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[bookmark: _Toc183950045]Introduction
In this report, I will explore the potential options for kinetic energy recovery systems (KERS) in a standard internal combustion engine (ICE) vehicle. I will examine the energy typically wasted during vehicle operation, particularly during braking and deceleration, and investigate how this energy can be captured, stored, and repurposed. By analysing these recovery systems, I aim to highlight their potential to enhance power delivery and improve overall fuel efficiency, reducing energy losses and contributing to more sustainable vehicle operation. This report will focus on practical applications and the technical feasibility of implementing such systems in standard ICE vehicles, considering the benefits and challenges associated with each approach.

1. [bookmark: _Toc183950046]Selecting a vehicle
I have chosen a 2014 Volkswagen Golf 2.0L Diesel for this study. This vehicle is already recognised as a highly fuel-efficient car, making it an excellent candidate for exploring additional energy-saving technologies. Its design includes a low frontal area, which contributes to improved aerodynamics, particularly during long-distance driving, where reduced drag plays a significant role in maintaining efficiency. This combination of efficiency and aerodynamic optimisation makes the Golf a practical and relevant choice for examining potential enhancements through energy recovery systems.
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Description automatically generated]Figure 1 - VW Golf
















2. [bookmark: _Toc183950047]Vehicle Dynamic characteristics 
[image: A white line with black lines

Description automatically generated with medium confidence]To be able to calculate values using the WLTP (worldwide Harmonised Light Vehicle Test Procedure) there are a few values that are needed. The test mass (not kerb weight), frontal area, rolling resistance and Coefficient of aerodynamic drag. Below is the Figures for my chosen vehicle that I have calculated along with some standard figures:
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Description automatically generated]Figure 2 - Vehicle Specification







(Parkers, 2024) Figure 3 - Vehicle Specifications 2
3. [bookmark: _Toc183950048]Selecting The Correct WLTP (Worldwide Harmonised Light Vehicle Test Procedure)
The WLTP divides vehicles into three classes based on their power-to-weight ratio, ensuring the testing procedure is suited to different types of vehicles. Class 1 is for vehicles with a power-to-weight ratio of less than 22 W/kg, typically low-performance or small urban vehicles, and focuses primarily on low-speed driving conditions. Class 2 covers vehicles with a power-to-weight ratio between 22 and 34 W/kg, representing medium-performance cars used in mixed urban and suburban environments. The test cycle for Class 2 includes a balance of low- and medium-speed phases. Class 3, for vehicles with a power-to-weight ratio greater than 34 W/kg, is aimed at high-performance or heavier vehicles, such as SUVs or sports cars. This class features the full WLTP test cycle, including Low, Medium, High, and Extra-High-speed phases, with speeds reaching up to 131 km/h to simulate motorway driving. For a car like the Mk7 Golf 2.0 TDI, with its high power-to-weight ratio, Class 3 would be the appropriate category, ensuring its performance is tested across the full range of realistic driving conditions.
4. [bookmark: _Toc183950049]Plot cumulative Tractive and braking energy at the wheel over a WLTP Cycle.
Figure 4 - Velocity Vs Time over WLTP Cycle







Figure 5 - Tractive and Braking Energy Vs Time

5. [bookmark: _Toc183950050]Identify The Moments of Largest Possible KERS Input and Energy input and energy storage requirements.
In the WLTP test, there are four distinct phases: Low, Medium, High, and Extra-High, each designed to simulate different driving conditions. These phases vary in terms of acceleration and braking intensity, reflecting the types of driving experienced in urban, suburban, rural, and motorway environments. Each phase incorporates sections of steady driving, as well as periods of acceleration and braking to mimic real-world scenarios. For instance, the Low phase focuses on slower, stop-start driving typical of urban areas, while the Extra-High phase simulates high-speed motorway driving, with longer periods of sustained speeds and fewer braking sections. These variations allow the test to accurately capture the vehicle’s performance across a wide range of operating conditions, ensuring the results are as realistic as possible.
Figure 6 - Tractive Power









