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Abstract:  Renewable and sustainable energy sources are being demanded more by the 

energy sector. The Polymer Electrolyte Membrane Fuel Cell (PEMFC) is an effective 

technique to produce power because it produces nearly minimal pollutants. PEMFC 

produces electrical energy and water as a byproduct by combining hydrogen and oxygen 

on the anode and cathode sides. The state of the art in simulation and performance 

modeling of polymer electrolyte membrane fuel cells is presented in this paper. The 

commercialization of fuel cells and their deployment in the transportation, industry, 

encounter numerous challenges. Water control, eat management, cost reduction, and 

increased cell reliability are the main issues hindering commercial viability of fuel cells. 

This paper provides an overview of some important realistic models as well as a 

comparison of them. The difficulties that fuel cell-based systems encounter are also 

explored. Any urban energy system must meet the demand side of the population while also 

guaranteeing reliable and efficient energy output. PEMFCs are also being explored as a 

forthcoming sustainable energy source. This chapter also covers the economic evaluation 

of fuel cell-based power generation systems. 

 

Keywords: Urban Energy System, PEMFC, Performance Modeling, Fuel Cells. 

 

1. INTRODUCTION 

 

Due to the excessive usage of fossil fuels, the need for facilitating better energy-harvesting 

technology is becoming increasingly important. In this field, fuel cell technology is gaining a 

lot of momentum. The fuel and oxidizer are delivered to the electrodes of a fuel cell to 

generate energy in the external circuit. The fuel cell will create voltage as long as the reactants 

are available, with minimal environmental impact. Fuel cell energy production is based on an 

electrochemical reaction; hence combustion is not involved in the process. The fundamental 

block diagram of a fuel cell system, in general, is shown in Figure 1. 
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Fig 1: Basic representation of a fuel cell system 

 

In fuel cell based power-plants, to achieve the required power rating, fuel cells are combined 

in series to form a fuel cell stack. Depending on the fuel supplied at the anode, there are 

different categories of fuel cells. They are summarized in Table I [1]. 
 

Table I: Different types of fuel cells[1] 

TYPE PEMFC AFC PAFC MCFC SOFC 

Electrolyte 

 

Hydrated 

Polymeric Ion 

Exchange 

Membranes 

Mobilized or 

Immobilized 

Potassium 

Hydroxide in 

asbestos 

matrix 

 

Immobilized 

Liquid 

Phosphoric 

Acid in SiC 

Immobilized 

Liquid Molten 

Carbonate in 

LiAlO2 

 

 

Perovskites 

(Ceramics) 

Electrodes 
 

Carbon 

 

Transition 

metals 

 

Carbon 

 

Nickel and 

Nickel Oxide 

Perovskite 

and 

perovskite / 

metal cermet 

Catalyst Platinum Platinum Platinum 
Electrode 

material 

Electrode 

material 

Interconnect Carbon or metal 
 

Metal 
 

Graphite 

Stainless steel 

or Nickel 

Nickel, 

ceramic, or 

steel 

Operating 

Temperature 
40 – 80 °C 65°C – 220 °C 205 °C 650 °C 600-1000 °C 

Charge Carrier H+ OH- H+ CO3= O= 

External 

Reformer for 

hydrocarbon 

fuels 

 

Yes 
 

Yes 
 

Yes 

 

No, for some 

fuels 

No, for some 

fuels and cell 

designs 

FUEL CELL FUEL PROCESSING UNIT POWER CONDITIONING UNIT 

FUEL OXIDISER 

WATER HEAT 
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External shift 

conversion of 

CO to 

hydrogen 

Yes, plus 

purification to 

remove trace 

CO 

Yes, plus 

purification to 

remove CO and 

CO2 

 

 

Yes 

 

 

No 

 

 

No 

Prime Cell 

Components 
Carbon-based Carbon-based Graphite-based 

Stainless- 

based 
Ceramic 

Product Water 

Management 
 

Evaporative 
 

Evaporative 
 

Evaporative 

Gaseous 

Product 

Gaseous 

Product 

 

The Polymer Electrolyte Membrane Fuel Cell (PEMFC) or Proton Exchange Membrane Fuel 

Cell (PEMFC) has risen to prominence among various fuel cell types. It has the high energy 

density 39.7 kWh/kg [2] and high conversion efficiency.  Low temperature operation, high 

power density, fast start-up, system robustness, fuel type adaptability (with reformer), and 

reduced sealing, corrosion, shielding, and leaking problems are only a few of the benefits of 

PEM fuel cells over other fuel cell types [3]. Gas Diffusion Layer (GDL) provides 

mechanical support to the electrodes of PEMFC. The entire structure of PEMFC is depicted 

in Fig 2. PEMFC gaskets help to restrict fuel leaks within the system [4]. Bipolar plate helps 

to distribute the reactant gases inside the fuel cell [5]. 

 

 
Fig 2: Different layers of a unit of PEMFC 

 

The anode side of a PEMFC receives hydrogen, while the cathode receives oxygen. The 

reactions inside PEMFC are expressed in the following equations. 

