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Abstract—The global market is currently focused on the 

imperative task of reducing carbon emissions and shifting 

towards the generation of green electrical energy. A key strategy 

in achieving this goal involves harnessing power from clean 

sources, with fuel cell emerging as a prominent solution. Proton 

Exchange Membrane Fuel Cells (PEMFC), especially those 

utilizing hydrogen and oxygen, holds tremendous promise as a 

reliable source of power. In fuel cell-powered vehicles, the 

fuel cell serves a pivoted role by providing primary 

propulsion power and functioning as a range extender for 

battery operated cars. The demand for fuel cell vehicles is 

expected to expand significantly over the projected time frame. 

This paper aims to provide an overview of the current landscape 

and future prospects of PEM Fuel Cells, particularly in the 

context of fuel cell vehicles and their contribution to reducing 

carbon emissions in the transportation sector. This paper 

presents a comprehensive study on the integration of Brushless 

Direct Current (BLDC) motors with Proton Exchange 

Membrane Fuel Cells (PEMFC) for Electric Vehicle (EV) 

applications. As the demand for sustainable and efficient 

transportation solutions grows, the combination of PEMFCs 

and BLDC motors offers a promising alternative to traditional 

battery-powered systems. Ultimately, this research aims to 

contribute to the development of cleaner, more efficient EV 

technologies, paving the way for a sustainable future in 

transportation.  

 

Keywords—Fuel Cell, PEMFC, Power Converter, BLDC 

Motor, Electric Vehicles. 

I. INTRODUCTION 

The recent upsurge in power demand, combined with the 

unpredicted nature of rising oil costs and escalating 

environmental concerns, has elevated the importance of 

renewable energy [1-2]. Among the various renewable 

energy sources, fuel cell (FC) technology has garnered 

significant attention due to its superior efficiency, clean 

operation, and cost-effective power supply, as demanded by 

consumers. In the realm of fuel cells, proton exchange 

membrane (PEM) FC technology holds a leading position 

among competitive forms, making it a preferred choice for 

numerous applications [3, 15]. 

Advanced propulsion technologies, such as fuel cell 

electric vehicles, have the potential to profoundly influence 

future mobility. In the past two decades, alternative 

automotive powertrain concepts have been gaining 

increasing attention. PEM fuel cell systems, in particular, 

demonstrate high efficiency in generating electric power; 

operate with low noise, and produce minimal or no emissions 

when utilizing hydrogen and oxygen. Despite the 

advancements in battery electric vehicles, they have faced 

challenges in gaining widespread acceptance as a low-noise, 

emission-free alternative due to limited operating ranges, 

long recharge times, and comparatively lower efficiency [4, 

31]. In this context, fuel-cell electric vehicles have recently 

been introduced to the global market [5, 39]. A fuel cell-based 

electric vehicle can be a great alternative to internal 

combustion engine vehicles in the near future [6, 9, 13]. 

Simulation is a virtual tool for conducting various types of 

experiments to reduce costs and time and increase the 

effectiveness of the experiments [7]. 

II. WORKING OF FUEL CELL ELECTRIC VEHICLE 

SYSTEM 

As recommended by NITI AAYOG e-Amrit; compared 

to petrol or diesel vehicles, an electric vehicle has 

significantly reduced operating and maintenance costs. 

Instead of utilizing fossil fuels like petrol or diesel to charge 

their batteries, electric vehicles use electricity. Due to their 

greater efficiency and the lower cost of power, charging an 

electric car is more affordable than purchasing fuel or diesel 

for your travel needs. The use of electric vehicles can be more 

environmentally benign when powered by renewable energy 

sources. If charging is done with the aid of renewable energy 

sources installed at home, such as solar panels, the cost of 

electricity can be further decreased. 

