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      Abstract 
This report conducts a comprehensive analysis of the conversion of a Tesla Model 3 Performance from a battery electric vehicle (BEV) to a hydrogen fuel cell electric vehicle (FCEV). Utilizing MATLAB simulations, the study validates the WLTP range and consumption figures, comparing a 50% and a full battery capacity replacement with a hydrogen fuel cell system. The simulations incorporate vehicle mass dynamics, aerodynamic drag coefficients, and rolling resistance to estimate the vehicle’s performance. The results indicate a potential increase in range from 481.2543 km to 533.7601 km and a decrease in energy consumption from 155.8428 Wh/km to 140.5126 Wh/km for a full conversion. The study also benchmarks the converted vehicle against the Toyota Mirai, a production FCEV, to validate the theoretical model.

1. INTRODUCTION

The transition towards sustainable energy sources in the automotive industry has led to significant advancements in electric vehicle (EV) technology, driven by the global impetus to mitigate climate change and reduce greenhouse gas emissions. A pivotal aspect of this transition is the phasing out of internal combustion engine (ICE) vehicles in favor of zero-emission alternatives. In response to these environmental imperatives, several governments have legislated the ban of new ICE vehicle sales by 2035, mandating a complete transition to vehicles that have zero emission at the tailpipe (Harper, 2023). While the shift to EV from ICE vehicles is inevitable, among the various EV technologies hydrogen fuel cells present a promising alternative to conventional battery systems due to their high energy density and potential for rapid refueling. This paper presents a novel approach to enhancing the range and efficiency of high-performance EVs by partially or fully converting the battery system of a Tesla Model 3 Performance to a hydrogen fuel cell system. The study employs a MATLAB-based simulation to validate the vehicle's performance against the WLTP standards and compares the results with an actual production FCEV, the Toyota Mirai. The paper further discusses the technical considerations and environmental implications of such a conversion.

Part 1: Tesla Fuel Cell Conversion

Part A:

In order to validate the drive cycle, I have created a Matlab file containing the information of the official Tesla’s WLTP, given from the following information. 

	Mass
	1980kg

	Mass Distribution
	48:52

	Wheelbase
	2875mm

	CD
	0.23

	Driven Tyre Size
	235-35 R20

	Battery Nominal Voltage
	360V

	Battery Capacity
	75kWh

	Peak Torque
	639Nm

	Peak Power
	336kW

	WLTP Range
	530km

	WLTP Consumption
	166 Wh/km


In order to validate the official claimed WLTP range and WLTP kWh/100km, a drive cycle model has to be created using Matlab. The time and velocity data are imported from the excel spreadsheet (WLTP-for assignment.xlsx) provided to MATLAB. WLTC_class_3 data is used as the power to weight ratio exceeded 34. From the velocity, I can then calculate the acceleration. For the aero force, the coefficient of drag of 0.23 is given. According to official data from Tesla, the dimensions of the Model 3 is listed in the figure below.
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A Overall Length 1848in 4,695 mm
8 Overall Width (including mirrors) 822in 2088 mm
Overall Width (including folded mirrors) 761in 1933 mm
Overall Width (excluding mirrors) 7281 1,850 mm

c Overall Height 56.8in 1,445 mm




(Figure 1. Official dimensions of Tesla Model 3 released from Tesla)

From the information on figure 1, the overall width of the Tesla model 3 is 72.8 inch, and 76.1 with the mirrors folded. And the overall height is 56.8. The approximate frontal area can be calculated from:
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The aerodynamic drag resistance can then be calculated.

According to (Alltyretests, 2019), the coefficient of rolling resistance of a PS4S tyre is around 0.0096, which is rounded up to around 0.01. The mass of the Tesla is given to be 1980kg, so it makes the FRR to be 194.238N. The inertia, drive cycle, wheel torque and tractive energy are then calculated and graphed. 

Using the values above, with the mass of 1980kg and 75 kwh battery capacity, the WLTP distance and the WLTP and consumption calculated are 481.2543km and 155.8428 Wh/km.

The calculated range of 481.2543km is approximately 9.2% off of the original claimed range of 530km from Tesla. The discrepancy in terms of WLTP range suggests that the real-world performance of the vehicle differs from the official claims, which is not uncommon in the automotive industry. Official WLTP figures are obtained under controlled conditions and environment. The figures are meant to provide a standardized way to compare different vehicles. However, real world results often vary, the fact that the MATLAB code is based on Excel data obtained from an actual road-going Model 3 Performance, reflects these variations, such as factors such as different weather, road conditions. Factors such as different wheel diameters also play into roll of power consumption. Additional vehicle load from the vehicle where the data came from might also contribute to that. Furthermore, the difference in the actual aerodynamics and rolling resistance inaccuracies play a huge and significant role. The rolling coefficients can also vary based on the tire selection of the test vehicle.

