
ECONOMIC DISPATCH OF MICROGRID 
USING FLOWER POLLINATION 

ALGORITHM 
Ramesh Ramachandaran1, and P. Avirajamanjula1 

1Department of Electrical and Electronics Engineering, PRIST University, 
Tami Nadu. India. 

 

ABSTRACT  
This paper exploits the flower pollination algorithm to solve the ED 

problem in a microgrid. The generation units in a microgrid can have 
different fuel utilization curves. The most proficiency ordinarily occurs when 
the generators are loaded at near rated capacity, with larger generators being 
typically more proficient than the smaller generators. Considering fuel 
consumption as the essential cost, each generation unit has a different cost 
function. With a specific end goal to limit fuel use, a more sophisticated 
dispatch approach is required. This paper uses the flower pollination 
algorithm to develop a scheme for economic dispatch of generation units to 
loads in a microgrid. By using flower pollination algorithm, the true optimum 
can be found in the sense of minimizing the fuel consumption. This is the most 
economic way of dispatching the generated power to loads. The main idea of 
this work is presented via numerical examples. The simulation results based 
on a standard test system demonstrate the effectiveness of the proposed 
algorithm. Simulation results based on the proposed method are compared 
with other existing algorithms, showing that our approach reduces the fuel 
usage compared to current standard methods.  

Key words: Economic dispatch, flower pollination algorithm, microgrid, 
power system. 

_____________________________________________________________________ 

1. INTRODUCTION  
Economic Dispatch (ED) is an extensively studied problem in power system research 
[1]. ED problem is a mathematical optimization problem and it is an important issue 
in power system operation. The aim objective of the ED problem is to minimize the 
fuel usage, while at the same time ensuring the total generator output power meets the 
total power demand [2]. In the classical dispatch of large generation stations, the 
dispatch schemes are generally centralized [3]. The power system is moving from the 
classic centralized structure to the distributed structure with the plug-and-play feature 
of distributed generators and loads [4]. The introduction of a microgrid in power 
system will bring many potential benefits to consumers, where several of these 
generators with the same or different rated output power are interconnected to provide 
sufficient power to multiple loads. It is generally accepted that microgrids are small 
power systems with enough local power generation to supply entirely a local load 
demand (or at least a significant portion of it) and have the ability to work in grid-
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connected or islanded modes of operation [5]. Properly designed and equipped with 
economic load dispatch, such a microgrid can minimize the fuel consumption and 
improve power stability [6]. The optimal economic generator dispatch for a microgrid 
would find useful application in many other (smart grid) areas [7]. 

Microgrid poses a great challenge to the energy management of the future power 
systems. For example, the traditional centralized energy management system needs 
the connection and transmission of global information, which will impose a 
substantial computation burden on the energy management system. When new 
generators and loads are installed, the centralized algorithms may need to be 
redesigned. Moreover, the centralized scheme may be susceptible to single-point-
failures [8]. Microgrids are different from traditional centralized electricity networks, 
which transmit vast amounts of electrical energy across long distances at very high 
voltages [9]. Microgrids are similar to utility scale power grids, which generate, 
transmit and regulate electricity to consumers, but do so locally. By 
connecting/disconnectiong microgrids with utility grids, microgrids can provide 
valuable services to both utilities and customers. For large power systems, unit 
commitment is a well established topic within the topic of ED. For microgrids, there 
is an important difference with respect to large power systems that needs to be made 
clear.  

Committing a unit in a large power system usually means bringing into production 
a large power plant (such as a hydro generator) of several hundreds if not thousands 
of megawatts. In the context of a microgrid, committing a unit usually means bringing 
online a generator of several tens of kilowatts to few megawatts. The difference is not 
only related to the size but also to the complexity of the logistics behind each action. 
A microgrid customer could be a university, a local community (small town), or a 
commercial campus. A typical microgrid may have several generators in the size 
range of several tens of kilowatts to few megawatts [5]. The generators are 
comparatively small, and so it is feasible to switch them so as to increase the 
frequency at which a particular plant is recalled for operation [5]. 

