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ABSTRACT: 

 In this paper a methodology with Pseudo power load flow implementation has been presented to remove 

extra burden on slack bus in both economic and environmental aspects. Using this methodology, the effect 

of nature of power plant (Thermal/Gas) has been analyzed on the generation cost, emission and power loss 

distribution.  This work can be applied to any system as it is not dependent on type as well as the nature of 

system. The complete methodology has been tested on IEEE-30 bus test system with supporting numerical 

and graphical results. 

 

Index Terms: economic, emission, slack bus, power flow, economic dispatch. 

 

1.INTRODUCTION:  
 

In the past few decades, the demand for electricity has been increasing drastically day-by-day. This needs 

to operate and control the power system effectively. The conventional load flow solution methods such as 

Gauss Siedal, Newton-Raphson, Decoupled, Fast decoupled, etc suffers from solving the realistic system 

conditions such as wide angle voltage profiles. Similarly, the total power losses are allocated to slack bus 

which increases the burden on slack generator. These methods work independent of the system objectives 

hence it is very difficult to obtain optimized cost and emission values. By considering all these aspects, in 

this work, a Pseudo load flow solution technique based on approximated power flow equations are 

formulated using truncated taylor series expansion. Similarly, loss distribution algorithm based on 

participation factors is developed to distribute losses to all generators to minimize burden on slack 

generator. 

The literature highlights, power flow analysis is one of the most essential part of analysis of power 

system [1-6]. In conventional power flow analysis main drawbacks are one is unrealistic allocation of losses 

to slack bus only but practically it is not feasible in the power system operation [7]. Other one is violation 

of equal incremental cost criteria for slack bus. Such case arises due to slack generation which is obtained 

after the power flow solution. Thus researchers have concentrated in removing the burden on slack bus by 

distributing loss to all the remaining generators while satisfying equal incremental cost criteria in economic 

load dispatch problems. Economic and environmental dispatch problems are solved using different 

methods. 

 The literature [8,9] presents a methodology to distribution of generation based on the frequency 

deviation. This method works based on automatic generation control using frequency characteristics. In 

[10], another technique based on NR load flow method is presented. In this method, loss term is introduced. 

In [11-13], the slack burden is removed in consideration with losses in economic aspect is presented. 
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However, these methods suffer from the highest computational calculations and increased mathematical 

complexity.   

 From the literature, it is noted that, the burden on slack bus can be removed with a sense of 

economic aspect. As the generator has both economic and emission characteristics, approximated using 

quadratic curve. Hence it is motivated that, the burden on slack bus can be released not only in economic 

aspect but also in emission aspect also. In this chapter, a new methodology to remove burden on slack bus 

in emission aspect in Pseudo load flow formulation is presented. The comparative analysis for economic 

and emission aspects is presented.  

 

 

2. PSEUDO POWER FLOW PROBLEM FORMULATION 

The conventional AC load flow equations in polar form can be written as: 

 kmkmkmm

k

kk δδθcosYVVP      

 kmkmkmm

k

kk δδθsinYVVQ  
   

 

By approximating trigonometric functions using truncated Taylors series approximations  

 mkmk δδ)δ(δsin 
    

 

1)δ(δcos mk 
     

 

Using Eqns (3.1) and (3.2), the load flow equations in expanded form can be written as 
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By applying trigonometric approximations, the Pseudo power injections at bus-k 

are
  mkkmkmkmm

k
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Similarly, Pseudo power injections at bus-m are  

                

  mkmkkmkmm
k

km δδθsinθcosYVVP                     
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k
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3. LOSS DISTRIBUTION METHODOLOGY 

 

3.1Modeling in economic aspects: 

The objective function is to minimize the overall cost of production of power generation. Let us 

consider is the total number of units in the system (‘NG’) and cost of power generation (‘Ci(PGi)’ ) of  unit-

i, which is given for each plant. The total generation fuel cost objective function is defined as 

    $/hcPbPaPCFC
NG

1i

iGii

2

GiiGi

NG

1i

i 

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Where, αi, bi, ci are the fuel cost coefficients of ith unit. 

