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Abstract—The ELD (Economic load dispatch) is the one of the 
critical problem in distribution network. It includes cost 
maintenance and determining the size of the distribution network. 
This can be performed by selecting the position for Distributed 
Generator (DG) to maintain the power in distribution network. 
The power flow optimization is done by the proposed method helps 
to maintain power in an economical manner. In the proposed 
work, Bacterial Foraging Optimization (BFO) is utilized to 
improve the quality of the output.The optimal power flow analysis 
is undertaken to schedule and maintain the power balance in 
distribution network. The generator cost and emission is 
calculated based generator power, which enables to optimize the 
cost and emission of the generator. The experimental analysis is 
made by performing the simulation in MATLAB environment 
with IEEE bus system. The setup helps to measure the power flow 
and to determine the number of generators required to maintain 
the power in the DG network. The study is evaluated with various 
performance metrics such as iteration cost, power loss, and 
emission control with quality power output compared to that of 
PSO and ACO algorithms. 
Index Terms – Economic Load Dispatch (ELD), BFO, Power 
system Analysis, IEEE 30 Bus system, DG placement, Power 
emission control. 

I. INTRODUCTION 

arge and complex network of electrical system constitutes 
a Power System. The electrical loads are generally 

distributed throughout the network, while the generations are 
made only at specific points of the network. The loads demand 
for power, while the transmission and distribution systems aid 
the power flow. Thus, with the help of an effective power 
management schemes, the Economic Load Dispatch (ELD) is 
made possible. The application of the ELD lies in plenty of 
power generation field such as power system of a small 
municipality to an entire country, its power plants etc. So, the 
national revenue can be considerable increased by reducing the 
expenditure. Successive approximation will provide a 
analytical solution to the power flow problems. While 
considering the power plant power system, it relies majorly on 
the ELD as they have huge cost of fuel, staffing, depreciation 
and maintenance cost. They spend lot of money per unit 

generation. Tones of energy gets generated every hour. They 
are monitored by several existing algorithms for optimizing the 
power flow. One such method is manual determination of 
power flow analysis. However the emission level through 
electrical components should also be minimized for pollution 
free environment. The oxide families of carbon, sulphur and 
nitrogen constitutes the greater part of electric combusting 
pollutants. Hence the fuels can be alternated to reduce the 
emission potential, few of the steps trailed for emission control 
are 
 Post-combustion cleaning system Installing  
 Load reallocation to generators 
 Alternative fuel usage 
 Revised power dispatch program 
However these methodologies demand larger cost or not 
feasible. Cost Minimization and maximizing the performance 
is the main principles of optimization. There exists several 
optimization techniques such as Genetic Algorithms, Simulated 
Annealing, Ant Colony Optimization, Particle Swarm 
Optimization, Differential Evolutionary Algorithm, Tabu 
Search, Fuzzy Logic Control, Artificial Neural Networks and 
Bacterial Foraging Optimization Algorithm. 
The demerits of the previously employed Particle Swarm 
optimization includes 
 Poor reproduction quality 
 Operational speed is low 
 The power loss was not efficiently controlled 
These disadvantages are overcome by the proposed system 
hence providing the non-convex emission constrained 
economic dispatch in the power management system effectively 
for the distribution of power.The BFO is an algorithmic 
approximation technique mimicking bacteria colony 
growth.The emission control without cost hike and economical 
load dispatch is the main objectives of the proposed system. 
Thus the work introduced self-organizing Hierarchical BFO for 
optimizing the parameters automatically. This also looks after 
the premature convergence issue related to BFO. 
The advantages of the proposed BFO are listed below. 

L
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 Real Power loss minimization 
 FVSI and L-index reduction 
 Decreased total cost  
 Improved voltage profile and  
 Enhanced voltage stability 
 Independent of the size and non-linearity of the problem 
 Simple computations 
 Global convergence 
 Faster execution 
 It consists of many objective functions than other 

optimization strategies.  
Thus, the system considers each and every individual element 
of the power system and looks in to their positioning with 
respect to the power output of the all the generating units. the 
particle is subjected to the Bacterial Foraging Algorithm to 
obtain the fitness value for all the elements in the system. This 
provides the emission control along with the optimized dispatch 
of electric power in the power management system.The 
following part of the paper is organized as follows. The prior 
works related to the DG placement and Economic Load 
Dispatch mechanism are discussed with their methodologies 
and challenges associated with the each modules of those 
systems in section II. Section III gives a detailed information on 
the proposed Bacterial Foraging Optimization (ACO) and their 
working. Section IV gives the evaluation which is supported by 
the simulation screen shots to prove their applicability in active 
DG networks. The concluding words are provided in section V. 