As one of the most potential EVs (Electric Vehicles), FC-

HEV (Fuel Cell-Hybrid Electric Vehicle System) uses fuel 

cell to generate electricity from hydrogen and air. The 

electricity is used to drive the vehicle. PEMFC-EVs (Proton 

Exchange Membrane Fuel Cells-Hybrid Electric Vehicles) 

use PEMFC as their main energy source [8, 19, 30]. Fig.1 

indicates the power flow in a FCEV (Fuel Cell Electric 

Vehicle System), the power converter connected to Brushless 

DC motor. The driver power comes from a BLDC motor, the 

power supply sources available as PEMFC. Because of EV 
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controllability, Brushless direct current (dc) motor is a great 

driving force [9-10]. 
 

 
Fig.1. Block diagram of Electric Vehicle 

 

A. Fuel cell technology in automobile sector 

The fuel cell vehicles are better alternative to the battery 

driven electric cars as they are light in weight, smaller in size, 

offer supply of power for a long time, easily replaceable 

cartridges and no self-discharge with time. Fuel Cell Vehicle 

(FCV) can be made compact and hence improve the 

packaging of power trains in vehicles [11]. It is quite simple 

and contains no moving parts. The fuel cell technology offers 

low noise and vibration free operation even in high 

acceleration period when the fuel demand is high [12-13]. 

B. Proton exchange membrane fuel cell (PEMFC)  

As the name suggests, the operational part of the proton 

exchange membrane fuel cell is the proton exchange 

membrane. PEMFCs are low-temperature fuel cells with 

operating temperatures between 60 and 100ºC. They are 

lightweight compact system with quick start-up processes. 

The sealing of electrodes in PEM fuel cells is easier compared 

to other types of fuel cells because of the solidity of the 

electrolyte. PEMFC systems are generally used in portable, 

transportation and stationary applications. The schematic 

diagram of PEMFC is shown in Fig. 2. This type of fuel cell 

requires the least amount of maintenance for the reason that 

there are no moving parts in the power-generating stacks of 

the fuel cells. This type of cell technology uses hydrogen and 

oxygen gases as fuels. As a result, the electrochemical 

reaction between Hydrogen and Oxygen in the cell, 

electricity, water, and heat are produced. As Oxygen is found 

in the air in a large quantity, we only need to produce 

hydrogen to run the cell. Hydrogen is produced through the 

electrolysis process. PEMFC uses a solid polymer as an 

electrolyte and porous carbon electrodes containing a 

platinum or platinum alloy catalyst. The materials used as 

anode and cathode electrodes in proton exchange membrane 

membrane fuel cells are platinum or platinum-ruthenium and 

platinum and eq. (i) and (ii) describe the reactions at the 

anode and cathode [14, 15]. 

H2 → 2H+ + 2e−       (i) 

0.5O2 + 2H+ + 2e− → H2O      (ii) 

 
    Fig.2. Schematic diagram PEMFC 

III. ELECTRICAL TOPOLOGY USED IN FUEL CELL VEHICLE 

SYSTEM 

The electrical topology of Fuel Cell Electric Vehicle 

(FCEV) system comprises several key components that 

collaborate to generate power and propel the vehicle [16]. 

These components include fuel cell system, hydrogen storage 

system, power electronics devices, controller, electrical 

machine (BLDC motor) and power rating of EV. The Fuel 

Cell Electric Vehicle system consists of a fuel cell connected 

to a BLDC motor and DC/DC buck Converter to provide the 

required input voltage for the BLDC (Brushless Direct Current) 

motor which, in turn, runs following a required speed [17]. 

A. Fuel Cell  

The Matlab fuel cell model developed for power 

generation is shown in Fig. 3. In a fuel cell, electricity is 

generated through the electrochemical reaction between 

hydrogen and oxygen gases, resulting in the formation of 

water. The process generally involves delivering hydrogen to 

the anode, where it undergoes a reaction, releasing electrons 

[18]. This process is typically facilitated by planar electrodes 

arranged in a stack configuration. An external circuit is then 

connected to the anode, creating a pathway for the movement 

of electrons from the anode to the cathode, thus producing 

electric power [19]. 

