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[bookmark: _Toc215425531]Introduction
For researching and calculation a KERS system, I have picked a Volvo 850 Estate. With a simple shape it was easy to get a frontal area and drag Coefficient, heavier than most cars it might make a problem in finding a suitable KERS system that didn’t add much more. Also as it was manufactured before WLTP came out it required modernisation to the current standards.

[bookmark: _Toc215425532]WLTP

[bookmark: _Toc215425533]Drag Coefficient 
The Volvo 850 it featured a drag coefficient (Cd) of 0.32. This figure represented a major improvement over its predecessors and was highly competitive for a front-wheel-drive sedan. Key design features contributing to this efficiency included integrated bumpers, a steeply raked windshield, and bodywork designed to manage airflow cleanly. 

[bookmark: _Toc215425534]Weight
The Volvo has a kerb weight of 1400 kg. This weight was standard for a vehicle of its size and class in the early 1990s. The use of a mounted inline-five-cylinder engine and front-wheel-drive architecture contributed to its mass distribution. 

[bookmark: _Toc215425535]Frontal Area
The Volvo featured a frontal area 2.13 square meters, a figure that played a role in its overall aerodynamic efficiency. Frontal area represents the cross-sectional area of the vehicle as seen from the front, and when multiplied by the drag coefficient (Cd), it determines the total aerodynamic drag. The 850's relatively compact frontal profile for a mid-size car, combined with its well-optimized 0.32 Cd, resulted in a favourable drag product (Cd × A) that contributed significantly to its respectable fuel economy and low wind noise levels at highway speeds. 

[bookmark: _Toc215425536]Cumulative Braking and Traction
Cumulative Tractive Energy represents the total amount of mechanical energy supplied by the vehicle's powertrain to propel the vehicle over time. It is the running sum of the positive power required to overcome the forces opposing motion: aerodynamic drag, rolling resistance, and most significantly, the inertia during acceleration. this value quantifies the total "work done" by the engine or motor to follow the speed profile of the driving cycle. Every time the vehicle accelerates or maintains speed against resistance, the tractive energy increases.

Cumulative Braking Energy, in contrast, represents the total amount of the vehicle's kinetic energy that must be dissipated to slow down. It is the running sum of the negative power generated during deceleration events. This energy is what the braking system (comprising both the traditional friction brakes and any regenerative braking system) must manage. In a conventional vehicle, this energy is entirely lost as heat through the brake discs and pads.

The relationship between these two cumulative values is important for vehicle efficiency. In an ideal, perfectly efficient world with no losses, the tractive energy needed would exactly equal the braking energy available from decelerating, and the two cumulative curves would be identical. In reality they are not, and the gap between them illustrates the energy lost. More importantly, this relationship highlights the opportunity for a Kinetic Energy Recovery System (KERS). A significant amount of the cumulative braking energy, which would otherwise be wasted, can be captured and stored. This recovered energy can then be reused to supply a portion of the cumulative tractive energy, directly reducing the amount of new fuel or electrical energy the powertrain must consume.




[bookmark: _Toc215425537]KERS

A KER (Kinetic Energy Recovery) system captures and stores a vehicle's kinetic energy during braking that would otherwise be lost as heat. When the driver applies the brakes, the system converts the vehicle's momentum into a storable form of energy, typically in a battery or supercapacitor. This stored energy can then be reused to provide a power boost during acceleration, reducing the load on the primary engine. By recycling braking energy, KER systems improve overall energy efficiency, reduce fuel consumption, and lower emissions, making them a key technology for modern hybrid, electric, and high-performance vehicles.

[bookmark: _Toc215425538] High-Voltage Battery
This system is ideal for handling the cumulative energy demands of the full WLTC cycle. With individual braking events like the deceleration from 56.5 m/s to a stop potentially yielding over 80 kJ in a single second. Over the entire cycle, the cumulative braking energy can reach into the megajoules. A high-voltage battery system, with its high energy density (typically 100-250 Wh/kg), is perfectly suited to store this large total quantity of energy. For instance, capturing just 1 MJ of the total recoverable energy is equivalent to ~0.28 kWh, which can directly power the vehicle for several kilometers in electric mode, substantially reducing fuel consumption over the test cycle.

[bookmark: _Toc215425539]Supercapacitor-Based
This system excels at capturing the high-power, transient braking events present in the cycle. Peak deceleration forces can demand tractive power reversal in the range of 30-50 kW or more for short bursts. While a battery's charge acceptance rate may limit its ability to capture this entire power spike efficiently, supercapacitors can handle extremely high power densities (up to 10,000 W/kg). They can absorb these sharp power peaks with over 95% efficiency, ensuring that energy from aggressive decelerations—like the drop from 39.2 km/h to 27.1 km/h in 3 seconds—is not wasted as heat in the friction brakes, making them ideal for the frequent, sharp speed changes in the urban phases of the WLTC.

