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1. Introduction
This assignment investigates the potential impact of a Kinetic Energy Recovery System (KERS) on the overall fuel consumption of a high-performance vehicle, specifically the BMW M3 Touring. KERS, a technology initially popularized by Formula One racing, captures energy lost during braking and converts it into usable electrical energy, which can then be used to improve a vehicle's fuel efficiency or performance.
[image: ]This study uses the Worldwide Harmonized Light Vehicle Test Procedure (WLTP) as a framework for measuring energy losses during a vehicle's drive cycle. The WLTP is a global standard for measuring emissions, fuel consumption, and electric range in cars. By understanding where energy is lost during a WLTP drive cycle, the size and performance characteristics of a KERS system can be calculated to offset these losses.
The BMW M3 Touring, chosen for this study, is a unique combination of a high-performance estate vehicle and a practical family car. This balance of performance and practicality makes it an interesting candidate for the application of KERS technology. A few factors make the BMW M3 Touring particularly suitable for this research:Figure 1 Kew, 2023

- Availability of Technical Data: As a current production vehicle, technical data is readily available, allowing for accurate modelling and calculations.
-  Unique Segment: The M3 Touring belongs to a niche category of high-performance estate cars, a market also occupied by competitors like the Audi RS4 Avant and Mercedes C63 AMG Estate. These vehicles are expected to deliver high-speed performance and rapid handling while also providing enough space for family needs. This juxtaposition presents an interesting challenge for energy recovery systems.
- Potential for Efficiency Improvements: Given that the vehicle is more likely to be used for everyday activities such as school runs and shopping trips rather than track days, improving its fuel efficiency through KERS could have a meaningful impact on its day-to-day use. The nature of stop-and-go driving in urban environments provides ample opportunities for energy recovery via braking.
The technical specifications of the BMW M3 Touring are as follows: it has a 3.0L twin-turbocharged inline-six engine producing 390 kW of power and 650 Nm of torque, paired with an 8-speed ZF automatic gearbox and all-wheel drive. BMW claims a combined fuel economy of 27.2–27.4 miles per gallon (mpg), which places it in the range of typical high-performance cars. The vehicle weighs 1,940 kg, with the WLTP test mass added weight being 100kg + 15% the test mass comes to 2331kg (ICCT, 2020), has a drag coefficient of 0.32, and a frontal area of 2.75 m². The fully laden mass of this vehicle is 2370kg. (BMW UK, n.d)
In this study, rolling resistance was calculated for the vehicle, assuming it was equipped with Michelin Pilot Sport 4S tires, a standard option for this model. The rolling resistance for these tires was estimated to be 343.01 N, assuming a coefficient of rolling resistance (Crr) of 0.015. The choice of these tires is consistent with the high-performance nature of the car, but they also offer acceptable rolling resistance for real-world driving scenarios.
With an average fuel economy of around 27.3 mpg, this vehicle is a prime candidate for KERS implementation, as its daily use is likely to involve frequent braking and acceleration, scenarios in which KERS can prove most effective. Improving fuel efficiency in such conditions could make the BMW M3 Touring not only a high-performance vehicle but also an eco-friendlier option for family road trips and daily commuting.


 2. Methodology
Before we can explore the benefits of KERS, it is essential to establish which class of WLTP testing the BMW M3 Touring falls into. The vehicle’s weight is 2331 kg, and it produces 390,000 W of power from its engine. Using these figures, we calculate the power-to-weight ratio to be 167.31 W/kg. Given that the car has a limited top speed of 250 km/h (69.4 m/s), we can place it firmly within Class 3 of the WLTP testing parameters.
The WLTP drive cycle consists of several stages, which together simulate a range of driving conditions, from urban to highway driving. For Class 3 vehicles like the M3 Touring, the WLTP test lasts 1,800 seconds, covers 23,262 meters, and reaches a maximum speed of 131.3 km/h (36.47 m/s). (ICCT, 2020)
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Description automatically generated]To calculate the energy losses due to tractive resistance and braking, we first need to model the forces acting on the car during the drive cycle. The primary forces opposing the vehicle's motion are aerodynamic drag and rolling resistance. Aerodynamic drag is calculated using the drag coefficient (Cd) and the frontal area (A) of the vehicle, while rolling resistance is a function of the vehicle’s weight and the rolling resistance coefficient of the tires. The energy lost during braking can then be estimated based on the kinetic energy of the vehicle, which is proportional to its mass and the square of its speed.





