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 This paper deals with optimal location of fuel cell in distribution system. In this 

research two intelligent methods including Bacterial Foraging (BFO) and Artificial Bee 

Colony (ABC) are used to optimize the best location of fuel cell. Finally results of these 

optimizations from point of view computational time and speed convergence are 

compared and analyzed. Fuel cell cogeneration systems can have overall efficiencies 
from fuel to electricity and heat of over 80%. High overall efficiency not only saves 

fuel but also, if that fuel is a hydrocarbon such as natural gas, emissions of the principal 

greenhouse gas, CO2, are reduced as well. If fuel cells are powered by hydrogen 
obtained by electrolysis of water using renewable energy sources such as wind, 

hydroelectric, or photovoltaic, they have no greenhouse gas emissions at all. Energy use 

accounts for the dominating fraction of total sulphur dioxide (SO2), nitrogen oxide 
(NOx), volatile organic compounds (VOCs) and carbon dioxide (CO2) emissions. In 

this paper, fuel cell utilization strategy for reducing these emissions is evaluated.  
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INTRODUCTION 

 

 During recent decades, the environmental impact of energy use has been a major area of discussion and 

research. Although many policies have been implemented to reduce this impact, energy use is still a dominating 

contributor to many local, regional and global environmental problems, especially those connected with air 

pollution.  

 Energy use in the transportation sector plays a particularly important role as emissions at street level pose a 

considerable health risk. Furthermore, the emissions of nitrogen oxides (NOx), volatile organic compounds 

(VOC) and carbon monoxide (CO) from the transportation sector are high per unit energy used, compared with 

the emissions from heat and electricity production plants.  

  In the UK, the parallel objective is to generate 10% of the UK’s electricity from renewable sources by 

2010. Renewable electricity has become synonymous with CO2 reduction [1]. However, the relationship 

between renewable and CO2 reduction in the power generation sector does not appear to have been examined in 

detail, and the likelihood, scale, and cost of emissions abatement from renewable is very poorly understood. 

 Related issues, such as installation plans, financial incentives, feed-in tariffs, export credit subsidies, R&D, 

purchasing rates, and government tendering have been discussed to promote policy tools, and assist in the early 

steps of private investment.  It is a universal problem that the investment of renewable energy resources 

including solar power, wind energy, fuel cell or hybrid configuration of these resources technologies requires 

support and incentives in most economies as long as prices for fossil fuels fail to reflect the negative 

externalities on the environment [2, 3].  

 The characteristics of solar power include high capacity cost, and low CO2 emissions as compared to fossil-

fuel plants. If CO2 emissions could be charged in the future electricity market, the environmental benefits of 

solar power can be increased [4, 7]. 

 As a national priority, renewable energy resources applications to offset the dependence on fossil fuels 

provide green power options for atmospheric emissions curtailment and provision of peak load shaving are 

being put in policy [4]. 
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 Authors in [5] used multi-objective genetic algorithm, in order to calculate reliability/cost implications of 

hybrid PV/wind energy system in small isolated power systems. Yang developed a novel optimization sizing 

model for hybrid solar–wind power generation system [6]. In [7] an automatic multi-objective optimization 

procedure base on fuzzy logic for grid connected HSWPS design is described. 

  

1. Basic Operation of Fuel Cells: 

 There are many variations on the basic fuel cell concept, but a common configuration looks something like 

Fig.1. As shown there, a single cell consists of two porous gas diffusion electrodes separated by an electrolyte. It 

is the choice of electrolyte that distinguishes one fuel cell type from another. 

 

 
 

Fig. 1: Basic configuration of a proton-exchange membrane (PEM) fuel cell. 

 

 The electrolyte as shown in Fig.1 consists of a thin membrane that is capable of conducting positive ions 

but not electrons or neutral gases. Guided by the flow field plates, fuel (hydrogen) is introduced on one side of 

the cell while an oxidizer (oxygen) enters from the opposite side. The entering hydrogen gas has a slight 

tendency to dissociate into protons and electrons as follows: 

(1) 
  e2H2H2 

 This dissociation can be encouraged by coating the electrodes or membrane with catalysts to help drive the 

reaction to the right. Since the hydrogen gas releases protons in the vicinity of the electrode on the left (the 

anode), there will be a concentration gradient across the membrane between the two electrodes. This gradient 

will cause protons to diffuse through the membrane leaving electrons behind [8].  

 As a result, the cathode takes on appositive charge with respect to the anode. Those electrons that had been 

left behind are drawn toward the positively charged cathode; but since they can’t pass through the membrane, 

they must find some other route. If an external circuit is created between the electrodes, the electrons will take 

that path to get to the cathode. The resulting flow of electrons through the external circuit delivers energy to the 

load. 

