage profile 

with constant and Zip load model respectively. The number of PV-based DGs increase 

thus improves the voltage profile of the system. The size of PV-based DGs for optimal 

location with constant and Zip load model are same its shown in Figure 4 and 8. 

 

5.1.1.2. Comparison of Constant and Zip Load with Combine Fuel Cost Case 

 

 

Figure 9. Average Power Marginal Cost ($/MWh) with Constant and Zip Load 

 

Figure 10. Combine (Convectional + DG) Generator Fuel Cost ($/hr) with 
Constant and Zip Load 

The average nodal price variation for each case is shown in the Figure 9 for both load 

cases. It is observed that nodal price reduces considerably in the presence of PV-based 

DGs. For Case1 and Case2 average real power price with zip load is more than with 

constant load. Case3, Case4 and Case5 average real power price with constant load is 

more than Zip load. It is observed that with both load (constant load and Zip load) the 

Case5 (with four PV-based DGs) average nodal price are minimum. The fuel cost 
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increased in the presence of PV-based DGs with constant as well as Zip load is shown in 

Figure 10. But the marginal nodal price are reduces thus the overall cost are minimize. It 

can be seen that the saving in fuel cost of conventional generator is more with Zip load 

than the saving with constant load for all the cases.  

 

 

Figure 11. Total Active Power Loss (p.uMW) with Constant and Zip Load 

 

Figure 12. Penetration Level in % with Constant and Zip Load 

The impact on the real power loss in the presence of PV-based DGs is shown in Figure 

11. The above data series is given for Zip load and below data series is given for constant 

load. The system total loss Case1( without PV-based DG ) with constant load are 0.4738 

(MW) and with Zip load total loss are 0.4988 (MW). In Case2 (with one PV-based DG) 

the system loss are 0.4714 MW (with constant load) and 0.4910 MW (with Zip load). In 

Case3 (with two PV-based DGs) the total real power loss are 0.4725 MW (with constant 

load) and 0.4977 MW (with Zip load). There is considerable reduction in losses in each 

case. In case4 (with three PV-based DGs) the total real power loss are 0.4660 MW (with 

constant load) and 0.4939 MW (with Zip load). In case5 the real power loss are 0.4642 

MW (with constant load) and 0.4925 MW (with Zip load). It is observed that losses are 

considerably reducing with PV-based DG and maximum reduction take place in Case5 

(with four PV-based DG) for each load model. With Zip load losses are more as 

compared to the constant load. 
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The distributed generation share for different cases is shown in Figure 12. In Figure 12, 

above data line has shown the penetration level of Zip load and below data line shown the 

penetration level of constant load.  In all Cases (Case2, Case3, Case4 and Case5) the 

penetration level is slightly more in case of Zip load than with constant load. It is 

observed that the saving is more with solar power available in the power system. Optimal 

number of PV-based DGs required obtaining best results of fuel cost savings is found to 

be four with both constant as well as Zip load.  

 

5.1.2. Results with Solar PV DG without Considering Cost of DGs 

We have also obtained the results without and with PV-based DG without 

considering cost of DGs.Table 3 contains the result of the minimization fuel cost of 

convectional generator without considering PV-based DG cost with constant load 

and Table 4 contains the result of the same problem with Zip load. Each table 

contains the value of fuel cost, DG cost, total active and reactive power loss, 

optimal location and size of DGs, and conventional generation schedule.  

Table 3. Results for Minimization of Fuel Cost of Conventional Generator 
only with Constant Load  

 Case1 Case 2 Case 3 Case 4 

Fuel cost+ 
DG (PV) 
cost($/h) 

14624.93
36 

14613.30
22 

14605.80
36 

14598.67
28 

DG cost($/h) 0 14.3639 25.1488 35.9337 

PLT(p.u.MW) 0.4738 0.4663 0.4639 0.4618 

QLT(p.u.MV
ar) 

-1.2694 -1.3390 -1.3657 -1.4258 

Total 
load(p.u.MW) 

28.5 28.5 28.5 28.5 

Total 
load(p.u.MVar) 

5.8 5.8 5.8 5.8 

Optimal bus 
location of 
DG(PV) 

- 4 4,5 3,4,5 

Total 
DG(PV) 
size(p.u.MW) 

0 0.3348 
 

0.5510 
 

0.7672 
 

Total 
DG(PV) 
size(p.u.MVar) 

0 0.0477 
 

0.0487 
 

0.0795 
 

Pg(p.u.MW) 14624.93
36 

14613.30
22 

14605.80
36 

14598.67
28 

Qg 
(p.u.MVar) 

0 14.3639 25.1488 35.9337 
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Table 4. Results for Minimization of Fuel Cost of Conventional Generator 
only with Zip Load  