II. RELATED WORK 

 Basu[1] developed a hybrid method combining integrating 
bee colony optimization and Sequential Quadratic 
Programming to solve the dynamic economic dispatch problem 
of generating units with valve point impacts. The methods 
provided proper diction for ideal region, and the second 
approach further perfected the solution provided by the 
previous approach. Barisal [2] gave a new ideology named as 
Improved Particle Swarm Optimization (IPSO) for providing 
optimal power generation solution to ED problems. They dealt 
with the non-smooth cost functions based ED problems. This 
paper also considered the generator constraints, transmission 
line losses and ramp rate limits. The design was robust than the 
earlier methods like ACO, ABC, HHS, FCASA, DE and 
PSO.Cai, et al[3] presented a Fuzzy adaptive Chaotic Ant 
Swarm Optimization (FCASO) algorithm  to solve the ED 
issues with respect to thermal generators in power systems. The 
method dynamically tuned various parameters of the CASA 
method. Dieu, et al[4] developed Augmented Lagrangian 
Hopfield Network (ALHN) to solve the ED problem with 
respect to multi fuel effects. The method was simple, had fast 
convergence, provided better optimal solution, application and 
implementation was generalized and over larger scale. The 
optimal solution was found using the suitable fuel 
evaluation.Garg, et al[5] presented Hopfield Neural Network 

(HNN) for finding solution for  the problem of Economic 
Environmental Dispatch (EED). The work considered power 
balance constraints, constraints due to inequality generator 
capacity, economy and emissions. A comparative analysis was 
made to solve this bi-objective problem with other classical 
methods. 
Kavousi-Fard, et al [6] discussed about the novel bio-inspired 
Krill Herd (KH) algorithm to find solutions for the real-time ED 
issues. Later, it also modified the KH algorithm and presented 
MKH algorithm with the association of levy flight motion and 
Crossover operators. Here, constraints such as valve-loading 
effects, prohibited operating zone, spinning reserve and multi-
fuel option were considered during design, in order to improve 
the overall search skill of the algorithm.Latif and Palensky[7] 
presented an outlook of three optimization algorithms namely  
 Real coded genetic algorithm 
 Particle Swarm Optimization and  
 Bat algorithm 
The study was executed on the following two considerations 
 Simplified convex objective function in the six-generator 

power system 
 Non-convex objective function in a five generator system 
The results obtained out of the presented three algorithms were 
compared. The algorithms were modified and verified using 
lambda iteration method to apply for convex optimization. 
Mansour, et al[8] presented a different approach using PSO to 
find solution for the Economic Load Dispatch (ELD) problem. 
The study considered the generator constraints, transmission 
line losses and ramp rate limits. The design was tested using 6-
unit, 26- bus system.  Then it was comparatively studied with 
the classical lambda iteration method.Mohammadi Ivatloo, et 
al[9] proposed a new heuristic Iteration Particle Swarm 
Optimization algorithm using the Time-varying Acceleration 
co-efficients (IPSO-TVAC) to solve ED problems. The 
problem was considered to be non-convex and non-linear based 
on the impact of functions of cost, valve-points and Prohibited 
Operating Zones (POZs). The system was then tested using 
three different test systems. The property of convergence was 
high and the cost was reduced in the proposed system. Puri and 
Chouhan[10] gave a solution to ED problem with the help of 
Augmented Lagrangian Particle Swarm Optimization 
(ALPSO). Here, three generating systems were utilized for 
determining the minimum cost in various demands of power. 
Saber[11] introduced a novel Modified Particle Swarm 
Optimization (MPSO) for addressing the constrained dynamic 
Economic Dispatch (ED) issue. The algorithm composed of 
Bacterial Foraging (BF) and PSO methodologies for complex 
dynamic ED problem. The cost function can be managed with 
ease due to the absence of differentiation operation. The method 
was found to be reliable and accurate. They have the ability to 
instantaneously avoid local minima. Sharma and 
Mahor[12]reviewed on the Particle Swarm Optimization based 
solutions for Economic load Dispatch (ELD). The main aim of 
the proposed method was to allocate the requirement to the 
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assigned generator. However, the method may have sub-
optimal operation and major loss of revenue may occur. 
Vaisakh, et al[13] discussed on a heuristic hybrid optimization 
methodology called, Bacterial Foraging PSO-DE (BPSO-DE) 
algorithm. It was a hybrid technique to eradicate the stagnation 
problem by achieving the best bacterium selection for best 
foraging with the help of Chemo-tactic PSO operator. The 
obtained solution was further perfected by the DE operator. The 
performance evaluation was performed using 6-generator, 26-
bus test system with 39-IEEE bus system.  
 Wang and Li[14] proposed a Differential Harmony Search 
(DHS) algorithm for solving non-convex ED problem. The 
algorithm was the combination of differential evolution and 
harmony search. The work was carried out by adjusting the 
pitch by various mutation operation and memory 
considerations. The work also introduced a repair procedure 
and three rules for selection in order to handle the constraints. 
The experimental simulations were made by considering the 
impacts of valve points multi-fuels, ramp-rate limit and 
prohibited time-zones. Yang, et al[15] developed Firefly 
Algorithm (FA) for the determination of a compatible solution 
foe ED problems. The study considered many constraints for 
practical viability 
 Non-linear characteristics of power generators 
 Operational constraints of power generators 
 Non-linear cost functions 
 Ramp rate limits  