 Fuel cell (FC) technology is based on the concept of direct electrochemical energy conversion. The fuel 

cells are modular, efficient and have a lower environmental impact. Like batteries, FCs can be connected 

together in series to produce higher voltages. Clean, quiet, efficient, and compact, FCs generate electricity 

through chemistry instead of combustion [9]. The FCs has numerous stand-alone and grid-connected 

applications. 

 A large number of FC systems for stationary power generation have been installed worldwide for use in 

hospitals, hotels, office buildings, schools, utility power plants and even airport terminals. As shown in Fig.2. In 

standalone mode, Fuel cells are also being tested for use at landfill and wastewater treatment plants. Fuel cells 

are of critical importance to manned space missions. [9-10]. FCs are being used for portable electronics like 

laptop computers, cellular phones or even hearing aids. An FC produces electricity and significant amount of 

heat, so it is possible to heat water and help to generate heat without using any additional energy. 

 

 
 

Fig. 2: Stand-alone mode of fuel cell for clean energy production. 

 

 As shown in Fig.3 in grid connected mode, fuel is connected to system through a DC/DC converter. 
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 Distributed generation (DG) can be defined as the implementation of various power-generating resources, 

near the site of need, either for reducing reliance on grid power or for feeding power directly in to the grid or to 

support or boost performance of weak transmission and distribution systems. 

 Some FC technologies have potential to replace conventional combustion power plants. The FC 

technologies being developed for power plants will generate electricity directly from hydrogen in the FC, but 

will also use the heat and water produce in the cell to power steam turbines and generate more electricity [8-10]. 

 

 
 

Fig. 3: Grid connected mode application of fuel cell for green energy generation. 

 

 As shown in Fig.4 if fuel cells are powered by hydrogen obtained by electrolysis of water using renewable 

energy sources such as wind, hydroelectric, or photovoltaic, they have no green house gas emissions at all.  

 

 
 

Fig.4: Powered fuel cells by hydrogen which obtained by electrolysis of water using renewable energy sources. 

 

2. Intelligent based optimization approach: 

2.1 ABC: 

 The colony of artificial bees contains three groups of bees: employed bees, onlookers and scouts. A bee 

waiting on the dance area for making decision to choose food source is called an onlooker and a bee going to the 

food source visited by it previously is named employed bee. A bee carrying out random search is called scout.  

 In the ABC algorithm, first half of the colony consists of employed artificial bees and the second half 

constitutes the onlookers. For every food source, there is only one employed bee. The employed bee whose food 

source is exhausted by the employed and onlooker bees becomes a scout. At initialization stage, a set of food 

source positions are randomly selected by the bees and their nectar amounts are determined [11].  

 These bees come into hive and share the nectar information of sources with the bees waiting on the dance 

area within the hive. After sharing the information, every employed bee goes to the food source area visited by 

her at the previous cycle since that food source exists in her memory, and then chooses a new food source by 

means of visual information in the neighborhood of the present one. Then an onlooker prefers a food source area 

depending on the nectar information distributed by the employed bees on the dance area. As the nectar amount 

of a food source increases, the probability with which that food source is chosen by an onlooker increases, too. 

After arriving at the selected area, employed bee chooses a new food source in the neighborhood of the one in 

the memory depending on visual information. Visual information is based on the comparison of food source 

positions. When the nectar of a food source is abandoned by the bees, a new food source is randomly 

determined by a scout bee and replaced with the abandoned one. In this model, at each cycle one scout goes 

outside for searching a new food source and the number of employed and onlooker bees were equal [12]. 

 

2.2 BFO: 

 The BFO algorithm was first presented by Pasino in 2002. The idea in this optimizing technique is adopted 

from biological and physical living behavior bacteria existing in human intestine. This algorithm is organized 

based on three main processes namely Chemotaxis, Reproduction, and Elimination-Dispersal.  



675                                                        
   

A. Mohammadi Rozbahani
   

et al 2014 

Advances in Environmental Biology, 8(11) Special 2014, Pages: 672-678 

 A bacterium is subject to variation during its lifetime among the two ways of swimming (swim for a short 

time) and tumbling. In BFO algorithm, one moving unit length with random directions indicates tumbling, and 

another moving unit length with the same direction relative to the final stage indicates the swimming. After the 

number of reproduction steps, the swimming process prepares the conditions for local search, and reproduction 

process speeds up the convergence. In a large space swimming and reproduction for searching global optimal 

point cannot be sufficient. In bacterial foraging, dispersion takes place after a definite number of reproduction 

processes. A bacterium is chosen with regard to a prearranged probability to be dispersed in the environment 

and moved to another position. These events can effectively prevent trapping in local optimal point [13]. 

 

3.  Economic Formulation:   

3.1 Cost-Benefit Analysis: 

 At first the general cost involved with FC optimization is presented. 

 

 The investment cost of FC units: 

(2) 





m

1i

i1 FixC 

 Where, Fix is the investment cost of FC installed. 

