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Abstract- A cell is an electrochemical cell that mixes the energy of a fuel and an oxidant into 

electricity by combining a redox reaction. There are many diffrences between a battery and a fuel cell 

as in a fuel cell a contiune fuel and oxygen work as a constant source of energy . In batteries, energy 

generally comes from metals and their ions or oxides which are generally already present in 

batteries, with the exception of flux batteries[4]. As long as fuel and oxygen are supplied, the cell can 

generate electricity continuously. Fuel cells are of many types. All fuel cell generally consist of a 

cathode ,anode and a electrolyte solution .Electrolyte solutions allows hydrogen ions to travel into 

it[1]. All the fuel cell consist a cathode at which catalyst reacts and they form water and ions .Hereby 

we are proposing a method by which we can analyze efficiency of a fuel cell and this method known 

as graphical method of graph theory . Supervisors are believed to be able to determine efficiency 

gains without requiring a thorough understanding of standard methods for evaluating thermal 

efficiency. In order to analyze the fuel cell system, the entire system is divided into several subsystems, 

the dependencies between them are evaluated and a diagram of the system is developed[6].  
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I-Introduction -In this paper we are going to apply 

graph theory on a fuel cell system for this purpose 

we are identifying fuel cell component like anode 

material cathode material anode catalyst cathode 

catalyste and electrolyte after identifying these 

components the whole system will be converted 

into Diagraph and for these Diagraph will be 

converted into matrix the parameters to be studied 

will be placed on  the diagonal of the matrix and 

there effects will be analysed by rest of the matrix 

elements.There are many types of fuel cells. 

However, they all work in the same general way. 

They consist of three adjacent parts: anode, 

electrolyte and cathode. Two chemical reactions 

occur at the interface of three different parts. The 

end result of these two reactions is the consumption 

of fuel, the production of water or carbon dioxide, 

and the generation of electrical current that can be 

used to power electrical equipment, often called a 

load. The performance of a true time cell system 

can't be measured by single parameter and also 

measuring scales for various performance 

parameters are different. In sight of this, there's a 

requirement to develop a simplified and accurate 

methodology for deciding which is capable of 

simultaneously measuring all performance 

parameters contained by one scale and leads to the 

shape of single numerical index[8]. Graph Theory 

and matrix approach is found to be suitable to 

develop one composite performance index 

applicable for cell system. The index have potential 

to be used for system selection or monitoring the 

performance of the cell in real time within the new 

emerging competitive market. Fuel cell may be an 

upcoming technology and its overall cost is low as 

compare to standard technology. It’s an honest 

source of energy because it directly converts most 

of the energy into electricity. A spread of fuel cells 
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is available within the market and every sort of cell 

has different characteristics. Therefore, a Multi 

Attribute deciding (MADM) technique is required 

to pick the simplest suitable option out of the 

available options. In literature variety of techniques 

are available for analyze different fuel cells and 

Graph Theoretic Approach (GTA) is one among the 

approach. The choice of a cell is suffering from 

some factors which are chosen on the idea of 

application. Factors are selected on the idea of fuel 

cell’s description and their analysis with GTA is 

completed by making an appropriate model within 

the sort of a graph or matrix[10]. 

II- Architecture Study of fuel cell using graph 

theory -There are many types of fuel cells like 

proton exchange fuel cell Molten carbonate fuel 

cell etc.Every fuel cell consist of 3 main component 

anode.cathode and electrolyte .After internal 

reactions in a fuel cell co2 is formed  ,water is 

formed and fuel is consumed 

during the reaction.and hence all results into 

electricity. At the anode side a catalyst will react 

with fuel generally hydrogen is used as a catalyst 

element now this catalyst will convert fuel into ions 

as well as electrons .  Now the created electrons 

will act as free electrons and by the movement of 

these electrons electricity  will generate .Furtehr the 

created ions will travel towards cathode by using 

electrolyte . Once it will reach to cathode it will 

further collide with next ions , normally o2, to 

create H2O or CO2[15]. 

 

Figure 1(a) Working model of a cell 

The design of a cell depends upon many aspects 

some of the aspects are as given : 

The electrolyte material, , it is made up off many 

substances  like potash, salt which are made by  

carbonates. [19] 

Most important is fuel and normally hydrogen is 

used as a fuel. 

Anode is made up of a anode catalyst .Usually 

platinum is used as anode catalyst which breaks 

fuel into ions and its components. 

Next  section is cathode catalyst which is normally 

nickel and its main use is it separate the waste the 

waste normally in the form of water .[20] 

Gas diffusion layers .Main use of these this it 

blocks the oxidization. 

