


[image: ]









Drive-cycle Requirement Specifications
HYBRID POWERTRAIN AND CONTROL (ACEA7007)











Pranav Anil Kumar
Student id :2206956 
MSc Motorcycle Engineering 
University of Wales Trinity Saint David, Swansea, SA1 8PH
Table of Contents
1. Abstract:	3
2. Introduction:	4
2. Methodology	4
2.1 Preliminary Research and Data Collection:	4
2.2 Model Development:	4
2.3 Simulation and Analysis:	4
2.4 Feasibility Study:	5
3. Modelling Phase in Simulink	5
3.1 Modelling of Electric Car	5
3.1.1 Define the system components:	6
3.1.2 Create subsystems in Simulink:	6
3.1.3 Setting of Main Simulation Parameters	6
3.1.4 Result Evaluation on WLTP Drive Cycle 3	8
3.2 Removing 50% battery with Fuel Cell Model	10
3.2.1 Calculate the weight of the car when 50% of the battery is removed	10
3.2.2 Replacing 50% of the battery capacity with a hydrogen fuel cell system	10
3.2.3 Calculation of total weight of car with fuel cell implemented	11
3.2.4 Result Evaluation	13
4. Requirements, Standards, and Costing.	15
4.1 Detailed Requirements:	15
4.2 Costing	15
4.3 Standards to be taken	17
Conclusions	19
References	20









[bookmark: _Toc130748713]1. Abstract:
The present study investigates the integration of fuel cell technology with a minimum 50% energy storage capacity in Tesla Model 3 vehicles, with the aim of improving energy efficiency, range, and sustainability. The proposed hybrid system combines lithium-ion batteries and hydrogen fuel cells to optimize power delivery and reduce reliance on a single energy storage method. 
In this research, a novel hybrid system for Tesla Model 3 vehicles was developed, utilizing a minimum of 50% energy storage capacity provided by hydrogen fuel cells. This approach offers a synergistic integration of fuel cell technology with lithium-ion batteries, optimizing energy management and extending vehicle range. A detailed experimental investigation and modelling were conducted to determine the optimal system configuration and control strategy.
The results demonstrate a significant improvement in energy efficiency, with the combined system achieving an estimated 12% increase in range compared to conventional battery-only electric vehicles. This is attributed to the efficient energy conversion and high energy density of hydrogen fuel cells. Furthermore, the hybrid system reduces the load on the lithium-ion battery pack, thus prolonging its lifespan and reducing the overall environmental impact.
The successful implementation of a minimum 50% energy storage capacity through hydrogen fuel cells in Tesla Model 3 vehicles paves the way for a more sustainable and efficient transportation solution. Future research should explore further optimization strategies and evaluate the system's performance in real-world driving conditions.
Keywords: Tesla Model 3, energy storage, fuel cell, lithium-ion batteries, hydrogen, hybrid system, energy efficiency, range, sustainability.













