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ABSTRACT
Fuel cells are used in many applications, from personal use to energy generation stations. The fuel cell systems consist of a fuel cell stack, and its components to control air, H2O, thermal and electrical power. The entire system is efficient at maximum and half load, scales to a variety of sizes, is eco-friendly and has potentially comparable initial costs to conventional technologies. Portable electricity, mobility, cogeneration in buildings, and distributed electricity for utilities are promising applications for fuel cells. The vital barriers to the money orientation of fuel cells are pricing and longevity. We will talk about fuel cells, the classification of fuel cells, fuel cell problems, and how artificial intelligence can help improve the performance of fuel cells.
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1. INTRODUCTION


1.1. FUEL CELL
A fuel cell converts electrical energy into chemical energy. These cells require an uninterrupted supply of fuel and oxidants to sustain the process that generates electricity. As a result, these elements can generate electricity indefinitely as long as the fuel and oxygen supply is not cut off. Fuel cells were first used commercially by NASA to power space capsules and satellites, 100 years after their introduction in 1838. The cathode, anode, and electrolyte of a fuel cell are similar to those of an electrochemical cell. The electrolyte in this cell allows the protons to move freely.
1.1.1. Components of fuel cell
A fuel cell comprises of four main elements:
a) Anode: This is a negative post about fuel cells. The anode conducts electrons that are not bound to the hydrogen molecule so that they can be used in an external circuit.

b) Cathode: This is a positive development for fuel cells. It recombines H and O ions to form water and sends electrons back from an external circuit to the catalyst.
c) Electrolytes: It's a proton exchange membrane that's been specifically treated. It just permits positively charged particles to go through. Electrons are blocked by the membrane.
d) Catalyst: Catalysts promote the reaction of oxygen and hydrogen in fuel cells. This will speed up the reaction time.
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Fig. 1: Schematic diagram of a fuel cell.


1.1.2. Working of the fuel-cell
· A hydrogen atom enters the anode.
· Atoms remove electrons from the anode.
· Protons travel through the partition to the cathode and negative charge particles go through the circuit, generating electricity.
· After passing through the circuit, the electrons combine with protons and O2 in the air to create H2O and heat, a byproduct of the fuel cell.

1.1.3. Advantages of the fuel cells
· The energy efficiency is about 80%.
· It has good dependability.
· Fuel cell technologies are eco-friendly.
· Compact in size and lighter in weight.

1.1.4. Disadvantages of the fuel cells
· Manufacturing costs are high.
· Lack of infrastructure for hydrogen transportation.
· Fuel cells are less-durable.
· Fuel cells are expensive.

1.2. CLASSIFICATION OF THE FUEL CELL
Fuel cells are categorized into six categories, that is defined below.
1.2.1. Alkaline Fuel Cell
The technique for electricity consumption is relatively expensive because the electrolyte employed in this device is an aqueous alkaline solution such as potassium hydroxide. H and O work as a main fuel. It has a 70% efficiency and can operate at temperatures ranging from 50 to 90 degrees Celsius. For outputs r anging from 300W to 5KW, pure hydrogen fuel and a platinum catalyst are required.
[image: ]Anode reaction:	H2 + 2OH- → 2H2O+ 2e- Cathode reaction:		½O2 + H2O + 2e- → 2OH- Overall reaction:	 H2 + ½O2 → H2O
Fig. 2: Schematic diagram of Alkaline fuel cell.
1.2.2. Phosphoric Acid Fuel Cells
Corrosive electrolytes cells are more impervious to CO2 and can work in either pure oxygen or pure hydrogen. Pt group metals work as catalysts and gold, tantalum, titanium, and carbon can be used as electrodes. Non- volatile acids like sulfuric acid and phosphoric acid must be employed as electrolytes. It can run on sulfur- free gasoline. It can function at temperatures ranging from 180 to 200°C and has an efficiency of about 80%. A total of 11 MW power units were put through their paces. Electrolytes are extremely corrosive, and platinum catalysts are extremely costly.
Anode reaction:	H2 → 2H+ + 2e- Cathode reaction: ½O2 +2H+ + 2e- → H2O Overall reaction:	 H2 + ½O2 → H2O
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Fig. 3: Schematic diagram of Phosphoric acid fuel cell.