Part B: Replacing ≥ 50% battery capacity for Fuel Cell
The main thing that we need to investigate is to vehicle mass and battery capacity. The Tesla model 3 performance has the same battery capacity as the Long Range, which is a 75kWh. According to (Arcus, 2018), the 75kWh battery weighs in at 480kg, whereas the Standard Range plus model 3’s 54kWh weighs in at 324kg. If we are to cut down 50% of the Model 3 Performance battery capacity from 75kWh to 37.5kWh. To extrapolate the weight loss, calculations below has been done:

If extrapolate from model 3 performance 75kwh battery ratio: 480 ÷ 75 = 6.4

If extrapolate from standard range plus 54kwh battery ratio: 324 ÷ 54 = 6

The battery weight to capacity ratio difference between the model 3 performance and the standard range plus could be due to the packaging for the higher capacity battery requiring more material. 

Considering that we are placing 50% or more of the Tesla’s battery capacity, a decision to use a midpoint of the ratio of 6.2 is made, which renders 37.5kWh battery capacity to weigh about 232.5kg.

The plan is to replace 50% of the Model 3’s battery capacity with a hydrogen fuel cell. According to (Slanger, 2022), diesel has an energy density of 45.5 MJ/kg, gasoline has an energy density of 45.8 MJ/kg and hydrogen has an energy density of 120 MJ/kg. 120 MJ equals to 33.33 kWh, which makes the energy density of hydrogen to be 33.33 kWh/kg. According to the (US. Dept of Energy, 2010), the efficiency of hydrogen fuel cells in vehicles is typically between 40-60% of the fuel’s energy. So, taking a midpoint, assuming a fuel cell of 50% efficiency rate is being used, 1kg of hydrogen would provide: 
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 , it would require 2.25 kg of hydrogen gas in order to make up 37.5 kWh of battery capacity. To better illustrate the conversion, the following calculation of the new mass is made with the assumption of the components from various sources:

· 700-bar hydrogen fuel tank ≈ 100kg (Hyfindr.com, 2023)
· Fuel cell stack ≈ 52kg ; assumption taken from Toyota Mirai (Toyota UK, 2022) 
· DC/DC converter ≈ 45kg ; sample non-isolated DC/DC converter from EV Technology (EV Technology, 2020)
1980kg (original vehicle mass) – 232.5kg (37.5kwh worth of battery weight) + 100kg (700-bar hydrogen fuel tank) + 45kg (DC/DC converter) + 2.25kg (hydrogen gas) + 52kg (fuel cell stack) + 20kg (thermal system for cooling) = 1966.75 kg

With the mass of 1966.75kg and 75kwh equivalent of battery capacity, assuming the motor output is the same, the WLTP distance and the WLTP and consumption calculated are 483.7037km and 155.0536 Wh/km.

Alternatively, if the plan is to fully replace the battery capacity, it would require 4.5kg of total hydrogen gas to make up the original 75kwh battery capacity. This option would end up making more sense as oppose to only partially converting the tesla to running on hydrogen. The following calculation of the new mass is made:

1980kg (original vehicle mass) – 480kg (75kwh worth of battery weight) + 100kg (700-bar hydrogen fuel tank) + 45kg (DC/DC converter) + 4.5kg (hydrogen gas) + 52kg (fuel cell stack) + 20kg (thermal system for cooling) = 1721.5 kg
With the mass of 1721.5kg and 75kwh equivalent of hydrogen fuel, assuming the motor output is still the same, the WLTP distance and the WLTP and consumption calculated are 533.7601km and 140.5126 Wh/km.
	
	Factory
	50% fuel cell conversion
	Full fuel cell conversion

	Total Mass
	1980 kg
	1966.75 kg
	1721.5 kg

	WLTP range
	481.2543 km
	483.7037km
	533.7601km

	WLTP consumption
	155.8428 Wh/km
	155.0536 Wh/km
	140.5126 Wh/km


(Figure 2. Table showing WLTP range & consumption of conversions)

Advantages of Hydrogen Fuel Cell Refueling Times
One of the most compelling advantages of transitioning the Tesla Model 3 Performance to a fully hydrogen-powered fuel cell system is the significant reduction in refueling time. Unlike BEVs, which require extended periods for battery charging—often several hours for a full charge, even fast charging takes up to an hour. 

A hydrogen fuel cell-powered truck can be filled with hydrogen in less than 15 minutes (Slanger, 2022) and a passenger FCEVs can be refueled with hydrogen in a matter of 3 to 5 minutes (Toyota UK, 2024), similar to traditional internal combustion engine vehicles. This refueling capability not only enhances the practicality of the vehicle for long-distance travel but also aligns with current consumer refueling experience. By fully converting the Model 3 into running on hydrogen fuel cells, drivers can enjoy extended range without the inconvenience of prolonged downtime, making it an attractive proposition for those seeking the benefits of electric propulsion without the typical recharging constraints.

Real life validation
In order to test the validity of the conversion, the assumption data of the converted Tesla model 3 can be tested against an actual production FCEV, such as the Toyota Mirai. The Toyota Mirai features a hydrogen fuel tank with 5.6kg hydrogen fuel capacity (Hyfindr.com, 2023), as opposed to the 4.5kg hydrogen capacity on the converted Model 3.