Beyond the fuel cell stack, a Proton Exchange Membrane 

Fuel Cell (PEMFC) system comprises several other 

components, included but not limited to air delivery system, 

hydrogen delivery system, thermal and water management 

system [20]. These components work together to create a 

functional and efficient PEMFC system, ensuring a 

continuous and reliable supply of electricity through the 

controlled reaction between hydrogen and oxygen [21]. The 

characteristics of the Proton exchange membrane fuel cell are 

shown in Fig. 4. 

 
Fig.3. Fuel Cell  
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Fig.4. Fuel Cell Characteristics 

B. Hydrogen Storage System 

The hydrogen required to power Fuel Cell Electric 

Vehicles (FCEVs) is stored onboard the vehicle itself. 

Hydrogen storage in carbon materials is considered highly 

promising because carbon is one of the very few lightweight 

materials that remain solid at room temperature [22]. This 

storage method contributes to the practical implementation of 

FCEVs. 

Hydrogen, when created from renewable sources, does 

not contribute to global warming and is recognized as a non-

polluting energy carrier [23-24]. The versatility of hydrogen 

production from various renewable energy sources is a focal 

point of discussions. Hydrogen is well suited for various 

applications, including stationary, portable, and 

transportation uses [20, 25]. This highlights its potential as a 

clean and versatile energy carrier that can play a key role in 

sustainable energy solutions. 

C. BLDC Motor 

Brushless Direct Current (BLDC) motors are favored for 

small horsepower control applications due to their notable 

advantages, including high efficiency, silent operation, 

compact form, reliability, and low maintenance requirements. 

Technological advancements over the past two decades, 

particularly in power semiconductors, adjustable speed driver 

control schemes and the production of permanent-magnet 

brushless electric motors, have converged to provide reliable 

and cost-effective solutions for a wide range of adjustable 

speed applications [26]. 

BLDC motors are employed across various market 

segments such as appliances, automation, industrial control, 

aviation and more. The absence of brushes in a BLDC motor 

means that commutation is controlled electronically. To 

rotate the motor, the stator windings must be energized in a 

specific sequence and the position of the rotor (North and 

South poles) must be precisely known to energize a particular 

set of stator windings. The advantages of BLDC motors 

include, no mechanical commutator and associated problems, 

high efficiency due to the use of permanent magnet rotor, 

high speed operation in both loaded and unloaded conditions, 

as there are no brushes limiting the speed, smaller motor 

geometry and lighter weight compared to both brushed-type 

DC and induction motors, long life with no need for 

inspection and maintenance of a commutator system [25, 27]. 

For an electric vehicle with a load of 450 kg, a 3 kW 

Brushless DC motor with an excitation voltage of 48V is 

selected as the traction motor. Unlike DC motors, BLDC 

motors use an electric commutator rather than a mechanical 

one, making them more reliable. In BLDC motors, rotor 

magnets generate the rotor’s magnetic flux, contributing to 

higher efficiency [28]. 

D. Buck Converter 

To achieve the required controlled voltage levels for 

supplying electricity to the electric vehicle system, a 

converter is an essential component [29]. Power electronic 

devices play a crucial role in regulating the output voltage of 

the fuel cell, providing stability to the variations in the fuel 

cell stack’s output. DC/DC converters, as power electronic 

devices, are responsible for converting an often-unstable 

electrical voltage at the input into a stable voltage at the 

output [30-31]. 

In the automotive field, the voltage needed by the electric 

motor is met through the output of the converter. For instance, 

in the case of a Brushless DC (BLDC) motor connected to the 

Power converter, a Buck converter is commonly used [32-

33]. The converter serves as the input source for the electrical 

machine, driving the vehicle and supplying power to 

auxiliary loads such as lighting, windshield wipers and other 

electrical components. Fig. 5 shows the circuit diagram of 

buck converter. The converter’s role is crucial in ensuring a 

stable and suitable power supply for both the vehicle’s 

propulsion and auxiliary systems [34-35]. 

