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AbstractCombined economic emission dispatch problem deal with the scheduling the combined 
generating units output to fulfill load demand at minimum operating cost and minimum emission 
level simultaneously. The two objective problems are converted to single objective function and 
Ant colony system is proposed to solve the problem for two power stations. The study reveals 
that the proposed approach is an efficient one for CEED problem solving approach. 
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Introduction 

Electrical Power, being the most refined form of energy, is associated with the system like generation, transmission, 
distribution of  loads. The main aim of the electrical power system is to give high quality reliable cheapest power within certain 
limits and constraints on the generators. This leads to formulation of the economic load dispatch (ELD) problem for exploring 
the optimal combination of output power of all generators for a minimum cost within certain equality and non equality 
constraints. On the other hand, the energy conversion processes, particularly thermal power plants , are creating  ever 
increasing threat to the environment in respect of pollution , which necessitates some  steps to limit the emission of pollutants 
in economic power dispatch.  Thus a combined economic emission dispatch (CEED) becomes an important optimization 
problem with an aim to dispatch the electric power,  taking into account both economic and environmental  concerns.  

Power system optimization  associates with complex and non –linear characteristics with many equality and non equality 
constraints. Either classical or evolutionary optimization techniques may be employed to solve  the problems.  Linear 
programming , quadratic Programming,  Newton’s method, Interior point method  are the examples of Traditional optimization 
methods while Genetic algorithm, Particle swarm optimization, differential evolution, Ant-colony optimization etc are some 
evolutionary optimization methods. 

In conventional optimization method , the function, which must have convexity and continuous variable, must be at least twice 
differentiable  However power system optimization problems do not have these characteristics.    As the input – output 
characteristic of  generators are not always smooth, combined economic emission dispatch (CEED) is a non convex optimization 
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problem , which is not easily solvable by traditional optimization method.    In such situation, Evolutionary optimization become 
the alternative to solve optimization problem  of power system with non-convex ,non-differentiable and discontinuous 
function.  But premature convergence and  stagnation  become an obstacle for direct use of evolutionary optimization method 
in power system.  

Therefore,  a  new  and improved optimization technique for power system optimization problem become necessary . To over 
come the lacuna of both traditional and evolutionary optimization techniques,  motivation to search a new improvised 
optimization technique become predominant. 

The concept of hybrid algorithm ,combining conventional and evolutionary optimization,  is an outcome of such motivation. 

Power System Optimization:  

The Important power system planning and operation problem have been formulated  as mathematical optimization problem. 
These problems are solved for minimum operating cost within asset of equality and in equality constraints.  
Mathematically 
Min f(x) 
Subject to  
G(x)=0                                                (2.1.1) 
h(x) ≤ 0                                              (2.1.2) 
where x is a set of decision variable vector, f(x) is the objective function, g(x) is the equality constraints,  and h(x) is the 
inequality constraints 
When environmental criteria is considered, the economic dispatch may not be optimum. Harmful ecological effects by the 
emission of gaseous pollutant from fossil fuel  power plant can be reduced by proper load allocation among the various 
generating units of the plant . But this load allocation can result increased operating cost. A balanced result between emission and 
cost is to be found out. This can be achieved by combined economic emission problem. This dual objective problem is converted  
to a single objective function using a price penalty factor approach, 
Objective Function: 
  Optimization of generation cost has been formulated based on classical ELD with emission and line flow constraints . The 
detailed problem is given [16] as follows. 

 
     F = Min∑ 푓 (퐹퐶,퐸퐶)                           (3.1.1)                                                  
  Where F is the optimal cost of generation. 
    FC and EC are total fuel cost and emission costs of generators, respectively. 
    “ d” represents the number of generators connected in the network. 
   The minimum value of the above objective function has to the found out subject      to constraints given by the equations (2.1.1) 
and (2.1.2) 

∑Pi=PD +PL                            (3.1.2) 

Where   PD = Total load of the system 
              PL =Transmission loss of the system 
 Pi

min ≤ P ≤ Pi
max                        ( 3.1.3) 

 Where  Pi
min =minimum real power at ith generator 

            Pi
max = maximum real power at ith generator   

 
i-I 

    The power flow equation of the power network [16] 
 
           푔(|푉|,훿) = 0                                         (3.1.4)                                                                                   
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 Where   

     푔(|푉|,훿) =    
푃 (|푉|,훿) − 푃
푄 (|푉|,훿) − 푄

	푃 , (|푉|,훿) − 푃 ,

  (3.1.5)                                        

                     
Where   푃  and 푄  are calculated real and reactive power for PQ bus i, 
     Respectively; 
          푃  and 푃 ,  are calculated and specified real power for PQ bus I, 
    Respectively; 

     
         

       	푃 ,  and  푃 ,  are calculated and specified real power for PV bus m, 

    Respectively; 
 

       |푉| and 훿 are voltage magnitudes and phase angles of different buses. 
 