 

At anode,                     H2         2H+ + 2e- 

………………………………………………………………..(1) 

At cathode,                            ½ O2 + 2H+ + 2e-         

H2O……………………………………………………...(2) 
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The first section of this chapter will provide an overview of practical PEMFC mathematical 

models. The second portion focuses on the problems that the PEMFC market faces in terms 

of commercialization. In the third phase, we look at PEMFC's cost management. 

 

Realistic Models for PEMFC 

 Mathematical models are equations that represent the physical and chemical processes of a 

system. Numerical models can also be used for representing any system. For the design and 

optimization of fuel cells and fuel cell power systems, mathematical 

models and simulations are necessary [6].   

 

A. Steady state PEMFC Models 

Some preliminary work was carried out in the early 1990s by [7]. They outline a one 

dimensional, isothermal, steady state model of PEMFC. The cell's resistance was investigated 

under various operating situations. The performance characteristics of PEMFC was captured 

by [8] also. The transport phenomena inside the solid PEMFC were captured well by this 

steady state model. The model was also validated against various experimental conditions.[9] 

Outlines a steady state model of PEMFC and proposes control strategies during application of 

step increase in current to PEMFC. But the model ignores water transport mechanism inside 

the fuel cell. Experiments and steady state modeling of PEMFC performance was carried out 

by [10]. They presented models from electrical and thermal point of view. 

[11] Present steady-state and dynamic modelling of hydrogen and air-fueled PEMFCs. They 

test the models under different loads and operational situations. A steady state and dynamic 

model of PEMFC was outlined by [11]. The dynamic model captures voltage response during 

load variations. PEMFCs operating at high temperature was also modeled in steady state by 

[12]. The model was isothermal, single phase and one dimensional. In the model suggested 

by [13], membrane of PEMFC is taken as an interface between the anode and cathode 

domains. They also depict the water content inside PEMFC for various operating conditions. 

In [14], the authors investigated a PEMFC model simulated in ‘scilab’ software. Safiye [15] 

presents a three dimensional model of PEMFC in computational fluid dynamics.  

 

B. Transient models of PEMFC 

A realistic transient model of PEMFC was proposed by [11]. They present a clear flow chart 

indicating the entire modeling procedure which makes the model user friendly. The load 

variations and its influence on the response is also captured. [16] present a transient model of 

PEMFC subject to step variations in load. Even when the dynamics is captured, water 

transport inside the cell is neglected. The model is one dimensional too. The [17] introduces a 

multi-physics model of PEMFC based on electrical, pneumatic and thermal properties of 

parameters within the cell. The methodology captures most of the features; but the model is 

complex.[18] provided a one-dimensional single phase model of PEMFC. Degradation model 

of PEMFC was described in [19] .The analysis and validation signifies the importance of the 

model. [20] present a dynamic model of PEMFC during failure of temperature sensor. The 

paper concludes by proposing the possibility of a control strategy to tolerate the sensor 

failures. The dynamic response analysis of PEMFC under load variations achieved by step 

changes in current is put forward by [21]. The effect of membrane hydration and 
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stoichiometry of reactants in the dynamic response is also monitored. [22]reported a two 

dimensional transient model of PEMFC. Control using voltage and current modes were also 

studied. The porous layers were also modeled using wettability model. In their review on 

transient response of PEMFC, [22] discusses the categorisation of transients occurring in 

PEMFC. And the dynamic response during start up and shutdown.  

 

C. Water transport models of PEMFC 

The steady state water flux was examined by [7] in their steady state isothermal mathematical 

model. But the model was one dimensional and isothermal. In the article [23], a three 

dimensional lattice Boltzmann model is formulated to depict the transport of water inside the 

fuel cell. Special attention is given to the oxygen transport at cathode side, where water 

generation occurs. [24] signifies the importance of gas diffusion layer and its porous structure 

on water transport inside PEMFC. A disturbance rejection based control strategy for 

controlling humidity inside the fuel cell is proposed by [25]. The work compares the control 

with PID and fuzzy-PID controllers and concludes the benefit of active disturbance rejection 

control strategy. Some recent models are specified in Table II. 

 

Table II: Recent mathematical models of PEMFC 

Authors,year 
Type of 

model 

Software/ tool 

used 
Main features 

 

 

Ahmed H[26],2021 

 

 

Steady state 

model 

 

 

Marine Predators 

Algorithm 

 Semi-empirical model 

 Optimization done 

 Comparison with other 

optimization techniques 

 

 

Arun[27],2021 

 

 

Dynamic 

model 

 

 

Matlab 

 System Identification 

 Validation with real time data 

 Voltage response analysis 

 

 

 

Venkateswaralu[28],

2021 

 

 

 

Numerical 

model 

 

 

 

Ansys Fluent 

 Comparison of various flow 

fields 

 Steady state performance 

characteristics 

 Water transport captured 

 

 

Ansari[29],2021 

 