Design Calculation: The design equations for a boost 

converter are given in equations (iii)-(viii); defining various 

terms as follows: 

 
Fig.5. Buck Converter 

Ioutmax= 

𝑃

𝑉𝑜𝑢𝑡
          

(iii) 

Δ IL=0.01*Ioutmax              

(iv) 

Δ Vout=0.01*Vout               (v) 

Value of Inductor L: 

L =  
{Vout∗(Vin−Vout)}

(∆IL∗fs ∗Vin)
         (vi) 

Value of Capacitor C:   

𝐶  =

𝛥 𝐼𝐿

(8∗𝑓𝑠∗𝛥𝑉𝑜𝑢𝑡)
         (vii) 

Value of Resistance R:   

R= 

𝑉𝑜𝑢𝑡

𝐼𝑜𝑢𝑡𝑚𝑎𝑥
                               (viii) 

Where: 

Vin is the input voltage, 

Vo is the output voltage, 

fs is the switching frequency, 
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ΔIL is the inductor ripple current, 

ΔV is the Capacitor ripple voltage,  

Ioutmax is the maximum output current. 

These equations provide the values for the inductor (L), 

capacitor (C), and load resistance (R) in a boost converter 

design, considering key parameters such as input and output 

voltages, switching frequency, and desired current and 

voltage ripples. 

PI controller  

A Proportional-Integral (PI) controller is a feedback 

mechanism commonly used in industrial control systems. In 

industrial processes, a PI controller aims to correct the error 

between a measured process variable and desired set point by 

calculating and then outputting corrective action to adjust the 

process accordingly. The PI controller’s calculation involves 

two separate modes: the proportional mode, and the integral 

mode. The proportional mode determines the reaction to the 

current error, while the integral mode determines the reaction 

based on recent errors. The weighted sum of the outputs from 

these two modes serves as the corrective action applied to the 

control element. The PI controller is widely employed in 

industries due to its ease of design and simple structure (Fig. 

6) [36-37]. 

 

PI controller algorithm can be expressed as follows: 

Output (t) = KP e(t) + KI∫ 𝑒 (𝝉) 𝑑𝝉
𝑡

0
 

Where e(t)represents the error, calculated as the set reference 

value minus the actual value, 

KP is the proportional gain, 

KI is the integral gain. 

This algorithm allows the controller to adjust the output based 

on both the current error and the accumulated historical error, 

providing a robust method for controlling any process. 

 
Fig.6. Block diagram of PI controller 

F. Power rating based on vehicle dynamics 

When determining the power rating of a vehicle, various 

vehicle dynamics factors such as rolling resistance, gradient 

resistance, aerodynamic drag, etc. must be taken into 

consideration. For the selection of the motor rating, an 

electric car with a gross weight of 450 kg is considered [38].  

The force required to drive the vehicle is calculated as 

follows: 

Ftotal=Frolling +Fgradient+ F aerodynamic drag     (ix) 

 

Where: 

Ftotal is the total tractive force  

Frolling is the force due to Rolling Resistance  

Fgradient is the force due to Gradient Resistance  

Faerodynamic drag is the force due to Aerodynamic Drag.  

 

The vehicle is subjected to different resistances while 

driving. These resistances create a force that counteracts the 

movement of the vehicle. In the vehicle, the electric motor 

ensures acceleration by generating a torque that exceeds the 

resistance forces acting on the vehicle. As the resistance 

forces acting on the vehicle increase, the force required to 

move the vehicle also increases and, as a result, significantly 

increased energy consumption. Vehicles are influenced while 

driving by aerodynamic resistance, rolling resistance, 

acceleration and gradient resistance. These resistances acting 

on the vehicle are included in the model [39]. 

This equation accounts for the combined effects of rolling 

resistance, gradient resistance, and aerodynamic drag, 

providing a comprehensive understanding of the forces acting 

on the vehicle that the motor must overcome for effective 

propulsion. 

a. Rolling resistance 

Rolling resistance is the resistance a vehicle encounters 

due to the contact of its tires with the road. The formula for 

calculating the force due to rolling resistance is given by 

equation (vii):  

Frolling=Crr*M*g          (x) 

Where: 

Crr is the coefficient of rolling resistance, 

M is the mass in kgs, 

g is the acceleration due to gravity (9.81 m/s2). 