 

The economic power system operation needs to satisfy the following equality constraint  

Without losses: 0PP D

NG

1i

Gi




;  With losses: 0PPP LD

NG

1i

Gi




  

By considering the above constrained optimization problem along with the equality constraint can 

be solved by using the Lagrangian multiplier (λ). Then, the augmented fuel cost function becomes,  
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 The condition for optimality of this augmented function is 
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After solving Eqn (4.5) using Eqn (4.4), we get the necessary conditions for optimal dispatch when 

losses are neglected is as follows: 
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After solving Eqn.(4.6) using Eqn.(4.2), we get  
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From this condition,
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By applying summation on both sides for all generators, 
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To remove extra burden on slack bus, the PGi including power losses can be calculated as 
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In Eqn.(4.10), the first three terms refers to scheduled generation, hence, the new generation 

becomes 
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Where 
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1
LCF  is called as Loss Contribution Factor for cost minimization criteria. 

In this process (new)P
iG

is rescheduled accordingly based on the respective minimum and maximum 

generation limits. For example if (new)P
iG

 violates min

GiP , (new)P
iG

fixed at minimum and the remaining 

generators are rescheduled using load dispatch. 

 

3.2Modeling in emission aspects: 

The total emission objective function is defined as 
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NG

1i

iiiGi

NG

1i

i
2

GiGi


 
   

 

Where, αi, βi, γi, ξi, ri are the emission coefficients of ith unit. 

 

The environmental concern of power system operation needs to satisfy the following equality 

constraint  
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By considering the above constrained optimization problem along with the equality constraint can 

be solved by using the Lagrangian multiplier (λ). Then, the augmented emission function becomes,  
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 The condition for optimality of this augmented function is 
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After solving Eqn (4.24) using Eqn (4.23), we get the necessary conditions for optimal dispatch 

when losses are neglected is as follows: 
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After solving Eqn.(4.25) using Eqn.(4.21), we get  
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By applying summation on both sides for all generators, 
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To remove extra burden on slack bus, the PGi including power losses can be calculated as 
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In Eqn.(4.29), the first three terms refers to scheduled generation, hence, the new generation 

becomes 
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LCF  is called as Loss Contribution Factor for emission minimization 

criteria. 

 

 

 

 

4. PROCEDURE FOR THE IMPLEMENTATION OF PROPOSED METHODOLOGY 

The flow chart for the modified load dispatch problem in economic and environmental aspects is 

shown in Fig.1. 
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Fig.1 Flow chart for the modified ELD problem 

 

 

 

5. RESULTS AND ANALYSIS 

To show effectiveness of environmental aspects for loss distribution algorithm with load flow 

formulation, IEEE 30 bus test system is considered. 

 For IEEE-30 bus system, the generator fuel cost coefficients and the fuel emission 

coefficients are given in Tables. A1and A2. The results for the generations in economic and emission 

aspects have been compared and tabulated in Table.4.1, 4.2 and 4.3. From these tables, it is identified that, 

the generations are rescheduled to minimize the respective objectives. It is also observed that, while 

minimizing one of the objectives, the value of the other objective is increased. For example, while 

minimizing the generation fuel cost, the value of the emission is increased, this in turn increases the total 

generation and there by the total power loss and vice-versa. The variation of generations in economic and 

emission aspects for without and with slack distribution is shown in Fig.2. From this figure, it is observed 

that, with loss distribution, the generation value of generators is increased when compared to without loss 

distribution. Similarly, the variation of generations without and with loss distribution in economic and 

emission aspects is shown in Fig.3. 
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           Table.1 Loss distribution based generations in environmental aspect for IEEE-30 bus system  

 

                                
                                   

                       Table.2 Loss distribution based generations in economic aspect for IEEE-30 bus system 
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Table.3 Comparison of loss distribution based generations in economic and environmental aspects 

for IEEE-30 bus system 

 
 

  

 
 

Fig.2 Variation of generations in economic and emission aspects without for IEEE-30 bus system 
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Fig.3 Variation of generations without and with loss distribution in economic and emission aspects 

for IEEE-30 bus system 

 

  

6. CONCLUSION 

  A methodology has been presented to remove extra burden on slack bus in both economic and 

emission aspects. Using this methodology, the effect of nature of power plant (Thermal/Gas) has been 

analyzed on the system objectives. From the analysis, it has been identified, in economic aspect, the 

Thermal generators have increased their generation where as gas generators have decreased, and in emission 

aspect the gas generators have increased their generation where as thermal generators have decreased. Using 

loss distribution algorithm, the loss has been distributed to generators in an IEEE 30 bus system based on 

the cost and emission coefficients..  

 

 

 

APPENDIX 

Table.A1 Generator fuel cost coefficients for IEEE-30 bus system 
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Table.A2 Generator fuel emission coefficients for IEEE-30 bus system 
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