[bookmark: _Toc215425540]Electromechanical Flywheel 
This mechanical system is characterized by its exceptionally high round-trip efficiency and power. The kinetic energy stored in a flywheel is given by , where  is the moment of inertia and  is the rotational speed. For a vehicle with a mass of 1412 kg (from the spreadsheet), a deceleration event recovering 50 kJ represents a significant amount of kinetic energy. A lightweight, high-speed flywheel can convert this energy into rotational inertia almost instantaneously, with system efficiencies often exceeding 80%. This makes it extremely effective for the rapid, successive braking and acceleration events seen in the cycle, as it can dump 40 kJ of that stored energy back to the wheels in under a second to aid acceleration, directly reducing the engine's workload.

[bookmark: _Toc215425541]Conclusion
The High-Voltage Battery system is the superior choice because it is uniquely optimized to handle the total energy magnitude and variable power profile of the WLTC cycle. The cumulative braking energy calculated is substantial, likely summing to several megajoules (MJ) over the entire drive cycle. For example, if the cumulative braking energy totals 4 MJ, this is equivalent to 1.11 kWh (). A modern lithium-ion battery pack with an energy density of 150 Wh/kg would only require 7.4 kg of battery mass () to store this recovered energy, making it a mass-efficient solution. While supercapacitors and flywheels excel at power, their low energy density (typically 5-10 Wh/kg) means they would be physically too large and heavy to store the cycle's total recoverable energy, often saturating within the first few minutes. The battery's ability to absorb the prolonged, medium-power braking events that dominate the cycle—coupled with its capacity to store this energy for later use over extended cruising phases—results in the greatest overall reduction in fuel consumption and CO₂ emissions, which is the primary goal of the WLTP validation.



[bookmark: _Toc215425542]Suitable KER
A suitable KERS would be a P2 parallel hybrid retrofit, where an electric motor is installed between the engine and the existing transmission. This architecture leverages the car's robust original drivetrain while adding electrification. The core of this system would be a 40 kW (54 hp) Permanent Magnet Synchronous Motor, chosen for its high-power density and peak efficiency of around 96%. This motor size can handle the high-power regenerative braking events identified in the WLTC analysis—which can momentarily exceed 30 kW—while also providing a meaningful 180 Nm of torque boost for acceleration.
The energy recovered during braking would be stored in a 1.5 kWh Lithium Iron Phosphate (LiFePO4) battery pack, with a nominal voltage of 48V for a balance of power and safety. LiFePO4 chemistry is specified for its stability, long cycle life and high charge/discharge efficiency of approximately 95%. With an energy density of around 120 Wh/kg, this pack would weigh roughly 12-13 kg. This capacity is calculated to be sufficient to store the cumulative recoverable energy from deceleration phases without being overly large or heavy.
During a regenerative braking event, energy would pass through the motor (96% efficient) and the power electronics (98% efficient) to be stored in the battery (95% efficient). The efficiency for a full cycle of capture and reuse would be 0.96 × 0.98 × 0.95 × 0.98 × 0.96, yielding a net efficiency of approximately 84%. This means that for every 100 kJ of kinetic energy captured during braking, 84 kJ would be effectively returned to the wheels, significantly reducing fuel consumption and tailpipe emissions during urban driving conditions.

[bookmark: _Toc215425543]Assumptions
The specification of this system relies on several assumptions. Firstly it assumes the vehicle's existing gearbox and drivetrain can handle the additional 180 Nm of instantaneous torque from the electric motor without failure. Secondly, it assumes there is sufficient physical space within the engine bay or transmission tunnel to mount the electric motor and its associated clutch assembly, a challenge in a retrofit. Thirdly, the projected efficiency gains assume an intelligent and predictive braking strategy where regenerative braking is prioritized; the system is designed to recover energy before the friction brakes are applied. Finally, the performance estimates assume that the 48V electrical system and the 1.5 kWh battery have sufficient power capability (C-rate) to accept the high-power bursts of energy from aggressive deceleration without degradation or the need for cooling.

[bookmark: _Toc215425544]Characteristics
Compared to the conventional ICE vehicle, the driver will experience variations in vehicle behaviour. The most pronounced change is the engine braking effect; lifting off the accelerator will result in a much stronger and more immediate deceleration than in a conventional 850, creating a "one-pedal" driving sensation where the brake pedal is used less frequently for gentle slowing. During acceleration the driver will feel a noticeable reduction in turbo lag and a sharper throttle response, as the electric motor's instant torque fills in the power band before the engine spools up. The act of braking itself will also feel different; initial brake pedal travel will primarily engage the regenerative system potentially making the pedal feel slightly numb or less responsive at light pressure compared to the friction-only brakes of the original car. 
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