Figure 2 University of Calgary


A typical KERS system consists of three primary components:
1. Motor/Generator Unit (MGU): Converts mechanical energy into electrical energy (or vice versa).
2. Power Control Unit (PCU): Manages the flow of electric current between the MGU and the energy storage device.
3. Energy Storage Device: This could be a battery, supercapacitor, or flywheel, depending on the system design. For this study, we will assume a lithium-ion battery for energy storage, as this is the most common and practical option for road vehicles. (University of Calgary, n.d.)
The KERS system operates by capturing energy that would otherwise be lost during braking (via the MGU), converting it into electrical energy, and storing it in the battery. This stored energy can then be used to power the vehicle’s electric motor or assist the internal combustion engine during acceleration, thereby reducing fuel consumption.
In this study, we will calculate the total amount of energy lost during the WLTP drive cycle and determine how much of this energy can potentially be recovered using a KERS system. We will also estimate the size of the KERS battery needed to store this energy and evaluate the system’s overall efficiency.

3. Calculations and Graphs
In the WLTP drive cycle, the BMW M3 Touring experiences two major sources of energy loss: tractive resistance and braking energy. The tractive resistance includes both rolling resistance and aerodynamic drag, while the braking energy represents the kinetic energy that is lost when the vehicle decelerates.
Tractive Resistance
The tractive energy loss during the WLTP drive cycle was calculated to be 15,662 kJ. This includes both aerodynamic drag and rolling resistance. Aerodynamic drag was calculated using the formula:
F drag​=21​⋅ρ⋅A⋅Cd​⋅v^2
Where:
- ρ is the air density (1.225 kg/m³),
- A is the frontal area of the vehicle (2.75 m²),
- Cd is the drag coefficient (0.32),
- v^2 is the vehicle's velocity (varies throughout the drive cycle).
Rolling resistance was calculated using the formula:
F rolling​=Crr​⋅m⋅g
Where:
- Crr is the rolling resistance coefficient (0.015),
- m is the mass of the vehicle (2331 kg), 
- g is the gravitational acceleration (9.81 m/s²).
Braking Energy
[bookmark: _Hlk183974836]The energy lost through braking during the WLTP test was calculated to be 4501.24 kJ. This energy represents the kinetic energy that could potentially be recovered by a KERS system. The total energy lost (tractive and braking) was 17855.86 kJ.
 Energy Recovery with KERS
KERS systems are typically able to recover between 30% and 70% of the energy lost during braking, depending on the system’s efficiency. For the purpose of this study, we will assume a KERS efficiency of 90%. Therefore, the total energy recoverable by the KERS system during the WLTP test is:
E recovered​=0.9⋅4501.24 kJ=4051.12 kJ
Given the total energy loss of 19,307 kJ during the WLTP test, the KERS system could theoretically reduce energy consumption by 9.4%. This reduction in energy consumption would translate directly into improved fuel economy for the vehicle.
KERS Battery Sizing
To store the recovered energy, we would need a battery with a capacity of at least 0.91 kWh. For comparison the average size of a battery in a Hybrid Electric vehicle (HEVs) is 1.3kWh. (Adamas, 2023)
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4. Evaluation
The BMW M3 Touring, as evaluated under the Worldwide Harmonized Light Vehicle Test Procedure (WLTP), showed significant energy losses due to tractive resistance and braking. The total energy lost was calculated to be 17855.86 kJ, of which 4501.24 kJ, was lost specifically during braking, representing a key opportunity for recovery using a KERS system.
By targeting this braking energy for recovery, KERS can play a significant role in improving the vehicle’s overall energy efficiency. In urban driving conditions, where stop-and-go traffic leads to frequent braking, the potential for energy recovery is even higher than on open highways. Given that the WLTP cycle includes periods of braking, it provides a good representation of real-world driving scenarios for daily use of the BMW M3 Touring.
Efficiency Improvements
Given the BMW M3 Touring’s combined fuel economy of 27.2 – 27.4 mpg, the addition of a KERS system could improve fuel efficiency by up to 10%, particularly in stop-start city driving. This would translate to a potential increase in fuel economy to around 30 mpg, depending on driving conditions and the frequency of braking. While the improvement may seem modest, in high-performance vehicles like the M3 Touring, even a small increase in fuel economy can lead to significant reductions in fuel consumption and emissions over the vehicle's lifetime.
Practical Considerations
While KERS presents a clear opportunity for improving fuel efficiency, it is not without challenges. One of the primary concerns is the added weight and complexity of the system. Although the components of KERS, including the MGU, PCU, and battery, are compact and lightweight in modern hybrid vehicles, their addition still increases the overall weight of the vehicle. In the case of the BMW M3 Touring, a vehicle already weighing 2,331 kg, the extra weight of the KERS system could slightly offset the gains in fuel efficiency.
However, advancements in lightweight materials and compact energy storage solutions have minimized the weight penalty of hybrid systems. For instance, lithium-ion batteries, while slightly heavier than supercapacitors, offer a better balance between energy density and weight, making them a practical choice for the M3 Touring.
Another consideration is the cost of integrating KERS into a production vehicle. While KERS is common in motorsport applications and has been successfully implemented in some high-end road vehicles, the cost of the technology can be prohibitive for mainstream use. In the case of the BMW M3 Touring, a premium vehicle, the added cost of a KERS system may be justifiable given the potential for improved performance, reduced emissions, and enhanced fuel economy.
Although KERS offers many advantages, its effectiveness is dependent on driving conditions. In highway driving, where braking events are less frequent, the potential for energy recovery is lower. Therefore, the benefits of KERS are more pronounced in urban environments with stop-start traffic. For drivers who primarily use their vehicles for highway commuting, the fuel-saving advantages of KERS may be less noticeable.