The system performance was evaluated using four ED test 
systems with non-convex solution spaces.  

 

III. PROPOSED METHOD 

 The dispatching of power to various loads economically is 
the objective of the proposed system. The problem statement is 
given with an optimal solution using the bio-inspired bacterial 
foraging algorithm. Fig. 1 presents the Bacterial Foraging 
Optimization (BFO) block diagram to be applied for power 
balancing in the distributed generation systems. The building 
blocks of the proposed system are given as 
1. IEEE Bus 30 System 
2. Power Flow Analysis 
3. BF Optimization 
4. Economic Dispatch 
 

 
Fig.1 Block Diagram of the proposed System 

 
1. IEEE standard Bus 30 System 
 Data transfer system is significant for proper reception of 
date without fault or loss during traversal that should have 
certain guidelines to channelize them in an efficient manner. 
The IEEE bus system provides an efficient platform to provide 
with the standard solution for the problems associated with the 
power system. IEEE-30 is a medium sized system which has 
the test cases. The system with 11kV and 1kV base voltages 
will require about 33kV bus system. There is no line limits for 
the IEEE-30 bus systems. In the proposed work, IEEE-30 
standard bus system can be utilized based on the requirement of 
type of generation, quantity of generators, reliability. The 
standard grid values are provided by the IEEE association. The 
obtained bus data are sent to the optimization block along with 
line data. 
2. Power Flow Analysis 
  The power flow of the designed system is studied in this 
section. This study helps to decide upon the operating state of 
the whole power system. The power system includes the 
network of generators, transmission lines and every loads. With 
the data available for certain quantities helps to estimate the 
amount of power generated and consumed at various locations. 
Thus the block makes a power flow analysis so as to determine 
on the other quantities.  
3. BF Optimization 
 The proposed work utilizes the theory of bacterial foraging 
for power loss minimization and economic load dispatch in a 
power system. The main concept of BF involves around the 
steps of chemotaxis, swarming, reproduction and elimination 
and dispersal.  
Chemotaxis: This process simulates the movement of an 
Escherichia coli (E.coli) cell through swimming and tumbling 
via flagella.The dimension of the E.coli is comparable to the 
particle space of the power system. It can swim for a period of 
time in the same direction or it may tumble and alternate 
between these two modes of operation for the entire lifetime. 
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Swarming: The group behavior of various species of bacteria 
by forming spatio-temporal patterns called swarms. The release 
of attractant chemical enables all the bacteria to get aggregated 
as groups to move in concentric patterns. 
Reproduction: The size of the swarms is maintained by the 
unique reproduction behavior of bacteria. They split into two 
whenever the objective function yield lower value balanced by 
the death of least healthy bacteria. Fig. 2 illustrates the bacterial 
foraging behavior through aschematic process flow diagram. 
4. Economic Dispatch  
 The search and seeking of favorable environment by the 
BFO ends up by providing quality solutions based on natural 
selection of the fittest particle in the power system. The demand 
based dispatch of the power eliminates the unfavorable DG 
placement and unnecessary loss due to emissions. 
 