Toyota claimed a WLTP range of up to 400 miles (Toyota UK, 2022), which is 643.7376 km, compared to the extrapolated 533.7601 km from a Model 3 fully converted to running hydrogen fuel cell. As a result, the extrapolated range figures seemed reasonable. However, it should also be considered that the Toyota Mirai only features a single electric motor powering the rear wheels and has a much lower peak power output capable of only a 9 second 0-62mph acceleration. 

Part 2. Detailed Specifications

According to part 1, the plan is to convert half of the battery capacity to running on hydrogen fuel cell. The result of the calculation proves that running on hydrogen fuel is worthwhile. As the total mass of the converted system weighs even lighter than 50% of the original battery, it made the approximate final mass of the vehicle to be 1966.75kg, which is even lighter the original weight of 1980kg, therefore, yielding a higher WLTP range and consumption. Furthermore, this concept provides a long-term solution in terms of life cycle analysis. 

However, as stated, hydrogen has a high energy density of 120 MJ/kg, which converts to be 33.33 kwh per kg of hydrogen fuel, with the efficiency rate of 40-60%, the output of 1kg of hydrogen fuel is 16.665 kWh. The heaviest components of the hydrogen fuel cell conversion are mainly from weight of the hydrogen fuel tank, fuel cell stack and DC/DC converter and cooling systems, which make up for around 200kg. The actual hydrogen fuel is actually very light in terms of weight. As a result, in terms of WLTP range, it would make more sense to remove the entire battery and fully convert the vehicle into running hydrogen fuel for less weight and complexity.

In order for full fuel cell conversion to be taken place, there are a few factors to be considered. First of all, the Tesla model 3 Performance is considered a high-powered performance electric vehicle with a high power output of 336kw. Unlike any other electric vehicles, which mainly focuses on providing as much range as possible, high power output should also be ensured. In order to achieve high power delivery, the fuel cell stack must be capable of delivering continuous flow of hydrogen to achieve the power required by the vehicle. For a 336kW output, and assuming a 50% of system efficiency, the flow rate of hydrogen can be calculated using the lower heat value (LHV) of hydrogen, which is around 33.33 kWh/kg. The required hydrogen flow rate would be:
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Furthermore, a stack that operates at a wider temperature range should be used to ensure the vehicle able to reach peak power at any time, even at startup.

Another factor to consider is a robust hydrogen storage system. A 700-bar composite hydrogen tank should be used in the model 3 to ensure robustness and maximize pressurized hydrogen storage. Currently the equivalent amount of hydrogen needed to fully replace the 75kWh battery is 4.5kg of hydrogen gas. However, a bigger hydrogen tank could ensure more capacity to be available if there’s further development of the system in the future. However, since the Tesla model 3 started life as a BEV, the space of the vehicle might to constrained. Although removing the original battery pack might provide some extra room, the chassis might need further modification in order to fit a hydrogen storage system. Some of the space from the rear trunk of the vehicle might be taken for storing the high pressure hydrogen tank. 
Unlike the base model standard range Tesla model 3, the long range and performance model both shares the same dual electric motor, powering both front and rear wheels. The original electric motor could be retained, however some of the components of the driveline and transmission might need to be tailor-made for the conversion to split the power to both front and rear motors.

The whole powertrain electronic control unit (ECU) apart from the entertainment unit will need to be replaced to an aftermarket ECU. Currently, there’s not many options as the powertrain firmware of Tesla is close-sourced with limited channels available for tapping in. The ECU will need to control the inverters and DC/DC converters to manage the flow of electricity between the fuel cell, motor and other auxiliary systems. The options of aftermarket ECU for controlling Tesla’s motor are quite limited, with only Motec and EV-Controls currently providing control units for this platform. 

A mild-hybrid type small battery pack has to be retained or fitted to manage the storage of regenerative braking energy and provide supplemental power during peak demands.

Extra thermal management systems have to be added in order for the cooling of the operation.
Life Cycle Analysis 
Environmental Impact of Hydrogen Fuel

Despite hydrogen being one of the purest forms of element, it's not found freely in nature. As a result, it has to be separated from other substances, usually from hydrocarbons or water. Hydrocarbon reforming is the prevalent and economical method for hydrogen extraction. Yet, this technique releases CO2 into the atmosphere. On the other hand, electrolyzing water is a more environmentally friendly method, but it requires a substantial amount of electricity (Halmari, 2005). Therefore, assessing the overall environmental footprint of hydrogen fuel through life cycle analysis is crucial.
4. Conclusion

Concluding the findings of this report indicate that converting a Tesla Model 3 Performance to a hydrogen fuel cell system is technically feasible and can potentially offer improved range and efficiency. The simulation results show a promising comparison with the Toyota Mirai, suggesting that the extrapolated figures for the converted Model 3 are within a reasonable range. However, the detailed specifications required for the conversion also highlighted the technical challenges and considerations in implementing a hydrogen fuel cell system in a high-performance BEV. The life cycle analysis underscores the importance of environmentally friendly hydrogen production methods to maximize the ecological benefits of FCEVs.
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