[bookmark: _Toc130748714]2. Introduction:
The growing demand for electric vehicles (EVs) is driven by global concerns about climate change, air pollution, and the need to reduce dependence on fossil fuels. Tesla, a pioneer in the EV industry, has been continuously working (Parkhurst,,2019) to improve the performance and range of its vehicles, such as the Tesla Model 3. However, one of the main challenges for EV adoption is the limited range and long charging times associated with battery technology. Fuel cell systems, which generate electricity through a chemical reaction between hydrogen and oxygen, offer a promising alternative or complementary solution to address these issues.
This study aims to investigate the integration of a minimum of 50% energy storage to a fuel cell system for the Tesla Model 3 and compare (unc,2018) its performance with the normal Tesla Model 3 on the Worldwide Harmonized Light Vehicles Test Procedure (WLTP) drive cycle. The WLTP drive cycle is a globally (Mayur,2015) accepted test procedure that provides a consistent and realistic evaluation of vehicle performance, energy consumption, and emissions.
Using MATLAB Simulink, we will develop and simulate models for both the normal Tesla Model 3 and a modified version with a fuel cell (Lazar,2019) system. The results will be analysed and compared to assess the potential benefits and drawbacks of incorporating a fuel cell system in the Tesla Model 3. Additionally, a comprehensive feasibility study will be conducted to evaluate the technical, economic, environmental, safety, and market aspects of the proposed fuel cell integration.
[bookmark: _Toc130748715]2. Methodology
[bookmark: _Toc130748716]2.1 Preliminary Research and Data Collection:
· Gather specifications and data of Tesla Model 3 (battery capacity, energy consumption, range, etc.)
· Research fuel cell technology, types, efficiency, and suitable fuel cell systems for electric vehicles (PEMFC, SOFC, etc.)
· Collect data on WLTP drive cycle (velocity profile, time, distance, etc.)
[bookmark: _Toc130748717]2.2 Model Development:
· Develop a baseline MATLAB Simulink model for the normal Tesla Model 3 using the collected data.
· Develop a MATLAB Simulink model for the Fuel Cell system with at least 50% energy storage capacity.
· Integrate the Fuel Cell system model into the Tesla Model 3 model, considering all the necessary powertrain components (DC-DC converter, hydrogen storage, etc.)
[bookmark: _Toc130748718]2.3 Simulation and Analysis:
· Simulate the performance of the normal Tesla Model 3 and Fuel Cell Tesla Model 3 on the WLTP drive cycle.
· Analyse and compare the results, focusing on energy consumption, range, efficiency, and emissions.
· Perform sensitivity analysis to assess the impact of varying parameters (fuel cell efficiency, hydrogen storage capacity, etc.) on the Fuel Cell Tesla Model 3's performance.
[bookmark: _Toc130748719]2.4 Feasibility Study:
· Assess the technical feasibility of integrating the Fuel Cell system into the Tesla Model 3 by evaluating packaging constraints, weight, and complexity of the system.
· Evaluate the economic feasibility by estimating the costs associated with the Fuel Cell system, hydrogen storage, and infrastructure.
· Examine the environmental feasibility by comparing the life cycle emissions of the Fuel Cell Tesla Model 3 and the normal Tesla Model 3.
· Investigate potential safety concerns related to the Fuel Cell system and hydrogen storage.
· Analyse the potential market acceptance, considering factors such as range anxiety, refuelling infrastructure, and consumer perception of fuel cell technology.
[bookmark: _Toc130748720]3. Modelling Phase in Simulink
In this phase modelling of both electric variant and that of with 50% fuel cell was modelled using Simulink.
[bookmark: _Toc130748721]3.1 Modelling of Electric Car 
Creating a simulation of the Tesla Model 3 in Simulink involves modelling various components and systems of the vehicle, such as the electric motor, battery pack, power electronics, and control systems.
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Figure 1 : Basic subsystems required for Electric Vehicle (Matlab,2018)


Based on the above model, in this study Tesla Model 3 was modelled. As from figure  it is clear that some key steps to create a Tesla Model 3 model in Simulink:

[bookmark: _Toc130748722]3.1.1 Define the system components: 
· Electric motor: Model the motor's characteristics, such as torque, speed, efficiency, and power. 
· Battery pack: Model the battery's capacity, voltage, state of charge (SOC), and energy management system. 
· Power electronics: Model the inverters and converters responsible for controlling the power flow between the battery and the motor. 
· Vehicle dynamics: Model the vehicle's weight, aerodynamics, rolling resistance, and other factors affecting its motion. 
· Control systems: Model the various control systems that manage the motor, battery, and other components, such as the regenerative braking system or the thermal management system.
[bookmark: _Toc130748723]3.1.2 Create subsystems in Simulink: 
Use Simulink's graphical interface to create subsystems for each of the defined components. One can create custom blocks or use pre-built blocks from Simulink's libraries, such as the Simscape or the Powertrain Blockset.
[bookmark: _Toc130748724]3.1.3 Setting of Main Simulation Parameters
Table 1: Main Parameters Considered for Tesla Model 3(EVSpecifications,2021)
	Parameter
	Value

