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Abstract 

Wind power integration in electrical utilities all over the world is increasing manifold due to environmental degradation 
concerns, technological innovations in turbine technology, smart grid initiatives, and competitive electricity market operation. In 
this paper, impact of distributed generation is presented on fuel cost and nodal prices in mix of pool and bilateral electricity 
market. In this paper, the main contributions are: (i) Mixed integer nonlinear programming (MINLP) approach for determining 
optimal location and number of distributed generators (ii) impact of wind power output on nodal prices of real and reactive power 
with wind power variation during 24 hours. The proposed MINLP based optimization approach has been applied for IEEE 24 bus 
reliability test system. 
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1. Introduction 

Many different techniques were developed and reported in the literature for problem of optimum size and 
location of DG units. Minimizing the power losses and improving the voltage profile are main objective function for 
the problem of DG integration [1-6].  Lagrangian based approach, Tabu search, Genetic algorithm, was proposed for 
optimal location of DGs considering loss reduction, voltage profile improvement, economic as well as stability limit 
criteria in [7-10]. A combined method based on improved PSO and Monte Cario simulation for optimal allocation of 
DG units in order to minimize the cost of power losses and improve the voltage profile and reliability was proposed 
in [11]. A combined solution based GA and PSO, OPF and discrete form of PSO for DRG allocation in order to 
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minimize power losses, improve voltage stability, and enhance voltage regulation that considering security 
constraints was proposed in [12,13]. A multi-objective optimization approach using evolutionary algorithm for 
sizing and siting of distribution generation in distribution system has been presented in [14-16]. A dynamic 
programming for multi-objective DG allocation for power losses minimization, voltage profile improvement and 
reliability enhancement has been proposed [17]. A theoretical in sigh to a competitive market integration mechanism 
for DG in a pool based system and multi-objective optimization for DG allocation for loss reduction and voltage 
improvement was proposed in [18, 19]. A mixed integer nonlinear programming (MINLP) approach for determining 
optimal location and number of distributed generator considering minimization of transmission loss with the 
presence of DFIG [20, 21]. The impact of wind speed variation has also been incorporated in the optimization model 
for obtaining the impact of DFIG output on the transmission loss. Large scale wind farm integration issues with 
dynamic model and optimal generation control aspects were presented in [22-25]. With competitive electricity 
market evolution and different ways of trading power, it is essential to consider impact of wind source integration on 
losses, voltage profile and nodal prices of both real and reactive power. 

In this paper, the main contributions are: (i) Mixed integer nonlinear programming (MINLP) approach for 
determining optimal location and number of distributed generators considering minimization of fuel cost of 
conventional generator and cost of distributed generators in bilateral electricity market, (ii) impact of wind power 
output on nodal prices of real and reactive power with wind power variation during 24 hours. The proposed MINLP 
based optimization approach has been applied for IEEE 24 bus reliability test system. The optimization problems 
have been solved using MTLAB and GAMS interfacing with DICOPT solver in GAMS [27- 28]. 

 
Nomenclature 

x state variables Voltage, angle, V, δ  
u  control parameters Pgi,Qgi, PDGi, QDGi, Pgpi, and Pgbi 
Voltage limit maxmin , ii VV

 
Angle limit maxmin , ii δδ

 
Limit on generation on DG max

,
min

, , kDGikDGi PP
 

Bilateral transaction matrix GD
 

2. Mathematical model formulation 

The power output of the DG is taken for 24 hours and impact of DG has been determined on scheduling of 
conventional generators in hybrid electricity market.  

The objective function is Min ( )int,, ξuxF   (1) 

Subject to equality and inequality constraints defined as 

( ) 0,, int =ξuxh      (2) 

( ) 0,, int ≤ξuxg     (3) 

where, 

 x is  state vector of variables V, δ;  

u  are the control parameters, Pgi,Qgi, PDGi, QDGi, Pgpi, and Pgbi;  

intξ  is an integer variable with values {0,1}. The zero value represents absence and one value represents presence 

of distributed generator in the network. 

The objective function taking variation of power for 24 hour is 



https://isiarticles.com/article/104820