For the application considered, Crr is set to 0.01, and M is 

450 kg. Therefore: 

Frolling= 0.01*450*9.81=44.145 N  

Power required to overcome the rolling resistance of 44.145 

N is calculated using equation (xi): 

 

Prolling= Frolling*V/3600= 156.96*100/3600= 1.226 kW   (xi)  

Where V is the velocity in km/h. This provides an estimation 

of the power required to overcome the rolling resistance at a 

given velocity. 

b. Gradient resistance  

The gradient resistance of a vehicle is the resistance it 

encounters while climbing a hill, traveling on a flyover, or 

moving downhill. The angle between the ground and the 

slope of the path is denoted as α.The formula for calculating 

the gradient resistance is given by equation (xii): 

  

Fgradient resistance=+ M*g*sin α       (xii)  

In this illustration, let’s assume the electric car is 

travelling on a flat road. Therefore, the angle α is 0⁰. 

Substituting this value into the formula: 

Fgradient= 450*9.81*sin 0⁰= 0 N.                   (xiii)  
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In this case, the gradient resistance is 0 N, and 

consequently, the power required to overcome the gradient 

resistance is also zero. This implies that when the electric car 

is on the flat road, no additional power is needed to overcome 

the resistance associated with the gradient. 

c. Aerodynamic drag  

The resistive force acting on the vehicle due to as 

aerodynamic drag is determined by the formula given by 

equation (xiv):  

Faerodynamic drag= 0.5*CA*Af*ρ*(V+Vo)2    (xiv)  

When a vehicle operates at a constant speed, the three 

principal forces are the aerodynamic drag, rolling resistance, 

and gravitational force. In this specific scenario, let’s assume 

the power required to overcome aerodynamic drag and other 

resistive forces is approximately 1.3 kW. Therefore, the total 

tractive power required to move the vehicle is given by: 

Ptotal= 1.226 kW+1.3 kW= 2.526 kW.     (xv) 

However, selecting an electric motor with an output 

power rating of 2.526 kW is not considered an effective 

decision. It is important to account for losses that occur 

during power transfer to the wheel. Thus, the mechanical 

power output (Mtractive) required to drive the vehicle is 

determined by equation (xiii):  

Mtractive = Ptotal / efficiency                  (xiii)  

Where η represents the efficiency of the transmission gear 

system. Assuming the efficiency of the transmission system 

is 0.85, the mechanical power output required is calculated as 

follows:  

Mtractive=Ptotal / efficiency = 2.526/0.85=2.97 ≈ 3 kW  

Therefore, it is recommended to select a motor with an 

output power rating of 3 kW when determining the power 

rating for a 450 kg electric vehicle. This method provides an 

estimation of the power required for driving an electric car 

with a specific load, considering losses in the system. 

TABLE-1 

Power Rating Of The Designed Motor 

Sr. No. Parameter Values 

1 Input power 4.6 kW 

2 Output power 3.0 kW 

3 Maximum Output Power 5.0 kW 

4 Losses 1.6 

 

IV. SIMULATION RESULTS  

Fig. 7 shows the Simulink model of proposed PEMFC-

EV (Proton exchange membrane uel Cell-Electric Vehicle) 

System. The motor picked is a BLDC (Brushless direct 

Current) motor with a nominal output of 3 kW, making it the 

optimal choice for a light weighted electric vehicle. A 48 V 

DC, 5 kW PEMFC stack is connected to a DC/DC power 

converter, which is loaded by a 5 kW RL element with a PI 

controller. The use of a PEM Fuel cell is deemed suitable for 

electric vehicles, taking into consideration environmental 

conditions.  