Here is the graph showing the Tractive power over the test period, “Tractive force is the force needed to overcome the resistance caused by friction” (Elesa, 2024). Therefore, the highest peaks on the graph are the points of most energy used, and the low points are possible points of energy generation. Over the whole cycle the battery has a cumulative braking energy of 963.09Wh So therefore, using this number I can work out the capacity needed for the battery that is going to be used in the vehicle. but due to how batteries work they have an efficiency factor of 90-95%, to be on the safe side I have factored in a 90% efficiency factor. 
Therefore, to calculate the Capacity in Ah: 963.09/48 = 20.06 Ah. (The 48 is for the voltage of the battery)
6. [bookmark: _Toc183950051]Specify a Suitable KER System
For my vehicle of choice, I have decided to go for a system that is being more and more widely used on new cars. This is using a Belt-Integrated Starter Generator (BISG). “The BISG unit replaces the starter and alternator” (Bush, 2021) to create one unit that does both the job of powering the engine at startup and taking power from the engine’s rotation. When taking your foot off the accelerator the BISG kicks straight in and starts to take the rotational energy of the engine from the coast down of your car and using an Electromagnetic field and stator and rotor just like a normal alternator.
To specify the system purely for my chosen vehicle I started with the battery, as said above I needed a 22.29 Ah, 48-volt battery. So, I have chosen a 48V 25Ah Battery, with 13 cells in series each with a nominal voltage of 3.7V. The weight is 25kg and the dimensions are 350 x 250 x 150 mm. This makes it small enough to fit under the rear seats of the vehicle or in the spare wheel well in the boot.
Moving on to the BISG, it will consist of a unit capable of generating a constant 5 kW of power, with a peak output of 12 kW during high-demand situations, such as regenerative braking or motor assist. This unit is designed to recover kinetic energy during braking, efficiently storing it in the battery for later use. Additionally, the BISG can deliver up to 67 Nm of torque directly to the engine's crankshaft. This torque assist helps reduce the engine's load during acceleration or hill climbs, improving fuel efficiency and reducing emissions. By integrating the BISG into the engine’s accessory belt system, it seamlessly supports both energy recovery and motor assist functions without the need for significant drivetrain modifications, which lowers costs on creating this system. (Magnetimarelli, 2017)






7. [bookmark: _Toc183950052]Plot The Kinetic Energy That Is Returned to the Road Wheels

Figure 7 - Cumulative Tractive Power Before and After KERS
As shown in the graph above, incorporating the KER system significantly enhances the total power output of the vehicle over the WLTP test cycle. By recovering and reusing energy that would otherwise be lost during braking, the system boosts the vehicle's overall efficiency. This increase in power is achieved through the assistance provided by the BISG, which not only supports the engine during high-demand scenarios like acceleration but also reduces the load on the engine. As a result, this improves both the vehicle's performance and fuel efficiency, making it a more effective and sustainable solution for everyday driving conditions.


8. [bookmark: _Toc183950053]Explain the systems functions, assumptions made and variations that the driver may feel driving the vehicle.
The system functions by fully replacing both the starter motor and alternator with a single unit, the BISG, which is installed in the same location as the old alternator. This ensures that no major adjustments are required, keeping the overall conversion costs low. The BISG handles starting the engine, eliminating the need for a traditional starter motor. Once the engine is running, the BISG switches to recovery mode. During normal driving, as soon as the driver releases the throttle pedal, the regenerative braking system engages, slowing the vehicle down and recovering energy that would otherwise be wasted. This reduces the need for conventional braking, although the standard braking system remains in place for emergencies or situations where additional braking force is required. This approach not only improves energy efficiency but also reduces wear on the brakes, offering smoother and more efficient operation. 
The system also includes a compact 48V battery that can be conveniently stored either under the rear seats or in the spare wheel well in the boot. This battery is designed to store the energy recovered during regenerative braking, ensuring it is readily available whenever the vehicle requires additional power. By efficiently capturing and storing this energy, the battery allows the system to provide instant support to the engine, improving performance and fuel efficiency without taking up significant space or impacting the vehicle’s practicality. 
Finally, several assumptions were made during the design of this system. Firstly, assumptions were made about the total power that would be generated over a given time frame from the BISG. The size of the battery was determined based on the WLTP test, which, although designed to simulate a variety of driving scenarios, only spans a 30-minute period. This means it does not fully reflect real-world driving conditions over extended durations. Additionally, assumptions were made regarding the efficiency and losses associated with the vehicle, battery, and BISG unit. While these losses are based on researched estimates, more detailed testing and analysis would be necessary to obtain precise figures if this system were to be specified from scratch. This highlights the importance of further research to ensure optimal system performance and accuracy.
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Velocity (m/s)



Tactive and Braking Energy Vs Time
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Tractive Power (Joules)



Cumulative Tractive Power Before and After KERS Vs Time
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What are the dimensions of Golf Hatchback 2013 and its fuel capacity

and the overall weight?

Fuel Capacity
Weight
Length
Width

Height
Wheelbase

Turning Circle

50 litres
1309kg

4255mm
2027mm
1452mm
2637mm

10m
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Performance

What is the BHP, top speed, torque, and CO2 emissions of Golf

Hatchback 20137

Power
Top Speed

0-60 mph

Torque

€O, Emissions

Euro Emissions Standard

Miles Per Tank

147 bhp
134 mph
83secs

320 Nm, 236 b
109 gkm

s A

737 miles.

G