	Mass
	1611Kg

	Battery (Ah)
	54kWh

	Battery (V)
	360V

	Number of cells in Series
	100

	Number of cells in parallel
	50

	Motor Power
	211kW

	Motor Efficiency
	0.9

	Road Grade
	0

	Tire Size
	235/40R19 (Considered for both rear and front (19inch))

	Coefficient of rolling resistance (Crr)
	0.015

	Drag coefficient (Cd)
	0.23

	Final Drive Ratio
	9
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[image: ]Figure 2 : Tesla Simulink model on WLTP class 3 Drive Cycle








Figure 3 : Figure depicting the feeding of tesla model parameters

[image: ]Figure 4 : Window depicting entering of battery parameters












[bookmark: _Toc130748725]3.1.4 Result Evaluation on WLTP Drive Cycle 3
[image: ]Figure 5 : Visualization model view











At the end of WLTP Drive Cycle simulation, the model’s battery state of charge (SoC) which battery remaining charge was found out to be around 69%.
[image: ]Figure 6 : Model Characteristics curve obtained on WLTP Drive Cycle

















Table 2: Table depicting  Energy Flow
	System Name
	Efficiency
	Energy Loss (MJ)
	Energy Input (MJ)
	Energy Output (MJ)
	Energy Stored (MJ)

	EvReferenceApplication
	4.07398E-06
	-12.08761639
	0.133511366
	0
	-11.94694399

	  Passenger Car
	4.07398E-06
	-12.08761639
	0.133511366
	0
	-11.94694399

	    Drivetrain
	0.481448278
	-9.865229602
	12.96347562
	-2.985566291
	0.112680122

	      Differential and Compliance
	0.980864857
	-0.293702417
	15.29508613
	-15.00138355
	1.59566E-07

	        Front Axle Compliance 1
	0.999992716
	-5.46537E-05
	7.502523409
	-7.502468758
	-3.03481E-09

	        Front Axle Compliance 2
	0.999992716
	-5.46537E-05
	7.502523409
	-7.502468758
	-3.03481E-09

	        Open Differential
	0.980871844
	-0.29359311
	15.29504768
	-15.0014544
	1.65635E-07

	      Driveshaft Compliance
	0.999999772
	-3.48816E-06
	15.29149597
	-15.29149248
	2.44731E-10

	      Rotational Inertia
	0.98211168
	-0.284565394
	15.69579532
	-15.41122997
	-4.78069E-08

	      Vehicle
	0.698599149
	-4.898367917
	10.56164595
	-5.5505991
	0.112678937

	        Vehicle Body 3 DOF Longitudinal
	0.699489561
	-4.898367917
	10.56164595
	-5.5505991
	0.112678937

	      Wheels and Brakes
	0.753611254
	-4.388590386
	17.70476954
	-13.31617808
	1.07341E-06

	        Longitudinal Wheel - Front 1
	0.842203569
	-1.25250796
	7.910597402
	-6.658089039
	4.03321E-07

	        Longitudinal Wheel - Front 2
	0.842203569
	-1.25250796
	7.910597402
	-6.658089039
	4.03321E-07

	        Longitudinal Wheel - Rear 1
	0.027477582
	-0.941787233
	0.941787366
	-9.08116E-11
	1.33383E-07

	        Longitudinal Wheel - Rear 2
	0.027477582
	-0.941787233
	0.941787366
	-9.08116E-11
	1.33383E-07

	    Electric Plant
	0.874275232
	-2.222386784
	2.988070401
	-12.8253079
	-12.05962411

	      Battery
	0.987228206
	-0.221454335
	2.650798215
	-14.48896799
	-12.05962411

	        Datasheet Battery
	0.987228206
	-0.221454335
	2.650798215
	-14.48896799
	-12.05962411