 

 

Figure 1(b) fuel cell stack 

 

Figure 2  Block diagram of Working of a fuel cell 

A solid oxide fuel cell is shown in figure . Fuel is 

supplied from the fuel tank. Than passing fuel to 

internal tanks and fuel management systems. Air and 

fuel mix in fuel cell processors.Fuel is supplied from 

the fuel tank. Than passing fuel to internal tanks and 

fuel management systems. Not much air and fuel are 

mixed in the fuel cell processor. Interlinking fuel cell 
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stacks. 

Not much air and fuel are mixed in the fuel cell 

processor. The fuel cell stacks are interconnected. 

Regulated power gets its output through a power 

conditioning unit. The power is supplied by a capacitor 

or battery[2.] 

Air management and temperature 

management play an important role in 

battery function. Platinum, nickel, 

perovskite are used as catalysts, but 

platinum is more preferred. Electrodes are a 

very important part of a fuel cell. In fuel cell 

stacks, separators are used to separate the 

anode and cathode. The catalyst layer, semi-

electrolyte matrix and composite anode 

substrate are sandwiched between two 

separators. 

Overview of graph theory-In graph theory 

we used a systematic approch by which we 

can study system and its componets  .This 

method is better than the conventional 

methods like edge diagram method etc. 

Graph theory work as a modal which is 

associated with those system whose 

performance depend upon other componets 

.[9]. 

We use a existing system and its 

comparison will be done by proposed 

system and than decision will be taken . A 

number of the MADM methodologies are 

discussed below. A true life FCS system is 

very complex in nature. In present 

technological analysis its being found 

appropriate to divide FCS in six subsystems. 

1. Fuel 

2. Electrolyte 

3. Anode catalyst 

4. Cathode catalyst 

5. Oxidant 

6. Cathode and anode material 

All of those six systems are connected to 

every other directly or indirectly. System 

structure is to be converted into digraph 

representation for the Glair is a component 

of fuel processor and fuel stack while fuel is 

that the part of fuel processor system. In 

FCS system single cells are connected serial 

connection and it'll form a stack. In between 

two plates cooling plates, membrane 

electrode assemblies are used. Within the 

present analysis cell controller, power 

conditioning unit and thermal management 

system is attach with cell module . As these 

subsystems also are very big, so hereafter 

they're going to be referred as systems. Let 

each of the six system of cell be represented 

by vertices Si’s (i=1,2,3,4,5,) and  

interconnection between two systems (Si, 

So) is represented by edges can’s 

(imp=1,2,3,4,5,6 and i≠j) connecting the 2 

vertices Si and Sj.within the cell system of 

these six systems are connected by cathode 

catalyst, anode catalyst, cathode material, 

anode material, electrolyte and fuel. In the 

given figure we can see the effects as 

system is shown by vertex and edges[5]. 

Graphical and matrix analysis of FCS-A 

graph in which  directional  edges are 

mentioned named as digraph. The digraph 

permits to analyse FCS performance and 

provides a sense of interactions between the 

systems. By using graph theory a graphical 

model of a system is developed which is 

known as as attribute graph and then 

graphical model is converted into matrix 

model called as attribute matrix. Finally a 

function is developed by using this matrix 

which is named variable permanent function 

VPF’[11]. 

A.)Matrix depiction-A digraph is such an 

illustration that's simple to convert into matrix 

illustration. Matrix illustration of a digraph 

provides additional elaboration to digraph so as that 

it represents itself in process form. For a general 

example with n system can be explained as general 

example with n system can be explained as- The 

diagonal elements represent the contribution of 

systems in FCS. It’s referred to as system 

inheritance. It’s totally different completely 

different} for various systems. The off diagonal 

parts represent interdependencies of each system 

with alternative systems. This type of matrix is 
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additionally mentioned as variable permanent 

matrix (VPM). 

B.)Complete perform and development 

representation-it's declared earlier that GTA is 3 

step analysis and permanent perform development 

and illustration is last step of the tactic . The 

mixture of letter and matrix illustration is modified 

by ever-changing the labels of their nodes however 

the elemental plan of illustration remains the same. 

Analysis might be endless method and to resolve 

this issue permanent perform illustration of matrix 

in 1) inserted. The permanent function development 

and representation is standardized expansion of 

matrix function in combinatorial mathematics (Deo, 

2007). The representation of stable function and 

elaboration is obtained within the same way 

because the determinant representation. during a 

determinant representation and structural formation 

where sign appears alternatively due to using 

Lagrange’s expansion whereas during a variable 

permanent function all the minus signs are replaced 

by positive signs. 