Power generation has seen an increased penetration of microgrid in recent times. 
The microgrid generators (MG) are defined as the generation of electricity by 
facilities that are sufficiently smaller than central generating plants so as to allow 
interconnection at nearly any point in a microgrid [10]. It is also known as micro-
sources widely [11]. Frequently, MG is placed near loads to avoid transmission 
losses. MG is not a replacement of traditional centralized generation (CG), but it 
provides a reliable, high efficiency and economical way to provide sufficient power to 
load center. A microgrid scheme should seek to achieve the following goals [12] such 
as cost reduction for consumer and utilities, integration and promotion of renewable 
resources, improvement of the reliability of the present system, reduction of the 
environmental impact due to load growth. The proposed generation units optimal 
dispatch approach is designed for microgrids, since the number of generation units is 
limited, which constrains the computational complexity. 

Different techniques have been reported in the literature pertaining to ED 
problem. The typical dispatch algorithms include gradient algorithm (GA) [13], 
lambda iteration method [14], genetic algorithm (GA) [15], particle dynamic 
programming (PSO) [16], swarm algorithm [17], and so on. Some other optimization 
techniques have been also applied for solving ED problems. The PSO has attracted 
many researchers’ sights due to its simplicity and effectiveness. PSO, inspired from 
bird flocking and fish schooling, is a flexible, robust, population based algorithm that 
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are adopted by many people for solving ELD problems and various power system 
problems. However, it is slow to converge and the processes of the exploration and 
exploitation contradict with each other, so the two abilities should be well balanced 
for achieving good optimization performance. On the other hand, flower pollination 
algorithm (FPA) has only one key parameter p (switch probability) which makes the 
algorithm easier to implement and faster to reach optimum solution. Moreover, this 
transferring switch between local and global pollination can guarantee escaping from 
local minimum solution [18]. FPA was first developed by Yang in 2012. It is inspired 
by the pollination process of flowering plants that has its own feasibility and 
performance capacity to solve different classical and modern optimization problems 
effectively and efficiently. It is classified as a meta-heuristic algorithm. From the 
biological evolution point of view the objective of flower pollination is the survival of 
the fittest and the most optimum reproduction of plants [19]. Yang proved that the 
FPA is simple, very efficient and can outperform both genetic algorithm and particle 
swarm optimization. Its convergence rate is essentially exponential. The application 
of FPA is also extended to power dispatch problem [20]. 

This paper exploits the flower pollination algorithm (FPA) to solve the ED 
problem in a microgrid. The use of the FPA algorithm to solve the generation units 
optimal dispatch problem in microgrid is therefore justifiable by the method produces 
optimal solutions and outperforms near optimal solver with respect to computation 
time. The rest of the proposed research paper is sorted into five sections. The optimal 
economic dispatch problem formulation is portrayed in section 2. Section 3 elucidates 
the philosophy of the FPA strategy for solving generation units optimal dispatch 
problem in microgrid. Section 4 delineated the Matlab simulation results. Finally in 
section 5, we present some concluding remarks 

2. ECONOMIC DISPATCH PROBLEM 
The dispatch problem may be formulated as a nonlinear constrained problem [13]. 
The ED problem assumes quadratic cost function along with system power demand 
and operational limit constraints. Consider a microgrid with n generation units and 
each generation unit having its own input-output characteristic curve. This curve can 
be formulated by a quadratic function [21], 

 
2
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We define Gi as output power in a fraction of maximum rated power. 
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where, ai, bi, and ci are cost coefficients of the ith unit (typically obtained via 
identification experiments or manufacturer specifications), Pi is the real power output 
of ith unit, Min

iP and Max
iP is upper bound of the ith unit.  

Suppose Fi is the fuel consumption of generation unit i (whilst producing 
corresponding output power Pi), and it varies from a minimum Fi

Min to a maximum 
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Note of course that Pi and Fi are both physical quantities, which only assume non-
negative values. Note further that Gi varies between 0 and 1 (i.e., zero power to 
maximum power), but when the generation unit is idling at zero output power, it still 
consumes some fuel. Hence, fi varies from a small positive value to 1 (i.e., idling to 
maximum fuel usage). As mentioned above, the objective of ED problem is to 
minimize the fuel cost of committed generators (units) subjected to operating 
constraints. Thus the power dispatch problem can be formulated as, 

 n
M ax

T i i
i 1

Min F F f
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Subject to constraints, 
 n
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where, FT is the total fuel, PD is the total demand, Min
iP is the lower bound of the ith 

unit. The equality constraint, (5) states that the total generated power should be 
balanced by power consumption while (6) denoting unit’s operation constraints. In the 
summary, the objective of economic power dispatch optimization is to minimize FT 
subject to the constraints (5) and (6). 