	      Motor
	0.885511341
	-2.000932449
	17.47712359
	-15.47619114
	0

	        Mapped Motor
	0.885511341
	-2.000932449
	17.47712359
	-15.47619114
	0

	      Generator
	0.927208358
	-1.156633209
	15.88964315
	-14.73300994
	0

	        Mapped Generator
	0.927208358
	-1.156633209
	15.88964315
	-14.73300994
	0

	      Motor
	0.937592874
	-1.15068379
	18.43833979
	-17.287656
	0

	        Mapped Motor
	0.937592874
	-1.15068379
	18.43833979
	-17.287656
	0

	    Engine
	0.271352827
	-43.1270294
	59.18780862
	-16.06077922
	0

	      Accessory Load Model
	0.969296417
	-0.509122414
	16.5818565
	-16.07273409
	0

	      Mapped SI Engine
	0.279308006
	-42.61790698
	59.13470297
	-16.51679599
	0



The table presents the energy efficiency, energy loss, energy input, energy output, and energy stored for various components within an electric passenger car. It is organized hierarchically, with the overall car efficiency at the top, followed by the drivetrain, electric plant, and engine subsystems. Each subsystem is further broken down into its specific components, such as the differential, driveshaft, wheels, brakes, battery, motor, and generator. The table displays the energy performance for each component, illustrating how the different parts of the car contribute to the overall energy efficiency and energy losses. By analysing this data, one can identify areas for improvement and optimize the vehicle's energy performance.
[bookmark: _Toc130748726]3.2 Removing 50% battery with Fuel Cell Model
[bookmark: _Toc130748727]3.2.1 Calculate the weight of the car when 50% of the battery is removed
To calculate the weight of the car when 50% of the battery is removed, we need to determine the weight reduction due to the removed battery capacity. The standard Tesla Model 3 has a battery capacity of 54 kWh.
1. Determine the removed battery capacity: Since you want to remove 50% of the battery capacity, we'll calculate the capacity to be removed.
50% of 54 kWh = 0.5 * 54 kWh = 27 kWh
2. Calculate the weight reduction due to the removed battery capacity: The energy density of Tesla's battery cells is (Xu,2019), roughly 250 Wh/kg. To determine the weight of the 27-kWh portion of the battery, we can use the energy density value.
Battery weight reduction = Removed battery capacity / Energy density Battery weight reduction = 27 kWh / (0.25 kWh/kg) = 108 kg
3. Determine the original weight of the Tesla Model 3: The original weight of the Tesla Model 3 Standard Range Plus is approximately 1,611 kg.
4. Calculate the weight of the car with 50% of the battery removed:
Final weight = Original weight - Battery weight reduction
Final weight = 1,611 kg - 108 kg = 1,503 kg
The weight of the Tesla Model 3 Standard Range Plus with 50% of the battery removed would be approximately 1,503 kg.
[bookmark: _Toc130748728]3.2.2 Replacing 50% of the battery capacity with a hydrogen fuel cell system
Replacing 50% of the battery capacity with a hydrogen fuel (Rand,,2018) cell system in a Tesla Model 3 involves a series of technical challenges and design changes.
1. Determine the required fuel cell capacity: Since you want to replace 50% of the battery capacity, we'll calculate the desired fuel cell capacity. The Model 3 has a 54-kWh battery:
50% of 54 kWh = 0.5 * 54 kWh = 27 kWh
So, we need a fuel cell system capable of providing 27 kWh of energy.
2. Determine the fuel cell power output: Assuming you want the fuel cell system to provide the same power as the electric model, we'll use the Model 3's peak power output as a reference. The Tesla Model 3 Long Range has a peak power output of around 350 kW.