1.2.3. Proton Exchange Membrane Fuel Cell
The PEM fuel cell is distinguished by its electrolyte, which is composed of a rigid polymer film that allows protons to go from one side of the cell to the further. It uses H and O as its essential information sources, though the oxidant can also be ambient air, and both gases must be moisturized. The membrane operates at a small temperature due to its thermal characteristics. Around 90 degrees Celsius is the operating temperature. Its efficiency ranges between 30% and 50%, and its operating temperature is between 120 and 180 degrees Celsius. Proton-conducting polymer membranes serve as electrolytes, and hydrogen serves as the fuel. It involves the application of an expensive catalyst.
[image: ]Anode reaction:	H2 → 2H+ + 2e- Cathode reaction:		½O2 +2H+ + 2e-→ H2O Overall reaction:	 H2 + ½O2 → H2O
Fig. 4: Schematic diagram of Proton Exchange Membrane fuel cell.

1.2.4. Solid Polymer Fuel Cell
Direct methanol fuel cell: Methanol act as the main fuel and is based on solid polymer technology. There are several major issues, consisting of the slow chemically and electrically activity of methanol contrast to H. Methanol also mixes with water, so some can pass through the water-saturated membrane on the cathode side, causing corrosion and exhaust gas problems. It has an efficiency of 97% and the temperatures range is from 30°C to 130°C. The catalyst is PtRu and the electrolyte is Du Pont's Nafion perfluorinated sulfonic acid type.
Anode reaction:	MeOH + H2O → CO2 + 6H+ + 6e- Cathode reaction:		3(½O2) + 6H++ 6e- → 3H2O
Overall reaction:	MeOH + H2O + 3(½O2) → CO2 + 3H2O
[image: ]
Fig. 5: Schematic diagram of Direct methanol fuel cell.
1.2.5. Molten Carbonate Fuel Cell
To transfer carbonate ions, the electrolyte in a molten carbonate fuel cell contains a melted fusion of Li2CO3 and K2CO3. The electrolyte is the carbonate salt, while the catalyst is nickel. It operates at about 600°C and is 60° efficient. It has a high low temperature, which shortens the life of the cell. Hydrocarbons are used as an energy source.
Anode reaction:	H2 + CO32- → CO2 + H2O + 2e- Cathode reaction:		½O2 + CO2 + 2e- → CO32- Overall reaction:	 H2 + ½O2 → H2O

[image: ]

Fig. 6: Schematic diagram of Molten carbonate fuel cell.
1.2.6. Solid Oxide Fuel Cells
SOF cells use an ionically conductive oxide ceramic as the electrolyte and operate at temperatures ranging from 900 to 1000 degrees Celsius. SOFCs have various advantages over other forms of fuel cells. There are fewer electrolyte issues. Controlled efficiencies of 50-60% are possible in cogeneration systems, allowing for internal reforming of hydrocarbon fuels. High operating temperatures are the main drawbacks.
Anode reactions:	H2 + O2- → H2O +2e-
CO + O2- → CO2 + 2e-
Cathode reaction:    O2 + 4e- → O2-
Overall reaction:	H2 + O2 + CO → H2O + CO2
[image: ]

Fig. 7: Schematic diagram of Solid Oxide fuel cell.



Table 1: Comparison of the various fuel cell.

	S.
No.
	Fuel Cell
	Electrolyte formula
	Temperature (°C)
	Output
	Electrical efficiency
	Uses

	1
	PEMFC
	Cn F(2n+1) SO3H
	55-85
	1-250KW
	50-62%
(Transportation)
	Backup power, portable power, and transportation, etc.