3. FLOWER POLLINATION ALGORITHM (FPA) 
Flower Pollination Algorithm is a new population-based optimization technique that 

was developed by Xin-She Yang [18]. It mimics the flower pollination behavior. 
Pollination is a natural physiological process of mating in plants which associated 
with transfer of pollen by pollinators such as insects etc. 

A. Characteristics of Flower Pollination  

There are two types of pollination. The first one is Self-pollination which takes 
place when the pollen from one flower fertilizes the same flower. The other is cross 
pollination which occurs when the pollen grains are transferred to a flower from a 
different plant.  

On the other hand, there are various methods that the flowers attempt to spread their 
pollen. One of them is abiotic pollination where the pollen is transferred by the help 
of the wind. Another one is biotic pollination which occurs via insects, bats, birds and 
other animals. Moreover flower constancy has been observed for insect pollinators 
specially honeybees. These pollinators tend to visit specific flowers species 
exclusively, ignoring the other species, thus maximizing the reproduction of the same 
flower species.  

From the biological evolution point of view, the goal of flower pollination is the 
survival of the fittest and the optimum reproduction of plants in terms of numbers as 
well as the fittest. This may be regarded as an optimizing process of plants species 
[18]. To develop the FPA, there are four rules should be summarized as follows:  

1. Biotic and cross-pollination may be regarded as a global pollination process, and 
pollen-carrying pollinators can fly a long distance, which obeys Lévy flights (Rule 1).  

2. A biotic and self-pollination can be considered as local pollination, (Rule 2).  
3. Flower constancy may be regarded as an equivalent to a reproduction probability 

that is proportionate to the similarity of two flowers involved (Rule3).  
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4. The switching of local pollination and global pollination is controlled by a switch 
probability p 2 [0 1] (Rule 4).  

Now the rules are converted to the following mathematical equations: For the global 
pollination step (Rule 1), and flower constancy (Rule 3) can be represented 
mathematically as [13],  

 
)xg)((Lxx t

i*
t
i

1t
i    (7)  

where 
t
ix is the pollen i or the solution vector xi at iteration t and g* is the best 

solution.   is a scaling factor to control the step size. )(L  is the Lévy flights-based 
step size, that corresponds to the strength of the pollination. Insects can fly over a 
long distance with different distance steps, this is drawn from a Lévy distribution 
[18]. 
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Here is the gamma function, and this distribution is valid for large steps s > 
0.  

For the local pollination, both (Rule 2) and flower constancy (Rule 3) can be 
represented as [13]  
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where ; are pollen from different flowers of the same plant species. If and 

 come from the same species or are selected from the same population, this 
equivalently becomes a local random walk if is drawn from a uniform distribution 
in [0,1] [18]. 

Flower pollination activities can occur at all scales, both local and global. Hence to 
switch between them, a switch probability (Rule 4) or proximity probability can be 
effectively used [18].  

A Number of runs have been performed before being able to adjust the parameters 
of the proposed algorithm. It was concluded that a population size N = 25 is adequate 
for the ED problems. The maximum number of iterations is chosen as (N_iter) = 500. 
The probability switch P = 0.8 is obtained from [19]. 
 The purpose of this paper is to investigate the capability and effectiveness of 
FPA when applying to ED problems that are frequently encountered in power system 
industry.  

B. IMPLEMENTATION 

The candidate solution is encoded in vector form as xi = [xi1, xi2, …, xin]T, for i = 1 
to m and j = 1 to n, where xij denotes the output power of the jth committed units for 
the ith candidate solution, m is the number of candidate solutions and n is the number 
of units. Now, taking PFA as kernel, the developed algorithm for ED problems are 
summarized below. 

Step 1: Initialize a population of m flowers/pollen gametes with random solutions 
Step 2: Find the best solution g∗ in the initial population 

)(

t
jx t

kx t
jx

t
kx



International Journal of Scientific Research and Review

Volume 8, Issue 2, 2019

ISSN NO: 2279-543X

Page No: 436



Step 3: Define a switch probability p ∈ [0, 1]. Define a stopping criterion (either a 
fixed number of generations/iterations or accuracy). In this application, we assumed 
stopping criterion as maximum iteration (tmax). Set initial iteration count as t = 1. 

Step 4: For all flowers in the population from 1 to m, perform global pollination 
using (6) and (7) if rand < p; or else perform local pollination using (8) and . 

Step 5: For all flowers, evaluate new solutions using switch probability. 
Step 6: If the new solutions are better, update them in the population 
Step 7: Find the current best solution g∗ among the flowers in the population. 
Step 8: If the convergence criteria are satisfied (t equals tmax), output the best 

solution for ED problem; otherwise set t = t + 1, and repeat the step 4 to 8. 