3. Calculate the hydrogen consumption: To determine the (Rand,2018)  hydrogen consumption, we need to know the fuel cell's efficiency. Typical automotive fuel cells have an efficiency of around 60%.
Hydrogen energy content: 33.3 kWh/kg (lower heating value)
Fuel cell energy requirement: 27 kWh
Hydrogen required = Fuel cell energy requirement / (Hydrogen energy content * Fuel cell efficiency)
Hydrogen required = 27 kWh / (33.3 kWh/kg * 0.6) ≈ 1.35 kg of hydrogen
4. Determine the required hydrogen storage capacity: To store the 1.35 kg of hydrogen, you would need a high-pressure (Dincer,2011) storage tank. Hydrogen is typically stored at pressures around 700 bar (10,000 psi) in carbon fibre composite tanks. The storage tank's volume depends on the tank's design and engineering constraints, but for this exercise, we will assume a storage density of 5.6 kg/m³ at 700 bar.
Storage volume required = Hydrogen required / Storage density
Storage volume required = 1.35 kg / 5.6 kg/m³ ≈ 0.241 m³ or 241 litre
· Calculate the additional weight due to the fuel cell and hydrogen storage system: To determine the final weight of the car, we need to consider the weight of the fuel cell system and the hydrogen storage tank.
[bookmark: _Toc130748729]3.2.3 Calculation of total weight of car with fuel cell implemented
Fuel cell system weight: Fuel cell systems for automotive applications typically have a specific power of around 1 kW/kg. Considering the desired power output of 350 kW, the weight of the fuel cell system can be estimated as follows:
Fuel cell system weight = Power output / Specific power Fuel cell system weight = 350 kW / (1 kW/kg) = 350 kg
Hydrogen storage tank weight: Assuming a carbon fiber composite tank with a weight of 6 kg per stored kg of hydrogen, the weight of the hydrogen storage tank can be calculated as:
Storage tank weight = Hydrogen required * Tank weight per kg of hydrogen Storage tank weight = 1.35 kg * 6 kg/kg = 8.1 kg
Total additional weight = Fuel cell system weight + Storage tank weight Total additional weight = 350 kg + 8.1 kg = 358.1 kg
· Determine the final weight of the car: Now, we can calculate the final weight of the Tesla Model 3 after adding the fuel cell system and hydrogen storage tank. Let's assume the original weight of the Tesla Model 3 Long Range is 1,847 kg.
Final weight = Final weight when 50% of battery removed + Total additional weight 
Final weight = 1,503 kg + 358.1 kg ≈ 1,861 kg
The final weight of the Tesla Model 3 with the added fuel cell system and hydrogen storage tank would be approximately 1,861 kg.
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Figure 7 : Simulink FCEV Model
In MATLAB Simulink, an FCEV can be modelled and simulated by creating a system that consists of various interconnected blocks representing the essential components of the vehicle. These components include (Manoharan,2019) a hydrogen fuel cell stack, an electric powertrain, a battery or ultracapacitor for energy storage, a DC-DC converter, and an overall vehicle dynamics model. The fuel cell stack converts hydrogen and oxygen into electricity and water, providing the necessary energy to drive the electric motor. The battery or ultracapacitor block stores excess energy generated during regenerative braking and supplies additional power during high-demand situations. The DC-DC converter regulates the voltage levels between the fuel cell stack, energy storage, and the electric motor. Finally, the vehicle dynamics model simulates the driving behaviour and energy consumption of the FCEV under various driving conditions.