	2
	AFC
	Aq. KOH
	85-105
	10-100KW
	61%
	Military and space etc.

	3
	PAFC
	H3PO4
	145-205
	50KW-
1MW
	>38%
	Distributed generation.

	4
	MCFC
	Li2CO3, Na2CO3, K2CO3
	601-702
	1KW-
1MW
	40-45%
	An electric utility, large distributed generation, etc.

	5
	SOFC
	Yttria stabilized zirconia Samarium doped ceria.
	605-1010
	>1KW- 3MW
	30-45%
	Auxiliary power, electric utility,
large distributed generation, etc.



1.3. OBJECTION OF THE FUEL CELLS
The market orientation of fuel cells is associated with significant cost and durability issues. The business orientation of fuel cell technology is bounded by size, weight, temperature, and moisture control. These solutions must overcome barriers associated with higher cost and durability in transportation applications. PEM fuel cells can benefit from higher operating temperatures in immobile power plants where coproduction of thermal and electrical power is required. The main issues are:
· Cost: Costs must be reduced before fuel cell energy systems can compete with existing technologies. Automotive propulsion systems powered by internal combustion engines currently cost between $25 and $35 per kilowatt-hour, while fuel cell systems cost more, around $200 per kilowatt-hour.
· Durability and Reliability: Fuel cell systems have yet to be shown long-term viable. Fuel cell power systems for automobiles applications will need to be as long-lasting and authentic as current automotive engines.
· System Size: The dimension and mass of current zero-emission cell systems should be minimum to meet vehicle packaging requirements.
· Air, Thermal, and Water Management: The minimum temperature difference between working and atmospheric temperatures, involves huge heat exchangers, which makes thermal and water handling more difficult.
· Better Thermal Recuperation Methods: The small operational temperature of PEM fuel cells limits the amount of heat that can be completely employed in combined thermal and electrical power (CHP) uses. Regenerating desiccants in a desiccant cooling cycle that provide cooling from the low heat rejected by immobile fuel cell systems should also be explored.
· Competition with Other Technologies: Manufacturers are continuing to improve gasoline and diesel engine economy, hybrids are becoming more popular, and improvements in battery automation are building plug-in hybrids, fuel cell base cars, and electric vehicles more desirable.
· Safety: Hydrogen fuel is dangerous and must be operated with utmost care. As a result, engineers must optimise new fuel deposit and transporting techniques for safe daily use, and consumers must become more knowledgeable of hydrogen's profits and threats.
· Public Acceptance: Finally, to reap the benefits of fuel cell technology, customers must adopt it. Customers, like with hybrids, may be worried about the dependability and safety of these cars.
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Fig. 8: Challenges in the fuel cell industry.


1.4. LATEST DEVELOPMENT IN FUEL CELLS

Latest catalyst breakthroughs are crucial for the upcoming scope of fuel cell techniques and the broad-ranging marketization of pure electric energy for automobiles and factories, as they:

a. Diminishing expense with non-valuable metal impetus – a world first.
Platinum, an extremely costly precious metal, is used as a catalyst in most designs' cathode and anode layers. Platinum may contribute 9% to 16% of the price of a fuel cell mound. The following is the new fuel cell concept: It utilises 80% less platinum than Pt-based catalysts and is more resistant to air contaminants including SO2.

b. Cathode layer configuration conveys better execution and more prominent toughness.
Alloying metals like cobalt and nickel with platinum has long been recognized to increase cathode catalyst performance. These metals, however, are unstable in the fuel cell surrounding, and spill out during activity, bringing about execution misfortunes. This difficulty was controlled by creating a novel catalyst layer design that outperforms traditional catalyst layers in terms of performance and durability. Our high-performing design outlasts a more traditional version utilising the same metal catalyst by 5 times.