The proposed work is implemented using 

MATLAB/Simulink software, and the results are validated 

for the parameters outlined in Table.1. The power generated 

by the fuel cell and consumed by the BLDC motor to propel 

the electric vehicle and power auxiliary loads are examined. 

According to calculations [40], a 48-volt, 3-kW supply is 

deemed sufficient for an electric vehicle weighing 450 kg. 

 

 
Fig.7. Simulink Model of PEMFC-EV System 

RESULT AND DISCUSSION 

Based on the simulation of PEMFC, the input and output 

characteristic curves have been acquired by utilizing 

MATLAB/Simulink. The input and output curves of the 

PEMFC model are presented in Fig.8 and Fig.9. For a pure 

fuel cell-powered electric vehicle designed to have an output 

power capability of 3.0 kW, it can be observed that the fuel 

cell meets the required energy source.  

Fig.8. and Fig. 9. depict the input and output simulation 

results for a BLDC-operated electric vehicle. A slide 

deviation is noticed in Fig. 8, which is unsatisfactory for 

electric vehicles as the power of electric vehicles is fixed 

according to the gear mechanism. This issue has been 

addressed by employing a power converter interface. The 

vehicle can operate in both forward and reverse modes, as 

shown in Fig.9, where the threshold is set to a minimum of 

0.05 sec and a maximum of 0.09 sec. The Full operating mode 

will also be engaged during start-up, after 0.1 seconds, this 

enhances EV stability and provides the capacity to operate 

under various conditions by adjusting the gear. Fig.10 shows 

the Comparative Input and Output characteristics of the fuel 

cell system, which is clearly shows the output voltage is 

stepped down to the desired output voltage. 
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Fig.8. Input characteristics of fuel cell 

 

 

 

 
Fig.9 Output characteristics of fuel cell 

 

 
Fig.10 Comparative characteristics of Input / Output 

 

Fuel saving strategies applied to recently proposed power 

control topologies for hybrid propulsion systems based on 

fuel cells and other renewable energy. The future of FCEV 

(Fuel Cell- Electric Vehicle) topologies lies in hybridizing 

the existing components to create an optimal propulsion 

system that is competitive with the modern automotive 

market. For transportation systems, an integrated system 

should be designed and developed if it is integrated into the 

microgrid. 

V. CONCLUSION AND FUTURE SCOPE 

This research paper focuses on the construction of the 

light four-wheeled electric vehicle powered by a 3 kW 

nominal power brushless DC motor (BLDC), which is 

deemed to be the optimal solution for this type of vehicle. The 

incorporation of a 3 kW BLDC motor contributes to the 

vehicle’s speed and power, aligning it with the performance 

of other electric cars. Similar to all-electric vehicles, fuel cell 

electric vehicles (FCEVs) utilize electricity to propel an 

electric motor. However, in contrast to other electric vehicles, 

FCEVs generate electricity through a fuel cell powered by 

hydrogen, rather than relying solely on a battery for power. 

FCEVs, powered by hydrogen, boast higher efficiency 

compared to traditional internal combustion engine vehicles 

and emit only water vapor and warm air, eliminating harmful 

tailpipe emissions. 

The growing interest in fuel cell vehicles is driven by 

concerns over fossil fuel depletion and environmental issues. 

Major automobile manufacturers are actively addressing 

technical challenges to enable mass production, and there is 

a widespread prediction that fuel cell vehicles will achieve 

commercial viability by 2025, competing effectively against 

internal combustion engines by 2030. This paper explores 

general aspects related to fuel cell technology and introduces 

the development of a model for a fuel cell electric vehicle 

operated by BLDC motors. While PEMFCs present a 

promising alternative for electric vehicles, their current 

economic feasibility is challenged by high initial costs, 
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limited infrastructure, and competition from rapidly 

advancing battery technologies. However, targeted 

investments in hydrogen infrastructure, and technological 

advancements could enhance their viability in the long term. 

Considering both economic factors and environmental 

impacts will be crucial for determining the future landscape 

of sustainable transportation technologies. 
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