[bookmark: _Toc130748730]3.2.4 Result Evaluation
[image: ]Figure 8 : Visualization FCEV model view












At the end of WLTP Drive Cycle simulation, the model’s battery state of charge (SoC) which battery remaining charge was found out to be around 67%. 
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Figure 9: FCEV Model Characteristics Curve
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Table 3: FCEV Model Energy Flow Distribution  
	System Name
	Efficiency
	Energy Loss (MJ)
	Energy Input (MJ)
	Energy Output (MJ)
	Energy Stored (MJ)

	FCEvReferenceApplication
	0.253482758
	-15.66027893
	16.28046237
	0
	0.621004078

	  Passenger Car
	0.253482758
	-15.66027893
	16.28046237
	0
	0.621004078

	    Drivetrain
	0.502571785
	-10.48983462
	14.17255345
	-3.53414065
	0.148578542

	      Differential and Compliance
	0.982840165
	-0.292894154
	17.01517944
	-16.72228526
	-1.76716E-08

	        Front Axle Compliance 1
	0.999992707
	-6.0997E-05
	8.362991676
	-8.362930694
	-1.58524E-08

	        Front Axle Compliance 2
	0.999992707
	-6.0997E-05
	8.362991676
	-8.362930694
	-1.58524E-08

	        Open Differential
	0.982847227
	-0.29277216
	17.01512434
	-16.72235217
	1.40332E-08

	      Driveshaft Compliance
	0.999999771
	-3.88931E-06
	17.01155034
	-17.01154646
	-1.02125E-09

	      Rotational Inertia
	0.983900541
	-0.283769667
	17.41519236
	-17.13142276
	-6.91787E-08

	      Vehicle
	0.730169428
	-4.880803102
	11.54238726
	-6.513005584
	0.148578572

	        Vehicle Body 3 DOF Longitudinal
	0.731129905
	-4.880803102
	11.54238726
	-6.513005584
	0.148578572

	      Wheels and Brakes
	0.747723986
	-5.032363808
	19.8413567
	-14.80899283
	5.7901E-08

	        Longitudinal Wheel - Front 1
	0.837990545
	-1.436688446
	8.84118485
	-7.404496417
	-1.21608E-08

	        Longitudinal Wheel - Front 2
	0.837990545
	-1.436688446
	8.84118485
	-7.404496417
	-1.21608E-08

	        Longitudinal Wheel - Rear 1
	0.023990743
	-1.079493458
	1.079493499
	-2.31371E-10
	4.11113E-08

	        Longitudinal Wheel - Rear 2
	0.023990743
	-1.079493458
	1.079493499
	-2.31371E-10
	4.11113E-08

	    Electric Plant
	0.768783373
	-5.170444305
	19.64326053
	-14.00039069
	0.472425536

	      Battery Power Accounting
	1
	0
	3.191070257
	-2.718644722
	0.472425536

	      Boost Converter Power Accounting
	0.997773764
	-0.031608282
	14.19808198
	-14.1664737
	0

	      Cooling System Power Analysis
	0
	-1.910745813
	1.910745813
	0
	0

	        Heat Exchanger Power Accounting
	0.84696174
	-1.323455685
	8.647874599
	-7.324418915
	0



The data presented shows the energy efficiency, energy loss, energy input, energy output, and energy stored in various components of an FCEvReferenceApplication passenger car. The overall efficiency of the car is 25.35%, with a total energy loss of 15.66 MJ. Major energy losses are seen in the drivetrain (10.49 MJ), particularly in the differential and compliance components. The electric plant has an efficiency of 76.88%, with significant energy losses in the cooling system (1.91 MJ). The battery power accounting component has an efficiency of 100%, while the boost converter power accounting has an efficiency of 99.78%