 

Per Tic - 

[S1S2 S3 S4 S5 S6 - c13c31 S2 S4 S5 S6 - 

c46c64 S1S2 S3 S5 

c56 c65 S1S2 S3 S4 - c34 c43 S1S2 S5 S6 - 

c45c54 S1S2 S3 S6 

- S1S2 S3 c45c56 c64 - S1S2 S3 c46 

c65c54 - S1S5 S6 c23c34c42 

 - S4 S5 S6 c12 c23c31 S1S2 c34c43 

c56c65 - S2 S6 c13c31 c45c54-S2  

S4  c13c31 c56 c65 -  S2 S5  c13c31   

c46 c64  - S1 c56 c65 c23c34c42 

- S2 c13c31 c46 c65c54 - S2 c13c31 

c45c56c64 

- S4 c56c65 c12c23c31 - S5 c46 c64 c12 

c23c31 - 

S6 c12 c23c31 c45c54 c12 

c23c31 c45c56c64 c12 c23c31 

c46 c65c54 ] 

       

Table2:Assessment values which are 

depending each other at Diagonal Element 

 S 

No.  

Conditional 

values for 

parameters  

Inter 

dependent 

values 

1 Highly effec 

tive 

5 

2 Effective  4 

3 Moderate  3 

4 Low  2 

5 Very low 1 

                   

(b). Characteristic System Structure Matrix-The 

characteristic of FCS can be analysed using a 

matrix whose Eigen values can be calculated as 

follows- 

 Bc= {SI-Ac} 

Here  I is called as  identity matrix and S is the 

characteristic matrix of a subsystem systems, 

representing its characteristic structural features. 

This matrix for system structural graph of FCS is 

expressed as: 

             

The determinant of characteristic system structure 

matrix is also called as characteristic system 

structure polynomial and written as: 
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                          det{BC}=S
6
-5S

4
+4S

3
+4S

2
-6S+2    

Variable Characteristic System Structure 

Matrix (VCSSM) of FCS- 

. Let us also define a diagonal matrix Dc, with its 

variable diagonal elements Si (i=1,2,3,4,5,6) 

representing the characteristic structural  feature of 

six distinct systems. For system structural graph of 

CCPP (Figure 3.3) the VCSSM  Tc= [Dc - Fc] is 

Table 1: Assessment factors affecting 

the fuel cell 

 

              

       

        

     

       

1 2 3 4 5 6 13 31 2 4 5 6 46 64 1 2 3 5

56 65 1 2 3 4 34 43 1 2 5 6 45 54 1 2 3 6

1 2 3 45 56 64 1 2 3 46 65 54 1 5 6 23 34 42

4 5 6 12 23 31 1 2 34 43 56 65 2 6 13 31 45 54

 [ - -

- - -

 - - -  

-  

 

cPer T S S S S S S c c S S S S c c S S S S

c c S S S S c c S S S S c c S S S S

S S S c c c S S S c c c S S S c c c

S S S c c c S S c c c c S S c c c c



 

         

        

        

  

2 4 13 31 56 65 2 5 13 31 46 64 1 56 65 23 34 42

2 13 31 46 65 54 2 13 31 45 56 64 4 56 65 12 23 31

5 46 64 12 23 31 6 12 23 31 45 54 12 23 31 45 56 64

12 23 31 46 65 54

  

 ]

S S c c c c S S c c c c S c c c c c

S c c c c c S c c c c c S c c c c c

S c c c c c S c c c c c c c c c c c

c c c c c c

 

  

  

                                                         

Conclusion- 

Graph theory and matrix model is employed to 

calculate efficiency of a cell . For efficiency and 

performance measurement a way is employed and 

result's calculated in terms of index .Effect of 

design parameters on sub-systems is additionally 

quantified for efficiency analysis. After 

quantification of inheritance and interdependencies 

of sub-systems and parameters, efficiency for FCS 

is obtained to be that's in close approximation to the 

results available in literature i.e. 80.27% with the 

similar parameters.Similar analysis is carried for 

various configurations of cell . Effect of design 

parameters on cell efficiency is additionally 

observed by changing the TIT and other design 

parameters also. Results obtained are in satisfactory 

similar of the results available in literature. 

Therefore, it's concluded that GTA are often used 

for calculating the efficiency of cell . The graph 

theoretic methodology developed for FCS is 

extended for the analysis of an in depth loop 

systems. 

Thus, equation (1) may be written for the maximum 

value of fuel cell performance index as 

Rmaximum= 

                               

 

 

 

 

943243

493323

329245

323945

234494

435549

 

 

 

 

For the minimum value of fuel cell the given 

equations can be shown as Rminimum= 

 

 

S. 

No. 

Analysis of 

parameters  
Value 

designate 

1 Acutely weak 1 

2 weak 2 

3 Little   3 

4 Lower than moderate 4 

5 Moderate 5 

6 Higher than moderate  6 

7 Large 7 

8 Huge 8 

9 Notable 9 
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