 
Fig. 2 Bacterial Foraging Optimization (BFO) Algorithm 

 Thus presenting the novel idea of bacterial behavior pattern 
for efficient DG placement over an active distributed network 
so as to obtain an optimal power flow with the following 
advantages over the other existing methods 
 Minimum costs 
 Best Optimal Solution  
 Non-convex emission control 
 Economic load dispatch 

IV. PERFORMANCE ANALYSIS 

 Though various evolutionary algorithms have been 
proposed to solve the problem of non-convex emission 
constrained ELD, the bio-inspired algorithm suits well for 
providing solutions to the analytical problems. Bacterial 
Foraging Optimization (BFO) performs better than Particle 
Swarm Optimization (PSO) and Ant Colony Optimization 
(ACO). The proposed BFO is experimented in the windows 
operating system using MATLAB software application for 
power flow balance.The performance of the proposed system 
can be measured in-terms of the following parameters such as 
1. Total Loss 
2. Power Quality 
3. Emission Control 
4. Total Cost 
These serves as a metric to evaluate the quality of the power 
distributed through the network with greater consideration to 
the economic power usage. 
1. Total Loss: 
 The loss incurred by the power system due to the power 
loss in the transmission systems such as transformers, overhead 
lines, cables and other electric utilities are termed as total loss 
of the system. Fig. 3 depicts the reduced total loss compared to 
that of the previous optimization strategies like PSO and ACO. 
Hence, BFO is proved to have minimum total losses among the 
optimization strategies compared. 
 

 
Fig. 3 Total loss of PSO, ACO and BFO 

2. Power Quality: 
 The quality of the power output is being increased while 
reducing the cost of the computation and their expenditure due 
to power emission at electric utilities and dispatch of load 
economically becomes feasible with the proposed BFO 
algorithm. The graph presented Epoch against Gbestin Fig. 4 
shows the improved performance of the proposed BFO. The 
Loss before optimization accounts to 43.208dB and loss after 
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PS Optimization is computed to be 22.5DB and they are further 
reduced to9.1db after BF optimization. 

 
Fig. 4BFO arriving with the best Power Quality 

 
3. Emission Control:  
 The proposed optimization strategy provides the solution 
for power plant emissions. The emission level must be 
maintained under recommended standard so as to avoid any 
hazardous effects. Fig. 5 illustrates the comparative analysis of 
the emissions in particle swarm optimization (PSO), Ant 
Colony Optimizations and proposed Bacterial Foraging 
Optimizations (BFO). 
 

 
Fig. 5 Emission Control analysis of PSO, ACO and BFO 

 
4. Total Cost 
 The cost incurred by the power system management 
scheme after employing various blocks for obtaining an optimal 
solution is given by total cost. Fig. 6 provides a comparative 
analysis of the costs incurred by the proposed Bacterial 

Foraging Optimizations (BFO). The graph shows expenditure 
costed for applying the proposed optimization over the 
conventional power system yields greater performance by 
saving the national costs associated with maintenance. The 
economical load dispatch is hence achived. 

 
Fig. 6 Total Cost of PSO, ACO and BFO 

V. CONCLUSION AND FUTURE WORK 

 Modern day energy management system, emphasizes the 
need for Economic Load Dispatch (ELD) in order to reduce the 
cost of real generation. In the proposed work IEEE 30 bus 
system is used for determine the power flow and associated 
emissions of the DG network. Based on the studied data, an 
efficient optimization strategy is employed. Here, the self – 
adaptive Bacterial Foraging Optimization (BFO) is utilized for 
optimizing the DG localization and Economic dispatch. In these 
optimization the obtained result has higher accuracy by 
reducing the total loss. This optimization defines theplace of 
generator installation based on the power flow analysis. Also, 
BFO provides the details on the dispatch of power to the loads 
with respect to the demand. The proposed Optimization strategy 
is proved to be efficient than the other strategies by means of 
the simulations is done through MATLAB. The output 
parameters such as total power loss, emission control, power 
quality and cost. The results are verified against the state-of-art 
methodologies. 
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