5. Conclusion
The implementation of a Kinetic Energy Recovery System (KERS) in a high-performance vehicle such as the BMW M3 Touring demonstrates clear potential for improving fuel efficiency, particularly in real-world driving conditions that involve frequent braking and acceleration. By capturing and repurposing the energy typically lost during braking, KERS can significantly reduce fuel consumption, making high-performance vehicles more eco-friendly without compromising on their driving dynamics or power.
Through the analysis of the WLTP drive cycle, this study calculated that the BMW M3 Touring experiences a total energy loss of 17885.86 kJ due to tractive resistance and braking. Of this, 4501.24 kJ is lost during braking alone, a substantial amount of energy that can be recovered by a KERS system. Assuming an energy recovery efficiency of 50%, the system could potentially recapture 2250.62 kJ (0.63 kWh), which represents about 12.6% of the total energy lost during the drive cycle.
The energy recovered could be stored in a battery with a capacity of at least 0.91 kWh, well within the range of current hybrid vehicle battery technologies. Such a system would improve the overall fuel efficiency of the vehicle, particularly in urban driving conditions where stop-and-go traffic provides more frequent opportunities for energy recovery.
The BMW M3 Touring, with its combination of high performance and daily practicality, presents a strong case for KERS application. While the vehicle's main appeal lies in its power and driving experience, the addition of energy recovery technology would enhance its efficiency, aligning it with the growing demand for greener, more sustainable transportation options. As consumers become more environmentally conscious, integrating technologies like KERS into performance vehicles could help bridge the gap between driving enjoyment and environmental responsibility.
When considering components for this system the battery needs to be large enough to store energy for all kinds of drive cycles however does not need to be cumbersome, The Growatt 3.3 kWh Lion Battery by Alternegy provides ample storage capacity, weighs 30kg.  A number of brands manufacture MGUs however BMW has a direct link to Bosch, and they manufacture the SMG 180 which offers an additional 90kw and 200nm, it weighs 30kg. The PCU is also available from Bosch as they make Inverters for HEVs and EVs.
In conclusion, KERS offers a feasible solution for improving fuel economy in performance-oriented vehicles like the BMW M3 Touring. The technology allows for efficient energy management by converting kinetic energy into usable electrical energy, reducing overall energy waste. Although KERS technology has its roots in motorsports, its application in road vehicles offers a promising path forward for enhancing fuel efficiency and reducing emissions, without compromising the characteristics that make cars like the BMW M3 Touring so desirable.
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