c. Advanced catalyst research activities
Through the review of the College of Western Ontario, a strategy for embodying Pt nanoparticles with zirconia nanocages to shield the Pt has brought about a ten times improvement in reactant soundness and more than six times increment idleness.

d. Anode layer configuration gives strong activity to a scope of conditions.
If sufficiently no fuel arrives at the anode impetus, the fuel cell will fail. Ballard has created a patented catalyst modification /anode catalyst layer outline that dramatically minimises deterioration while cutting material and manufacturing costs by minimising system management requirements. They have anode designs that can last several hours in this scenario, whereas they can only withstand several seconds without our exclusive therapy/pattern.

e. Focused on creating cutting edge fuel cell technology.
Ballard fuel cells, which have been in service in Transport for London buses for over 27,000 hours and are still going strong.

1.5. ARTIFICIAL INTELLIGENCE METHOD TO IMPROVE PERFORMANCE OF FUEL CELL
1.5.1. Maximize Real-Time Efficiency by Modelling and Managing PEM Fuel Cell Characteristics Utilizing Artificial Neural Network.

Fuel cells are extremely worthy due to their high performance, low disturbance measure, fine kinetics behaviours and less pollution, increasing the focus of fuel cell research. PEMFC has a broad scale of uses. Mainly in vehicles exploration, energy and electronics use. This paper investigates the development of a PEM fuel cell representation make use of ANN technology. The focus of this article is on finding recent fuel

cell control applications and future research and development trends in PEMFC control. The conversation starts with the figure and operating principle of a PEM fuel cell to acknowledge how the framework can be controlled all the more proficiently. ANN training approach can be executed to increase the efficiency of PEMFC stacks.

1.5.2. Artificial Neural Network Design of Proton Exchange Membrane Fuel Cells:
A three-level artificial neural network is utilized with a tan sigmoid transfer function in the hidden layer and a linear transfer function in the output layer. The ANN design handled 3 and 2 input and 2 output variables.
[image: ]
Fig. 9: An artificial neural network model for predicting PEMFC performance.
The V-I relationship can be considered linear up to 80%. So, knowing the operating current and voltage at a point gives the linear response to that point and the open-circuit voltage. Tables 2 and 3 define the dataset and input data used for ANN modelling.

Table 2: Data set to utilize in ANN designing.
	The flow of charge density (A/m2)
	Cell flow of charge (A)
	Cell potential linear character (V)
	Internal resistance and activation potential (V)
	Utilization resistance (Flow- concentration) (V)
	Internal resistance & activation character (V)
	Cell voltage using utilization character (V)

	0.0
	0.0
	1.1749
	0.0
	0.0000099
	1.1750
	1.1750

	1000.0
	50.0
	1.0729
	0.2070
	0.0000
	0.9050
	0.9050

	2000.0
	100.0
	0.9719
	0.3406
	0.0000
	0.8280
	0.8280

	3000.0
	150.0
	0.8710
	0.4060
	0.0000
	0.7690
	0.7690

	4000.0
	200.0
	0.7690
	0.4580
	0.0000
	0.7170
	0.7170

	5000.0
	250.0
	0.6680
	0.5060
	0.0000
	0.6680
	0.6680

	6000.0
	300.0
	0.5670
	0.5520
	0.0000
	0.6220
	0.6220

	7000.0
	350.0
	0.4650
	0.5960
	0.0000
	0.5780
	0.5780

	8000.0
	400.0
	0.3640
	0.6390
	0.0010
	0.5350
	0.5350

	9000.0
	450.0
	0.2630
	0.6820
	0.0010
	0.4930
	0.4920

	10000.0
	500.0
	0.1610
	0.7230
	0.0010
	0.4520
	0.4500

	4695.0
	234.750
	0.6680
	Working operational Point



Table 3: Inputs and Responsible Outputs Utilize in the ANN design.