Steady state 

and dynamic 

model 

 

 

Simulink 

 Combined generation using 

rankine cycle 

 Waste heat recovery 

 Enhanced efficiency 

 

 

 

Alessandro[30], 

2021 

 

 

 

Dynamic 

model 

 

 

 

Computational 

Fluid Dynamics 

 Three dimensional model 

 Serpentine flow fields 

 Water transport, temperature 

plots 
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Dang[31],2021 

 

 

Water 

transport 

model 

 

 

 

Volume Of Fluid 

 Focuses on flow field design 

 Liquid water content inside 

flow field 

 

Yuan[32],2021 

 

Water 

transport 

model 

 

Matlab 

 Models flow in 

GDL,CCL,ACL 

 Ficks diffusion model 

Yunjin[33] ,2021 

Catalyst 

degradation 

model 

Catalyst 

transformation 

theory 

 Pt catalyst durability 

 Model applicability discussed 

 Validation with data set 

Tao[34] ,2021 
Transient 

model 
Experimental 

 Captures transient behavior 

 Analyses different modes of 

operation 

Zheng [35] ,2021 

Lifetime 

prediction 

model 

Artificial neural 

network 

optimized using 

particle swarm 

optimization 

 Back propagation ANN 

 Voltage degradation of on-road 

vehicle for comparison 

Abdulla [36],2021 
Steady state 

model 

Moth flame 

optimization 

 Parameter estimation 

 MFO,PSO,SCA used for 

optimization 

Omran [37] ,2021 

 

Steady state 

model 

 

Matlab, 

Simulink 

 Isothermal, one dimensional 

model 

 Efficiency calculation 

 Experimental comparison 

Zhang [38],2021 
Multi-scale 

model 
Ansys Fluent 

 Pt loading effects 

 Optimization of ionomer 

content 

Dongmin [39],2019 
Steady state 

model 
Matlab 

 Fluid search optimization 

 Efficiency analysis 

 System identification 

Wang [40], 2020 
Steady state 

model 

Computational 

fluid dynamics 

 Genetic algorithm 

 Optimization 

Loureiro[41] ,2020 

Steady state 

and transient 

model 

PSCAD, 

EMTDC 

 Thermal analysis 

 transient loading profiles of 

voltage 

Zhang [42],2020 
Steady state 

model 
Ansys Fluent 

 Metal foam flow fields 

 Performance enhancement 

 Accounts for losses in fuel cell 
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Xie [43],2020 
Steady state 

model 

Computational 

fluid dynamics 

 Optimization by partition 

 Scale up analysis 

 

 

[44] Presents a detailed picture of the importance of water management inside PEMFC. The 

work also analyses two phase flow inside GDL, channels, and catalyst layer of PEMFC. The 

hydration level of fuel cell is predicted using the artificial neural network based model of  [45]. 

The water management and distribution inside the fuel cell is regulated by collecting water 

produced at the cathode side in [46]. 

 

Challenges in PEMFC Commercialization 

Being a green technology, PEMFC based power production is attracting considerable 

attention. Fuel cells also outshine batteries because they have a higher energy density. 

 

 

 

 

 

 

 

 

 

 

                                                            

 

 

 

Fig 3: Fuel cell and battery drives for different capacities [47] 

 

The key roadblocks to fuel cell commercialization are discussed below. 

 

D. Cost 

Fuel cells' purchase price and management cost will be a key factor in their 

commercialization. The total cost for running the PEMFC based power plant originates from 

the cost of procurement of fuel. For the cell, water is generated as the by product in cathode 

catalyst layer. In their seminal review article on water management strategies,[44] gives the 

effect of water content variations in membrane, flow channels, and gas diffusion layers of 

PEMFC. 

E. Thermal Management 

Oxygen undergoes reduction reaction at cathode of PEMFC, where it combines with the 

protons from  hydrogen  side. This reaction produces water, together with heat energy 

liberation. This may heat up the stack. So, thermal management must be properly done. 

Cooling systems are associated with balance of  plant .[48] Presents a critical review on the 

topic of thermal management and its significance in PEMFC.  
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F. Durability  

The durability issues associated with different layers of PEMFC, together with the strategies 

to eliminate the adverse effects is depicted in the review of  [49].The probable failure modes 

of each component is outlined by reviewing the literature available. The lifetime of the fuel 

cell within the repair rates and maintenance is referred to its durability [50]. 

 

G. Membraane Degradation                                            

The reactant crossover at the polymer electrolyte membrane during the electro-chemical 

process inside the PEMFC may result in the release of radicals. These can harm the membran

e and cause it to break down. This corresponds to the chemical degradation of membrane. 

Thinning of the membrane or de-lamination [51] can affect the operation of PEMFC and its 

durability. 

 

H.  Reliability 

Reliability of PEMFC refers to the ability of the cell to work in the stated conditions, to 

deliver required power output. It is related to the rate of failure also. Increased probability of 

failure of the cell reduces its reliable operation. 