The inequality constraints on voltage of each PQ bus  
 

        푉 (푖) ≤ 푉 ≤ 푉 (푖)                                (3.1.6) 
                                                           

      Where  

 푉 (푖) and 푉 (푖) are minimum and maximum voltage at bus I, 
     Respectively; 
The maximum power limit on transmission line  is given by 
  

	퐿푓 ≤ 퐿푓                                     (3.1.7) 

                                                     

        Where   nl  represents number of lines, 

  퐿푓    is the calculated line flow of each transmission line, 

   퐿푓  is the rated line flow of each transmission line. 

  Total fuel cost of generation FC in terms of control variables generator powers can be expressed as follows   퐹퐶(푃) =
	∑ 푎 푃 + 푏 푃 + 푐 	$/ℎ      (3.1.8)                       

 Where   푃   is the real power output of an ith generator in MW , 

   i represents  the  corresponding generator, 

  푎  , 푏  , 푐  are the fuel cost coefficients of generators. 

The total emission release can be expressed [16] as 

   퐸퐶(푃) = 	∑ 훼 푃 + 훽 푃 + 훾 	푘푔/ℎ       ( 3.1.9) 
 
  (  Where  훼    ,	훽   ,	훾     are emission coefficients of generators.) 
The dual-objective combined economic emission dispatch problem is converted into single optimization problem by 

introducing a price penalty factor  h  as follows, 
  MinimizeΦ = 퐹퐶 + ℎ × 퐸퐶								$/ℎ               (3.1.10) 
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Subjected to the power flow constraints of equation[ (2.1.1),(2.1.2),(3.1.1),(3.1.2) and (3.1.3)]. The price penalty factor   
h blends the emission with fuel cost and  Φ  is the total operating cost in $/h. 

The price penalty factorh   is the ratio between the maximum fuel cost and maximum emission of corresponding 
generator,      

ℎ = ( )					  $/kg    I = 1,2,………,d   (3.1.11)                            

                                                     
The following steps are used to find the price penalty factor for a particular load demand; 

1. Find the ratio between maximum fuel cost and maximum emission of each generator 
2. Arrange the values of price penalty factor in ascending order. 
3. Add the maximum capacity of each unit (푃 ) one at a time, starting from the smallest  hi   

until∑(푃 ) 	 ≥ 푃  . 
4. At this stage , hi associated with the last unit in the process is the price penalty factor  h  for the given load. 

 
The above procedure gives the approximate value of price penalty factor computation for the corresponding load demand. Hence 
a modified price penalty factor (ℎ ) is used to give the exact value for the particular load demand . the first two steps of  h 
computation remain the same for the calculation of modified price penalty factor. Then it is calculated by interpolating the values 
of h , corresponding to their load demand values.  
 Ant-colony optimization (shortest path to food particle): 

 

 

The social behavior of the ants are the used to formulate the algorithm of Ant-colony optimization. Ants 
are capable of finding the shortest path between nest and food-source. They are doing this by trailing of 
pheromone by the ants. Pheromone is deposited by the ants in their travelling paths . This  deposited 
pheromone  helps  as indirect communication . As in the figure , the ants are randomly  make rotation 
around the obstacle. At first, same amount of pheromone  is deposited in each route.  After finding out 
the shorter distance from the nest to the food, , food is carried through  the shorter route , increasing 
the deposition of pheromone in the shorter root. as shown in the above figure. Subsequently more and 
more ants start to come to the food through the shorter route recognize d by gradually increasing 
pheromone.  Ultimately this autocatalytic process  leads all the ants to follow the shorter route to the 
food.  

During application of Ant colony Algorithm, each ant can take choose S numbers of path to the food. 
These paths or routes are called variables associated with each ant. Ant colony Algorithm can handle the 
descript problem only. 

 

http://www.ijntse.com


Ritunjoy Bhuyan  et. al. / International Journal of New Technologies in Science and Engineering 
Vol. 3, Issue 2,Feb 2016, ISSN 2349-0780 

Available online @ www.ijntse.com                                                                      31 

 

Flow chart 
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Conclusion;  Ant Optimization Technique can be applied only for discrete problem.   With this AC 
optimization technique, for a discrete problem with almost  same minimum project duration  &  almost 
same average project duration ,  the minimum cost and average cost as calculated by Genetic  Algorithm 
,Memetic  Algorithm ,Particle  Swam Optimization , Ant  Colony Optimization  and Suffle Frog Leaping,   
ACO  has  the minimum processing time  and the percentage of success rate is better than  GA and SFL 
and  is equal to MA.  So There should be always a Hybrid approach to solve the power system 
optimization problem by Ant Colony Optimization getting  non dominated set of problem followed by 
application of a one of the above  optimization technique for improvisation of the solution.   
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