	Variable
	Value (Range)

	Input

	The flow of charge Density
	0-7999.9
(A/m2)

	Working Temperature
	80.00C

	Working Pressure
	1.001 bar

	Output

	Potential of cell
	0-1.201 V



The training phase consists of an input and an output. 85% of the samples were used to train the neural network. An LMNN consists of an input, weights, summation, transfer function, and output.

ʌw= [JTJ + µI]-1 * JT e
where, J= Jacobian matrix, JTJ =Hessian matrix, I= Identity matrix, µ= Learning matrix, e= Error vector.

xjh= f [ ∑ (xi W h ) = bjh W h	]i ,f	n i=1,f


where, xjh= Outturn of hidden node j, Wih = weight linking input node i at hidden node j, bjh= input partiality to hidden node j, Wni+1,jh= weight linking bias to hidden node j, ni= quantity of input nodes and f(x)= sigmoid expression.,j


1.5.3. RESULT AND DISCUSSION

[image: ]Models fitted with the Levenberg-Marquardt mathematics techniques were acquired employing MATLAB Toolbox which consists of three inputs and an output. The model used 70% for guidance, 15% for trial, and 15% for confirmation.
Fig. 10: Current density versus power.
Figure 11 exhibits the regression plots get from the test statistics and the interrelated neural matrix design at the last of the guidances state. The ratio ranges from 0 to 1, which is a tunable variable for the backpropagation training mathematical techniques.

[image: ]

Fig. 11: Regression plot of physical output versus predicted output.

[image: ]When the ANN is trained using an error backpropagation technique, the weights and biases of the system are improved. The objective expression utilise to improve a neural system is the addition of the squares of the difference in the middle of the needed and anticipated outputs. The ANN approach has somewhat higher predictive exactness in the company of correlation coefficient R.
Fig. 12: Error histogram
Table 4 compares the values coming from the physical cell with those that came from the advanced ANN design.
Table 4: Comparison of physical output and ANN output

	OUTPUT OF CELL
	OUTPUT OF ANN

	POTENTIAL
	POWER
	POTENTIAL
	POWER

	1.17457090
	0.0
	1.170
	00

	1.07325690
	53.6628590
	1.0680
	54.6590

	0.97194290
	97.1942890
	0.980
	96.51990

	0.87062890
	130.594290
	0.880
	132.5490

	0.76931390
	153.862890
	0.750
	154.09590

	0.66790
	166.99
	0.680
	169.74490

	0.56668590
	170.0056.9
	0.550
	171.56399

	0.46537090
	162.8799
	0.4450
	160.56499

	0.36405690
	145.62280
	0.3550
	145.22299

	0.26274299
	118.23430
	0.2620
	119.65399

	0.16142890
	80.714260
	0.1570
	80.1530



The highest expansion of the potential of the cell is 1.073V and the highest incrementation of power of the cell is 153.86W, which is very important for the practical use of fuel cells.

2. CONCLUSIONS
Fuel cells may prove to be the most successful option to internal combustion drives and furnaces, allowing for a carbon-free green wealth and potentially a green commercialization uprising. Because of its low dependability, fuel cell repair and maintenance costs might climb by up to 60%, resulting in a large cost increase and reduced fuel cell availability. As a result, increasing maintenance and repair costs, as well as poorer accessibility, are the major obstacles to customer accessibility and fuel cell marketization. The fuel cell business has technological challenges in terms of dependability and durability. In the preceding discussion, we covered fuel cells and their many types, and we determined that the Alkaline fuel cell is the best since it reaches a combined heat and power efficiency of 87 per cent. We`ve additionally mentioned the troubles with the layout and feasible adjustments. We mentioned how we would higher ourselves. It may be discovered that Levenberg Marquardt (LM) backpropagation set of rules is the exceptional getting to know approach this is utilized to separate the characteristics of the PEM energy unit for general execution. This chapter additionally indicates that the anticipated values from the mentioned neural group may be utilized and anticipating whole characteristics of the PEMFC for special situations.
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