Table III outlines dominating works addressing the challenges faced for commercialization of  

PEMFC.  

 

Table III: Pioneering works addressing challenges in fuel cell commercialization 

Author, year Background Improvement strategies proposed 

Du [52],2021 High cost of Platinum Group 

Metal catalysts 
 Fe-N-C ,Co-N-C, and Mn-N-C 

Catalysts 

 PGM free cathode catalysts 

Kurnia [53],2021 Complexity at cathode side 

configuration 
 Ambient air as oxidant 

 Open cathode PEMFC 

 Air supply subsystem simplified 

Cullen [54], 2021 Extend focus beyond light duty 

vehicle transport application of 

fuel cells 

 Heavy duty transport application 

based review 

 Discusses state of art materials for 

enhancing stability and durability of 

fuel cells 

Xia [55], 2019 Increased cost on using PGM 

based catalysts 
 Options for choosing catalysts  

 Alternative materials used as PGM 

free catalysts 

Nguyen [56] 

,2021 

Durability of fuel cells  Degradation of GDL, CL, Bipolar 

plate, membrane  and gasket analyzed 

separately 

 Water and thermal management 

aspects 

 Stress testing for durability  

Haider [57] ,2021 Development of high  Materials and component 
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temperature fuel cells development 

 Combined heat and power generation  

Ren [58] ,2020 Performance improvement  Pt/C catalyst development 

 

Kongkanand [59] 

,2016 

Develop market affordable fuel 

cells 
 Low level of Platinum loading in 

PEMFC 

Jiao[60] ,2021 Future directions for PEMFC 

development 
 High power density achievement 

 MEA, water and thermal 

management, design and 

development 

Wang [61],2021 Performance enhancement of 

PEMFC 
 Molecular dynamics simulated 

 Transport phenomena in the catalyst 

layer 

Luo [62],2021 Combined Heat and Power 

generation using PEMFC 
 Fueling options from hydrogen 

 Hydrogen content and efficiency of 

PEMFC 

Pahon[63] ,2021 Aging of PEMFC  Temperature influence on durability 

of PEMFC 

 Open cathode cell 

Huang [64],2021 Thermal management  Vapor chambers to support heat 

management 

 Open cathode fuel cell 

Vasilyev [65] 

,2021 

Reliability of fuel cell  Operating conditions influence on 

reliability 

 Survival time calculated 

Heinzel [66] 

,2021 

Water management  Fuzzy logic approach 

 Optimization of cell performance 

Chiara [67] ,2021 Cost, durability  Multi-objective optimization 

 Life span increase 

Wang [68], 2021 Lifetime of fuel cell and 

degradation 
 Predict degradation trend using rated 

voltage 

 Aging tests and model development 

Kavya[69], 2023 Heat recovery  Waste heat utilization 

 Organic Rankine cycle 

 

 Fuel Cell Cost Management 

The top most concern regarding the establishment of fuel cell based systems worldwide is 

their cost. Fig 2. Represents the cost evolution report of PEMFC stacks.  
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Fig 2: Cost evolution of PEMFC[70] 

 

The total cost of Fuel Cell Electric Vehicle(FCEV) is represented in the bar graph. The cost is 

around 225k US Dollars in 2010. This total cost has reduced to 80k US Dollars in 2020. The 

cost per kilowatt also decreased to around 40.  

For a single kilowatt of power generation from a fuel cell, the current price is roughly 300 INR

. The relevance of cost control in PEMFC is thus pointed out clearly. 

 
Fig 4: Ranking of hindrances to deduct PEMFC system cost[71] 
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In Fig 4, the assessment of fuel cell cost in automotive area is outlined. The dark color of the 

cell indicates the assessment by more number of experts. The usage of Platinum Group Metals 

(PGM) in catalyst layer is one of the main factors causing hike in the cost. 

 

2. CONCLUSION 
 

Demands for ‘green recovery’ are gaining traction worldwide. PEMFCs present a pollution 

free chapter in the energy sector.  

 

3. REFERENCES 
 

1. J. L. Hall, Cell components, vol. 26, no. 4. 1987. 

2. F. Ning et al., “Flexible and Lightweight Fuel Cell with High Specific Power Density,” 

ACS Nano, vol. 11, no. 6, pp. 5982–5991, 2017. 

3. X. Li and I. Sabir, “Review of bipolar plates in PEM fuel cells: Flow-field designs,” 

International Journal of Hydrogen Energy, vol. 30, no. 4, pp. 359–371, 2005. 

4. U. Basuli et al., “Properties and degradation of the gasket component of a proton 

exchange membrane fuel cell\-A review,” Journal of Nanoscience and Nanotechnology, 

vol. 12, no. 10, pp. 7641–7657, 2012. 

5. B. Abderezzak, Introduction toTransfer Phenomena in PEM Fuel cells. ISTE Press-

Elseveir, 2018. 

6. Z. Ural and M. T. Gencoglu, “Mathematical Models of PEM Fuel Cells,” 5th 

International Ege Energy Symposium and Exhibition (IEESE-5), no. June, pp. 27–30, 

2010. 