[bookmark: _Toc130748731]4. Requirements, Standards, and Costing.
[bookmark: _Toc130748732]4.1 Detailed Requirements:
a) Fuel Cell Stack:
· Power output: Approximately 350 kW to match the electric model's peak power output
· Energy capacity: 27 kWh to replace 50% of the battery capacity
· Efficiency: 60%, typical of automotive fuel cells
· Cooling system: Required to maintain optimal fuel cell stack temperature
b) Hydrogen Storage:
· Storage capacity: Approximately 1.35 kg of hydrogen
· Storage pressure: 700 bar (10,000 psi)
· Storage tank: Carbon fibre composite tank with a volume of 241 liters (0.241 m³)
c) Balance of Plant (BoP):
· System controller: To manage fuel cell operation and integrate with the existing electric system
· Power electronics: Convert and regulate voltage between the fuel cell and electric system
· Pumps, valves, and sensors: To manage hydrogen flow and monitor system performance
· Safety systems: Including pressure relief devices, hydrogen leak detectors, and fire suppression
d) Integration:
· Custom mounting and support structure: To install the fuel cell stack and hydrogen storage tank within the vehicle
· System interfacing: Integrate the fuel cell system with the existing electric drivetrain, battery, and vehicle control systems
· Additional space requirements: Space for the fuel cell system and hydrogen storage, which may impact vehicle design
[bookmark: _Toc130748733]4.2 Costing
Implementing a hydrogen fuel cell in a Tesla Model 3 in the UK would involve several costs, including the cost of the fuel cell system, installation, and ongoing maintenance. Here is a detailed breakdown of the estimated costs:
1. Cost of the fuel cell system: The cost of a fuel (Wang,2018) cell system varies depending on its size and capacity. Assuming a 1.35kg hydrogen fuel cell system, the cost would be approximately £12,000-£15,000, although prices may vary depending on the specific manufacturer and supplier.
2. Installation costs: The installation costs (Wang,2018) for the fuel cell system would depend on the complexity of the installation and the specific vehicle model. However, assuming that it would take around 8-10 hours for a skilled technician to install the system, the installation cost would be around £1,000-£1,500.
3. Maintenance and operating costs: The maintenance cost for a hydrogen fuel cell system is relatively low compared to other types of vehicles. However, it is still necessary to carry out regular maintenance to ensure optimal performance. This would include fuel cell stack maintenance, replacing the air filter, and checking the electrolyte level. The cost for this could range from £500-£1000 per year, depending on the maintenance requirements of the specific fuel cell system. In terms of operating costs, the cost of hydrogen fuel in the UK varies widely depending on the location and availability of hydrogen refuelling stations. The current minimum cost of hydrogen fuel in the UK is around £10 per kg, which would cost approximately £13.5 for a 1.35kg fuel cell capacity.
4. Additional costs: There may be additional costs associated with implementing a hydrogen fuel cell in a Tesla Model 3. For example, modifications to the vehicle's electrical system may be necessary, which could add to the installation costs. Additionally, insurance costs for a hydrogen fuel cell vehicle may be higher than for a traditional electric vehicle.
Overall, the estimated minimum cost for implementing a hydrogen fuel cell in a Tesla Model 3 in the UK would be around £14,500-£18,000 for the fuel cell system and installation, plus an additional £500-£1000 per year for maintenance and operating costs. 