 Maintenance cost: 

(3) 





m

1i

i2 CMC 

CM is the maintenance cost per year. 

 

 The Profit of Emission Reduction:  

 The main profit of FC installation is the profit of CO2 sold which encourages engineering planers to 

employ the FCs in distribution systems.  

 The profit of CO2 sold,  

(4) 

c

m

1i

i3 CostPCF8760C  


 

 Where, m is the number of FCs installed, Pi is the rated real power output of FCs (kW),   is the Carbon 

exhaust coefficient (0.612 kg CO2 e/kWh) [14], Costc is the carbon trading price (NT$/ton) and CF is the 

capacity factor of FCs. 

 

3.2 Economical relations: 

 In this study, the main economical relations, employed are illustrated in detail below: 

 

 Annualized Cost: 

 It is determined by multiplying the initial cost by the capital recovery factor (CRF) and illustrated as below 

[15]: 

 
),(int, projtotann RiCRFCC 
 

             (5) 

where, CRF is determines as follows [20]: 
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 Where, Rproj indicate the project lifetime and i represents the annual interest rate and is related to nominal 

interest rate and inflation rate as bellow [16]: 

fi

fi
i






 
             (7) 

Following equation gives the annualized cost versus of future worth:  

),(, projtotann RiSSFFWC   

             (8) 
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 where, SFF represents sinking fund factor and determined as follows [17]: 

1)1(
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             (9) 

 Replacement Cost Duration: 

 Following equation gives the salvage value of each component of market at the end of the project lifetime 

[17]. 
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where, Rcomp represents the component-lifetime. 

 Remaining Life of the Component 

It is determines as follows. 

)( repprojcomprem RRRR 
 

             (11) 

 Annualized Replacement Cost: 

 This parameter is expressed by the following equation [18]: 
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 Where, Crep indicate the replacement cost for components of system in end of its lifetime and frep is a factor 

due to difference between the component and the project lifetime. It is formulated as follows [19-20]: 
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4. Simulation and results:  

 To analyze the performance of two intelligent method, the optimal placement of fuel cell with aim of 

emission reduction with considering economical aspects, a standard 33-bus test system as shown in Fig.5 is 

considered and the results of optimization on this system is evaluated. 

 One of the conventional methods of solving this kind of problem i.e. optimization problem is lambda-

iteration method but owing to tedious calculations and its inability to solve multi-modal and discontinuous 

problems, novel techniques have replaced it. The optimal cost of small scale problem was found out to be 

123185 [$] using lambda iteration method, while as shown in table 1 the optimal cost is calculated as 123859$ 

and 123423$ using ABC and BFO respectively.  

 As listed in table 1, the BFO result for optimize the total cost is closer to result of lambda iteration method.  

As shown in table 1, a total of 250 and 200 iterations respectively were required to converge to the optimal 

solution for the problem using ABC and BFO respectively. 

 The results of simulation versus optimal cost ($), iterations numbers and computational time are listed in 

Table 1. 

 
Table 1.Simulation Results 

Method Optimal Cost ($) Iterations Computational Time  (ms) 

ABC 123859 250 496 

BFO 123423 200 437 

 

 The computational time using ABC is approximately 500 [ms] and using BFO it is 400 [ms].  The time is 

system dependent, in our case Intel Core 2 duo, T5800 @ 2 GHz. The convergence of the solutions to optimal 

cost is shown in Fig.6. 

 The optimal location of fuel cells is presented in Table 2. 

 The reasons of selecting BFO for this purpose is related to high speed convergence, low computational time 

and the high accuracy of optimized results respect to other intelligent optimization approaches. 

 The test results show that BFO algorithm converges to optimal cost with reduced computational time when 

compared to ABC. This is primarily due to the dispersal feature in BFO that introduce randomness during the 

optimization process resulting in significant computational time reduction. 
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Fig. 5: 33-bus distribution system to find optimal location of FC. 

 

 
 

Fig.6: the convergence of the solutions of ABC and BFO to optimal cost. 

  
Table 2: Comparison the optimal location of fuel cells with ABC and BFO.  

Method Optimal Location 

ABC 3,6,12,16,21,25,29,32 

BFO 3,5,12,16,22,27,29,31,32 

   

Conclusion: 

 This study successfully solved the fuel cell allocation problem in distribution systems by aim of total CO2 

emission reduction. The benefits are evaluated based on the utilization of fuel cell to electricity generation and 

the avoidance of CO2 emissions. 

 The objective function that considered in this research is emission reduction and it is minimized using two 

intelligent methods and finally the results of these two methods are compared. of Bacterial Foraging (BFO) and 

Artificial Bee Colony (ABC)  are implemented and results are analyzed and the best method from point of view 

fast convergence and minim iteration needed for convergence is sleeted. 
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