7. S. G. T E Springer, T A Zawodzinski, “Polymer Electrolyte Fuel Cell Model,” Journal 

of Electrochemical Society, vol. 138, no. 8, 1991. 

8. M. W. V. Dawn M Bernardi, “A Mathematical Model of the solid Polymer Electrolyte 

Fuel cell,” Journal of Electrochemical Society, vol. 139, no. 9, 1992. 

9. V. R. Kavya, K. S. Padmavathy, and M. Shaneeth, “Steady state analysis and control of 

PEM fuel cell power plant,” 2013 International Conference on Control Communication 

and Computing, ICCC 2013, no. Iccc, pp. 233–237, 2013. 

10. I. S. Martín, A. Ursúa, and P. Sanchis, “Modelling of PEM fuel cell performance: 

Steady-state and dynamic experimental validation,” Energies, vol. 7, no. 2, pp. 670–

700, 2014. 

11. S. M. Sharifi Asl, S. Rowshanzamir, and M. H. Eikani, “Modelling and simulation of 

the steady-state and dynamic behaviour of a PEM fuel cell,” Energy, vol. 35, no. 4, pp. 

1633–1646, 2010. 

12. S. Rigal, C. Turpin, A. Jaafar, N. Chadourne, T. Horde, and J. B. Jollys, “Steady-state 

modelling of a HT-PEMFC under various operating conditions,” Proceedings of the 

2019 IEEE 12th International Symposium on Diagnostics for Electrical Machines, 

Power Electronics and Drives, SDEMPED 2019, pp. 439–445, 2019. 

13. R. L. Edwards and A. Demuren, “Interface model of PEM fuel cell membrane steady-

state behavior,” International Journal of Energy and Environmental Engineering, vol. 

10, no. 1, pp. 85–106, 2019. 

14. R. A. Costa and J. R. Camacho, “The dynamic and steady state behavior of a PEM fuel 

http://journal.hmjournals.com/index.php/JECNAM
https://doi.org/10.55529/jecnam.34.29.43
http://creativecommons.org/licenses/by/4.0/


Journal of Electronics, Computer Networking and Applied Mathematics 

ISSN: 2799-1156   

Vol: 03, No. 04, June-July 2023 

http://journal.hmjournals.com/index.php/JECNAM 

DOI: https://doi.org/10.55529/jecnam.34.29.43 

 

 

 

 

Copyright The Author(s) 2023.This is an Open Access Article distributed under the CC BY 

license. (http://creativecommons.org/licenses/by/4.0/)                                                         40 

cell as an electric energy source,” Journal of Power Sources, vol. 161, no. 2, pp. 1176–

1182, 2006. 

15. C. Performance and U. Cfd, “INVESTIGATION OF THE EFFECTS OF OPERATING 

CONDITIONS ON PEM FUEL INVESTIGATION OF THE EFFECTS OF 

OPERATING CONDITIONS ON PEM FUEL CELL PERFORMANCE USING CFD 

MODELING Safiye Nur Özdemir , İmdat Taymaz,” no. April 2019, 2020. 

16. K. Vanaja Raghunath, S. Muliankeezhu, and A. Kallingal, “Transient response 

modeling of reactant concentration in polymer electrolyte membrane fuel cells during 

load change,” Energy Sources, Part A: Recovery, Utilization and Environmental 

Effects, vol. 00, no. 00, pp. 1–14, 2021. 

17. T. Lan and K. Strunz, “Modeling of multi-physics transients in PEM fuel cells using 

equivalent circuits for consistent representation of electric, pneumatic, and thermal 

quantities,” International Journal of Electrical Power and Energy Systems, vol. 119, no. 

December 2019, p. 105803, 2020. 

18. X. Li, K. Han, and Y. Song, “Dynamic behaviors of PEM fuel cells under load 

changes,” International Journal of Hydrogen Energy, vol. 45, no. 39, pp. 20312–20320, 

2020. 

19. A. Kravos, A. Kregar, K. Mayer, V. Hacker, and T. Katrašnik, “Identifiability Analysis 

of Degradation Model Parameters from Transient CO2 Release in Low-Temperature 

PEM Fuel Cell under Various AST Protocols,” Energies, vol. 14, no. 14, p. 4380, 2021. 

20. J. Han, S. Yu, and J. Yun, “Pemfc transient response characteristics analysis in case of 

temperature sensor failure,” Processes, vol. 8, no. 11, pp. 1–27, 2020. 

21. . Huang, J. Shen, S. H. Chan, and Z. Tu, “Transient response of performance in a proton 

exchange membrane fuel cell under dynamic loading,” Energy Conversion and 

Management, vol. 226, no. October, p. 113492, 2020. 

22. W. A. G A Rubio, “Transient Analysis in Proton Exchange Membrane Fuel cells: A 

Critical Review and a Novel Model,” in 8th International Conference on Renewable 

Energy Research and applications, 2019. 