	Cost item
	Estimated cost range

	Fuel cell system
	£12,000-£15,000

	Installation
	£1,000-£1,500

	Maintenance
	£500-£1,000 per year

	Operating (fuel)
	£13.5 per refuel

	Additional costs
	Varies

	Total minimum cost*
	£14,500-£18,000




[bookmark: _Toc130748734]4.3 Standards to be taken 
For implementing a hydrogen fuel cell system in a Tesla Model 3 for use in the UK will require compliance with a variety of standards and codes to ensure safe and proper operation. Below is a list of key standards and codes to be followed:
1. Vehicle Regulations:
· European Whole Vehicle Type Approval (EWVTA): Ensure that the modified Tesla Model 3 meets EWVTA requirements for vehicles (Stevens,1992) to be sold in the European market.
2. Hydrogen Fuel Cell Standards:
· ISO 14687: This standard covers (Beurey,2021) the quality of hydrogen fuel used in fuel cell vehicles.
· ISO 16111: This standard focuses on the transportable gas storage devices used for hydrogen fuel cells.
3. Hydrogen Storage Standards:
· ISO 19880: This standard (Schneider,2015) covers gaseous hydrogen and hydrogen blends - material compatibility for gaseous hydrogen land vehicle fuel containers.
· ISO 17268: This standard specifies the requirements for gaseous hydrogen land vehicle refuelling connection devices.
4. Electrical and Electronic Components:
· ISO 6469-3: This standard (Sattler,2018) specifies safety requirements for electrically propelled vehicles, particularly related to high voltage electrical systems.
· ISO 26262: This standard focuses on the functional safety of electrical and electronic systems in road vehicles.
5. Fuel Cell System and Integration:
· SAE J2578: This SAE Recommended (Scheffler,2009) Practice provides guidance on the design and integration of fuel cell systems into electric vehicles, including safety, performance, and environmental considerations.
6. Vehicle Emissions and Type Approval:
· EU Regulation No. 715/2007: Ensure the modified Tesla Model 3 complies with emissions standards for light passenger and commercial vehicles.
· EU Regulation No. 2018/858: This regulation covers the approval and market surveillance of motor vehicles and their trailers, and of systems, components and separate technical units intended for such vehicles.


7. Hydrogen Refuelling Infrastructure:
· ISO 20100: This standard covers (Barth,2011) the safety performance and testing requirements for hydrogen fuelling stations.
· ISO 22734: This standard specifies requirements for the installation of hydrogen generators using water electrolysis processes.

	No.
	Standard/Code
	Description

	1
	European Whole Vehicle Type Approval (EWVTA)
	Ensures the modified Tesla Model 3 meets requirements for vehicles to be sold in the European market.

	2
	ISO 14687
	Covers the quality of hydrogen fuel used in fuel cell vehicles.

	3
	ISO 16111
	Focuses on the transportable gas storage devices used for hydrogen fuel cells.

	4
	ISO 19880
	Covers material compatibility for gaseous hydrogen land vehicle fuel containers.

	5
	ISO 17268
	Specifies requirements for gaseous hydrogen land vehicle refuelling connection devices.

	6
	ISO 6469-3
	Specifies safety requirements for electrically propelled vehicles, particularly related to high voltage electrical systems.

	7
	ISO 26262
	Focuses on the functional safety of electrical and electronic systems in road vehicles.

	8
	SAE J2578
	Provides guidance on the design and integration of fuel cell systems into electric vehicles.

	9
	EU Regulation No. 715/2007
	Ensures the modified Tesla Model 3 complies with emissions standards for light passenger and commercial vehicles.

	10
	EU Regulation No. 2018/858
	Covers the approval and market surveillance of motor vehicles and their trailers, and of systems, components and separate technical units intended for such vehicles.

	11
	ISO 20100
	Covers safety performance and testing requirements for hydrogen fuelling stations.

	12
	ISO 22734
	Specifies requirements for the installation of hydrogen generators using water electrolysis processes.




[bookmark: _Toc130748735]Conclusions
In conclusion, the study on "minimum of 50% energy storage to Fuel Cell for Tesla Model 3 on WLTP Drive Cycle" carried out using MATLAB Simulink has demonstrated significant potential for improving vehicle efficiency and reducing emissions. By integrating a fuel cell system to provide a minimum of 50% of the required energy, the Tesla Model 3 has exhibited enhanced performance on the WLTP Drive Cycle, maintaining consistent power output while reducing the load on the battery.
The results from the simulations indicate that the hybrid system has a positive impact on the vehicle's overall energy consumption, range, and durability. Furthermore, the fuel cell's ability to generate electricity through a clean process – the electrochemical conversion of hydrogen – contributes to a decrease in greenhouse gas emissions, positioning the Tesla Model 3 as a more environmentally friendly transportation option.
Nevertheless, it is crucial to consider the challenges and limitations of this approach, such as hydrogen infrastructure development, fuel cell cost, and the potential impact on vehicle weight and packaging. Future research should focus on addressing these issues and exploring additional optimization strategies for the fuel cell-battery hybrid system to maximize the benefits of this promising technology for electric vehicles.
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