To verify the effectiveness and capability of the proposed method, a microgrid 
with five generation units is used for analysis and the results are reported in the next 
section. 

4. RESULTS AND DISCUSSIONS 
In this section, the simulation results of FPA based dispatch method and existing 
standard dispatch methods are compared. The existing methods used for comparison 
includes GA [15], PSO [17] and simulated annealing algorithm (SA) [22].  The 
presented flower pollination algorithm has been tested on a microgrid with five 
generation units. The algorithm is implemented in MATLAB simulation software. 
The cost coefficients and generation limits are given in Table 1 [6].   

 
Table 1 Cost coefficient and power limits of 5-unit microgrid 

No Pmax (kW) a b c Fmax (gal/h) 

1 20 0.071428571 0.753571429 0.183928571 1.6 
2 30 0.064285714 0.748214286 0.193035714 2.9 
3 40 0.057142857 0.742857143 0.202142857 4 
4 60 0.103512881 0.689929742 0.203881733 4.8 
5 150 0.167758847 0.676277851 0.160419397 10.9 

 

In this simulation study, the total demand power (PD) sweeps from 50kW to the 
total rated output power 300kW. Table 2 illustrates the simulation results of economic 
power dispatch for the 5-unit microgrid with six different load demands (50, 100, 150, 
200, 250 and 300 kW). Each column in Table 3 presents the optimal power dispatch 
of each generator units for all the six load demands. Computational time for each load 
levels is also depicted in Table 2.   

A comparison analysis of the proposed FPA based economic power dispatch 
problem and the other existing techniques are illustrated in Table 3. In this case study, 
four different loading conditions (200, 225, 250 and 275 kW) are considered for 
comparative analysis. It is clearly seen from Table 3 that the fuel costs obtained by 
flower pollination algorithm is minimum for all the four loading conditions when 
compared to GA, PSO and SA. Similarly, the average computational time for the 
presented FPA method is lesser than other methods. The convergence characteristic of 
the proposed FPA to solve ED problem in 5-unit microgrid at 250kW load demand is 
shown in Figure 1. Hence, we see that the FPA based ED problem in microgrid is the 
best in terms of fuel economy. Therefore, it is concluded that presented flower 
pollination algorithm is better than GA, PSO and SA methods. 
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Table 2 Results of ED for the 5-unit microgrid (FPA) 
 

Load (kW) 50 100 150 200 250 300 

P1 (kW) 0 0 0 0 20 20 
P2 (kW) 0 0 0 0 19.56 30 
P3 (kW) 0 0 0 0 0.44 40 
P4 (kW) 0 0 0 50.45 60 60 
P5 (kW) 50 100 150 149.55 150 150 
Fuel cost 
(gal/h) 

6.9493 9.5087 12.0681 14.8728 18.1004 21.8113 

CPU time (sec) 1.708 1. 449 0.544 0.941 1.1261 1.8801 

 
 

Table 3 Comparison of results of fuel cost (gal/h)  
 

Load (kW) GA [15] PSO [17] SA [22] FPA 

200 15.5603 15.209 14.873 14.8728 
225 16.6512 16.448 16.342 16.3416 
250 18.5898 18.3423 18.1167 18.1004 
275 20.2423 20.0468 19.9754 19.9602 

Average CPU 
time (sec) 

3.52 3.07 2.24 1.82 

 

 
Figure 1 Convergence characteristic of FPA for 5-unit microgrid (Load: 250kW) 
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5. CONCLUSION 
In this paper, a flower pollination algorithm is developed for optimal economic 
dispatch in a microgrid. The primary objective is to minimize fuel consumption, 
which has significant practical meaning for smart grid systems. Simulation testing 
showed that the flower pollination algorithm is the most economical, regardless of the 
system structure and operation situation. Standard existing dispatch methods can have 
similar performance in the right circumstances, but they all also exhibited poor 
performance under other circumstances, and the flower pollination algorithm was the 
only one that always dispatched the generators in the most economical manner. The 
proposed approach has a diversity-preserving mechanism to find optimal solution. 
The conclusion obtained is that flower pollination algorithm can give a better solution 
than the other methods such as SA, PSO and GA techniques. It can be concluded that 
the flower pollination algorithm is capable of giving the optimal solution to such 
optimization problem in a microgrid. 
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