23. D. Zhang, Q. Cai, and S. Gu, “Three-dimensional lattice-Boltzmann model for liquid 

water transport and oxygen diffusion in cathode of polymer electrolyte membrane fuel 

cell with electrochemical reaction,” Electrochimica Acta, vol. 262, pp. 282–296, 2018. 

24. N. Bao, Y. Zhou, K. Jiao, Y. Yin, Q. Du, and J. Chen, “Effect of gas diffusion layer 

deformation on liquid water transport in proton exchange membrane fuel cell,” 

Engineering Applications of Computational Fluid Mechanics, vol. 8, no. 1, pp. 26–43, 

2014. 

25. X. Chen et al., “Active disturbance rejection control strategy applied to cathode 

humidity control in PEMFC system,” Energy Conversion and Management, vol. 224, 

no. June, p. 113389, 2020. 

26. A. H. Yakout, H. M. Hasanien, and H. Kotb, “Proton Exchange Membrane Fuel Cell 

Steady State Modeling Using Marine Predator Algorithm Optimizer,” Ain Shams 

Engineering Journal, no. xxxx, 2021. 

27. P. V. Arun Kumar Pinagapani, Geetha Mani, K R Chandran, Karthik Pandian, Eshwar 

Sawantmorye, “Dynamic Modeling and Validation of PEM fuel cell via System 

Identification Approach,” Journal of Electrical Engineering and Technology, vol. 16, 

http://journal.hmjournals.com/index.php/JECNAM
https://doi.org/10.55529/jecnam.34.29.43
http://creativecommons.org/licenses/by/4.0/


Journal of Electronics, Computer Networking and Applied Mathematics 

ISSN: 2799-1156   

Vol: 03, No. 04, June-July 2023 

http://journal.hmjournals.com/index.php/JECNAM 

DOI: https://doi.org/10.55529/jecnam.34.29.43 

 

 

 

 

Copyright The Author(s) 2023.This is an Open Access Article distributed under the CC BY 

license. (http://creativecommons.org/licenses/by/4.0/)                                                         41 

pp. 2211–2220, 2021. 

28. K. K. G. Velisala, Venkateswaralu, Gandhi Pullagura, Naresh Yarramsetty, Srinivas 

Vadapalli, Murali krishna Boni, “Three Dimensional CFD Modeling of Serpentine flow 

field Configurations for PEM Fuel cell performance,” Arabian Journal for science and 

engineering, no. 174, 2021. 

29. S. A. Ansari, M. Khalid, K. Kamal, T. Abdul Hussain Ratlamwala, G. Hussain, and M. 

Alkahtani, “Modeling and simulation of a proton exchange membrane fuel cell 

alongside a waste heat recovery system based on the organic rankine cycle in 

MATLAB/SIMULINK environment,” Sustainability (Switzerland), vol. 13, no. 3, pp. 

1–21, 2021. 

30. A. Adamo, M. Riccardi, M. Borghi, and S. Fontanesi, “Serpentine Gas Distributor,” 

2021. 

31. D. K. Dang and B. Zhou, “Liquid water transport in PEMFC cathode with symmetrical 

biomimetic flow field design based on Murray’s law,” International Journal of 

Hydrogen Energy, vol. 46, no. 40, pp. 21059–21074, 2021. 

32. W.-W. Yuan, K. Ou, S. Jung, and Y.-B. Kim, “Analyzing and Modeling of Water 

Transport Phenomena in Open-Cathode Polymer Electrolyte Membrane Fuel Cell,” 

Applied Sciences, vol. 11, no. 13, p. 5964, 2021. 

33. D. D. Yunjin Ao, Kui Chen, Salah Laghrouche, “Proton exchange membrane fuel cell 

degradation model based on catalyst transformation theory,” Fuel Cells, vol. 21, no. 3, 

pp. 254–268, 2021. 

34. D. H. Tao J, Wei X, “Study on the constant voltage, current and current ramping cold 

start modes of proton exchange membrane fuel cell,” in SAE WCX Digital 

summit,Technical paper, 2021. 

35. D. H. Lu Zheng, Yongping Hou, Wenqi Li, “A Data Driven Fuel Cell Life Prediction 

Model for a Fuel cell Electric City Bus,” SAE International Journal of Advances and 

Current Practices in Mobility, vol. 3, no. 4, pp. 1976–1984, 2021. 

36. A. M. Abdullah, H. Rezk, A. Hadad, M. K. Hassan, and A. F. Mohamed, “Optimal 

parameter estimation of proton exchange membrane fuel cells,” Intelligent Automation 

and Soft Computing, vol. 29, no. 2, pp. 619–631, 2021. 

37. A. Omran et al., “Mathematical model of a proton-exchange membrane (PEM) fuel 

cell,” International Journal of Thermofluids, vol. 11, 2021. 