 Case1 Case 2 Case 3 Case 4 

Fuel cost+ 
DG (PV) 
cost($/h) 

14620.08
89 

14610.83
62 

14599.03
72 

14591.70
42 

DG cost($/h) 0 10.7849 25.1488 35.9337 

PLT(p.u.MW)  0.4988 0.4910 0.4905 0.4885 

QLT(p.u.MV
ar) 

-0.8233 -0.9005 -0.8993 -0.9291 

Total 
load(p.u.MW) 

28.2833 28.2060 
 

28.1915 
 

28.1927 
 

Total 
load(p.u.MVar) 

5.7558 5.7401 
 

5.7372 
 

5.7374 
 

Optimal bus 
location of 
DG(PV) 

0 3 3,4 3,4,5 

Total 
DG(PV) 
size(p.u.MW) 

0 0.2162 
 

0.5510 
 

0.7672 
 

Total 
DG(PV) 
size(p.u.MVar) 

0 0.0308 
 

0.0785 
 

0.0795 
 

Pg(p.u.MW) 28.7821 
 

28.4807 
 

28.1310 
 

27.9140 
 

Qg 
(p.u.MVar) 

4.9325 
 

4.8088 
 

4.7594 
 

4.7288 
 

 
5.1.2.1. Comparison of Constant and Zip Load with Convectional Generator Fuel 

Cost Case 

Figure13 has shown the average nodal price variation at each bus with constant and Zip 

load for comparison. It is observed that nodal price reduces considerably in the presence 

of PV-based DGs and become almost uniform. With PV-based DGs, the price of real 

power is almost uniform in both the zones and customers pay similar price in both the 

zones. The maximum reduction occurs in marginal price for Case5 with four PV-based 

DGs, for constant as well as Zip load. For Case1, Case2, average real nodal price with zip 

load is more than with constant load. In Case3, Case4 and Case5 average real nodal price 

with Zip load is less than with constant load.  
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Figure 13. Average Real Power Marginal Cost ($/MWh) with Constant and 
Zip Load 

The fuel cost reduction in the presence of PV-based DGs with constant as well as Zip 

load is shown in Figure 14. It can be seen that the reduction in fuel cost of conventional 

generator is more with Zip load than the reduction with constant load. The fuel cost 

reduces for all the cases. Minimum fuel cost is found in Case5 (with four PV-based DGs). 

 

 

Figure 14. Fuel Cost ($/h) of Convectional Generator with Constant and Zip 
Load 
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Figure 15. Total Active Power Loss (p.u MW) with Constant and Zip Load 

The impact on the real power loss in the presence of PV-based DGs is shown in Figure 

15. The above data series are given for Zip load and below data series is given for 

constant load. The total active power loss Case1 (without PV-based DG) are 0.4738 MW 

(with constant load) and 0.4988 MW (with zip load).In Case2 (with one PV-based DG) 

the system loss are 0.4663 MW (with constant load) and 0.4910 MW (with zip load). In 

Case3 (with two PV-based DGs) the total real power loss are 0.4639 MW (with constant 

load) and 0.4905 MW (with zip load). There is considerable reduction in losses in each 

case. In Case4 (with three PV-based DGs) the total real power loss are 0.4618 MW (with 

constant load) and 0.4885 MW (with zip load). In Case5 (with four PV-based DGs) the 

real power loss are 0.4642 MW (with constant load) and 0.4925 MW (with zip load). It is 

observed that losses are considerably reduced with PV-based DG and maximum reduction 

take place in Case4 (with three PV-based DG) for each load model. With zip load Losses 

are more as compared to the constant load. 

The ratio of DG size to the total demand in the system is called the penetration level of 

the DGs. The distributed generation share for different cases has been shown in Figure16. 

The penetration level is slightly more in case of Zip load than with constant load. It is 

observed that the fuel cost saving is higher with more penetrations level of PV-based 

DGs. Optimal number of PV-based DGs required obtaining best results of fuel cost 

minimization is found to be four with both constant as well as zip load. 
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Figure 16. Penetration Level in % with Constant and Zip Load 

 

6. Conclusions 

In this paper, analysis has been carried out with solar PV system in the network.  

Different cases have been considered with solar PV. The cost function of solar PV system 

has been considered in the objective function. The mixed integer non-linear programming 

approach has been utilized for optimal location and optimal number of distributed 

generators. It is observed that with PV-based DGs, the marginal nodal prices of both real 

and reactive power reduce at each bus. Load model has considerable impact on the prices, 

losses, and voltage profile. With increase in penetration level of DGs, the losses reduce 

considerably. The fuel cost reduces with. The minimum fuel cost in Case5 with four DG 

of conventional generator 14588.9549 $/hr (with constant load) and 14582.0349$/hr (with 

zip load).  
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