38. R. Zhang, P. He, F. Bai, L. Chen, and W. Q. Tao, “Multiscale modeling of proton 

exchange membrane fuel cells by coupling pore-scale models of the catalyst layers and 

cell-scale models,” International Journal of Green Energy, vol. 18, no. 11, pp. 1147–

1160, 2021. 

39. D. Yu, Y. Wang, H. Liu, and K. Jermsittiparsert, “System identification of PEM fuel 

cells using an improved Elman neural network and a new hybrid optimization 

algorithm,” Energy Reports, vol. 5, pp. 1365–1374, 2019. 

40. B. Wang, B. Xie, J. Xuan, and K. Jiao, “AI-based optimization of PEM fuel cell catalyst 

layers for maximum power density via data-driven surrogate modeling,” Energy 

Conversion and Management, vol. 205, no. December 2019, p. 112460, 2020. 

41. A. Loureiro, I. Yahyaoui, and F. Tadeo, “ScienceDirect Modeling and experimental 

validation of a PEM fuel cell in steady and transient regimes using PSCAD / EMTDC 

http://journal.hmjournals.com/index.php/JECNAM
https://doi.org/10.55529/jecnam.34.29.43
http://creativecommons.org/licenses/by/4.0/


Journal of Electronics, Computer Networking and Applied Mathematics 

ISSN: 2799-1156   

Vol: 03, No. 04, June-July 2023 

http://journal.hmjournals.com/index.php/JECNAM 

DOI: https://doi.org/10.55529/jecnam.34.29.43 

 

 

 

 

Copyright The Author(s) 2023.This is an Open Access Article distributed under the CC BY 

license. (http://creativecommons.org/licenses/by/4.0/)                                                         42 

software,” vol. 5, 2020. 

42. G. Zhang, Z. Bao, B. Xie, Y. Wang, and K. Jiao, “ScienceDirect Three-dimensional 

multi-phase simulation of PEM fuel cell considering the full morphology of metal foam 

flow field,” International Journal of Hydrogen Energy, no. xxxx, 2020. 

43. B. Xie et al., “‘ 3D þ 1D ’ modeling approach toward large-scale PEM fuel cell 

simulation and partitioned optimization study on fl ow fi eld,” eTransportation, vol. 6, 

p. 100090, 2020. 

44. X. R. Wang, Y. Ma, J. Gao, T. Li, G. Z. Jiang, and Z. Y. Sun, “Review on water 

management methods for proton exchange membrane fuel cells,” International Journal 

of Hydrogen Energy, vol. 46, no. 22, pp. 12206–12229, 2021. 

45. F. Z. Arama, K. Mammar, S. Laribi, A. Necaibia, and T. Ghaitaoui, “Implementation of 

sensor based on neural networks technique to predict the PEM fuel cell hydration state,” 

Journal of Energy Storage, vol. 27, no. May 2019, p. 101051, 2020. 

46. T. Yang, “Water distribution in a fuel cell stack,” Energy Sources, Part A: Recovery, 

Utilization and Environmental Effects, vol. 32, no. 14, pp. 1355–1361, 2010. 

47. C. A. Soler O, Bye A, Aronsson B, Wiberg E , Leisner P, “Constraints and strategies for 

hydrogen in the transport sector.” 2018. 

48. S. G. Kandlikar and Z. Lu, “Thermal management issues in a PEMFC stack - A brief 

review of current status,” Applied Thermal Engineering, vol. 29, no. 7, pp. 1276–1280, 

2009. 

49. J. Wu et al., “A review of PEM fuel cell durability: Degradation mechanisms and 

mitigation strategies,” Journal of Power Sources, vol. 184, no. 1, pp. 104–119, 2008. 

50. J. Wang, “Barriers of scaling-up fuel cells: Cost, durability and reliability,” Energy, vol. 

80, pp. 509–521, 2015. 

51. V. M. Ehlinger, A. R. Crothers, A. Kusoglu, and A. Z. Weber, “Modeling proton-

exchange-membrane fuel cell performance/degradation tradeoffs with chemical 

scavengers,” JPhys Energy, vol. 2, no. 4, 2020. 

52. L. Du, G. Zhang, and S. Sun, “Proton Exchange Membrane (PEM) Fuel Cells with 

Platinum Group Metal (PGM)-Free Cathode,” Automotive Innovation, vol. 4, no. 2, pp. 

131–143, 2021. 

53. J. C. Kurnia, B. A. Chaedir, A. P. Sasmito, and T. Shamim, “Progress on open cathode 

proton exchange membrane fuel cell: Performance, designs, challenges and future 

directions,” Applied Energy, vol. 283, no. December 2020, p. 116359, 2021. 

54. D. A. Cullen et al., “New roads and challenges for fuel cells in heavy-duty 

transportation,” Nature Energy, vol. 6, no. 5, pp. 462–474, 2021. 

55. G. W. Xiao Xia Wang, Mark T Swihart, “Achievements, challenges and Perspectives 

on Cathode Catalysts in Proton Exchange Membrane Fuel Cells for Transportation,” 

Nat. Catal., vol. 2, pp. 578–589, 2019. 

56. H. L. Nguyen, J. Han, X. L. Nguyen, S. Yu, Y. M. Goo, and D. D. Le, “Review of the 

durability of polymer electrolyte membrane fuel cell in long-term operation: Main 

influencing parameters and testing protocols,” Energies, vol. 14, no. 13, 2021. 

57. R. Haider et al., “High temperature proton exchange membrane fuel cells: Progress in 

advanced materials and key technologies,” Chemical Society Reviews, vol. 50, no. 2, 

pp. 1138–1187, 2021. 

http://journal.hmjournals.com/index.php/JECNAM
https://doi.org/10.55529/jecnam.34.29.43
http://creativecommons.org/licenses/by/4.0/


Journal of Electronics, Computer Networking and Applied Mathematics 

ISSN: 2799-1156   

Vol: 03, No. 04, June-July 2023 

http://journal.hmjournals.com/index.php/JECNAM 

DOI: https://doi.org/10.55529/jecnam.34.29.43 

 

 

 

 

Copyright The Author(s) 2023.This is an Open Access Article distributed under the CC BY 

license. (http://creativecommons.org/licenses/by/4.0/)                                                         43 

58. X. Ren, Y. Wang, A. Liu, Z. Zhang, Q. Lv, and B. Liu, “Current progress and 

performance improvement of Pt/C catalysts for fuel cells,” Journal of Materials 

Chemistry A, vol. 8, no. 46, pp. 24284–24306, 2020. 

59. A. Kongkanand and M. F. Mathias, “The Priority and Challenge of High-Power 

Performance of Low-Platinum Proton-Exchange Membrane Fuel Cells,” Journal of 

Physical Chemistry Letters, vol. 7, no. 7, pp. 1127–1137, 2016. 

60. K. Jiao et al., “Designing the next generation of proton-exchange membrane fuel cells,” 

Nature, vol. 595, no. 7867, pp. 361–369, 2021. 

61. W. Wang, Z. Qu, X. Wang, and J. Zhang, “A molecular model of pemfc catalyst layer: 

Simulation on reactant transport and thermal conduction,” Membranes, vol. 11, no. 2, 

pp. 1–14, 2021. 

62. N. C. Yu Luo, Yixiang Shi, “Bridging a bi-directional connection between electricity 

and fuels in hybrid multi-energy systems,” in Hybrid systems and Multi-energy 

Networks for Future Energy Internet, 2021, pp. 41–84. 

63. E. Pahon, S. Jemei, J. P. Chabriat, and D. Hissel, “Impact of the temperature on 

calendar aging of an open cathode fuel cell stack,” Journal of Power Sources, vol. 488, 

no. December 2020, p. 229436, 2021. 

64. Z. Huang, Q. Jian, and J. Zhao, “Thermal management of open-cathode proton 

exchange membrane fuel cell stack with thin vapor chambers,” Journal of Power 

Sources, vol. 485, no. November 2020, p. 229314, 2021. 

65. A. Vasilyev, J. Andrews, S. J. Dunnett, and L. M. Jackson, “Dynamic Reliability 

Assessment of PEM Fuel Cell Systems,” Reliability Engineering and System Safety, 

vol. 210, no. February, p. 107539, 2021. 

66. A. Heinzel, P. Beckhaus, and J. Karstedt, “Membrane Fuel Cells,” Chemie-Ingenieur-

Technik, vol. 91, no. 6, pp. 734–743, 2019. 

67. C. Dall’armi, D. Pivetta, and R. Taccani, “Health‐conscious optimization of long‐term 

operation for hybrid pemfc ship propulsion systems,” Energies, vol. 14, no. 13, pp. 1–

20, 2021. 

68. P. Wang et al., “Estimating the Remaining Useful Life of Proton Exchange Membrane 

Fuel Cells under Variable Loading Conditions Online,” Processes, vol. 9, no. 8, p. 1459, 

2021. 

69. Kavya Vanaja Raghunath, Aparna Kallingal, Shaneeth Muliankeezhu, Waste heat 

recovery using Organic Rankine cycle in Polymer electrolyte membrane fuel 

cells,doi.org/10.14741/ijcet/v.13.2.2 

70. B. G. Pollet, S. S. Kocha, and I. Staffell, “Current status of automotive fuel cells for 

sustainable transport,” Current Opinion in Electrochemistry, vol. 16, no. i, pp. 90–95, 

2019. 

71. M. M. Whiston, I. L. Azevedo, S. Litster, K. S. Whitefoot, C. Samaras, and J. F. 

Whitacre, “Expert assessments of the cost and expected future performance of proton 

exchange membrane fuel cells for vehicles,” Proceedings of the National Academy of 

Sciences of the United States of America, vol. 116, no. 11, pp. 4899–4904, 2019. 

 

 

 

http://journal.hmjournals.com/index.php/JECNAM
https://doi.org/10.55529/jecnam.34.29.43
http://creativecommons.org/licenses/by/4.0/

