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1.0 [bookmark: _Toc235994560]Introduction and Vehicle Selection
This investigation evaluates the potential benefit of adding kinematic energy recovery (KERS) to a conventional diesel passenger vehicle. During braking, a conventional car converts most of its kinetic energy into heat at the friction brake. (Sharma, 2025-2026). A regenerative system instead operates an electric machine as a generator, stores part of this energy in a battery, and later uses the stored energy to provide wheel torque. This reduces the positive tractive energy that must be supplied by the ICE.
The selected vehicle for this was an Audi A6 Avant Edition 1 204 PS TDI Quattro S Tronic, registered as a 2026 vehicle. (Audi, 2026). It is an appropriate KERS subject because it is a relatively heavy estate car with all-wheel drive and an automatic transmission. Its mass increases the kinetic energy available during deceleration, while the automatic driveline is compatible with blended regenerative and friction braking.


[bookmark: _Toc235994561]2.0 Vehicle Dynamic Characteristics
[bookmark: _Toc235994562]2.1 Selected Vehicle Data
	Parameter
	Value 
	Basis

	Rated Power 
	150 kW (204 PS)
	Selected model specification

	Unladen mass without driver
	1930 kg 
	(Auto tijd.be, 2026)

	EU Kerb Mass 
	2005 kg
	(Auto tijd.be, 2026)

	Gross Vehicle Weight (GVW)
	2555 kg 
	(Auto tijd.be, 2026)

	Calculated Test Mass 
	2186.25 kg 
	

	Frontal Area 
	2.306 m^2
	

	Aerodynamic drag coefficient 
	0.25
	(Audi, 2026)

	Rolling Resistance Coefficient 
	0.0087
	Tyre label based assumption

	Tyres 
	Pirelli P Zero 275/35 ZR21 XL (103Y)
	[image: ]
Figure 1 - Tyre Size and Energy Label


	Cold Tyre Pressure 
	32 – 36 psi
	(TirePressure.com, 2026)



[bookmark: _Toc235994563]2.2 Test Mass
The assignment distinguishes test mass from kerb mass and GVW. For this exact Audi configuration, the publishes DIN kerb mass is 1930kg, the EU kerb mass is 2005kg, and the GVW is 2555kg. Because of the equation used to calculate test mass adds 100kg for the driver and test equipment, the DIN kerb mass was used to avoid counting the 75kg EU driver allowance twice. The test mass was then calculated by adding 100kg and 25% of the remaining payload capacity.
Test Mass = Unladen mass + 100kg + 0.25 (GVW – Unladen mass)
Test Mass = 1930kg + 100kg + 0.25 (2555kg – 1930kg) = 2186.25kg

[bookmark: _Toc235994564]2.3 Frontal Area
Frontal area was estimated from vehicle width, height and shape factors. This avoids using full rectangular width-height product, which would overestimate the projected area because the body has rounded corners, glazing and underbody clearance.
Frontal area = width * height * shape factor 
= 1.88m * 1.46m * 0.84m = 2.306m^2
(Auto-Data.net, 2026).

[bookmark: _Toc235994565]2.4 Rolling Resistance Coefficient 
The selected Pirelli P Zero tyre has an EU fuel-efficiency rating of C. For a passenger car tyre, class C corresponds to a rolling resistance coefficient range of approximately 0.0078 – 0.009. A value of 0.0087 was selected near the upper part of this range because the vehicle is heavy and the stated 32 – 36 psi operating range includes pressure at which tyre deformation will be greater.
Rolling Resistance Force = Rolling Resistance Coefficient * mass * gravity
= 0.0087 * 2186.25kg * 9.81 = 186.6N


[bookmark: _Toc235994566]3.0 WLTP Selection
The appropriate cycle is WLTP Class 3. Vehicle classification is based on rated power divided by vehicle mass. The selected Audi has a power to mass ratio of approximately 68.6 W/kg, which is above the 34 W/kg Class 3 threshold.
Power to mass ratio = 150000 / 2186.25kg = 68.6W/kg 
The Class 3 speed trace contains low, medium, high and extra high phases and is therefore appropriate for a high-performance passenger car capable of following the complete reference speed profile. 


[bookmark: _Toc235994567]4.0 Spreadsheet Methodology
The supplied WLTP Class 3 speed trace was processed at 1 second intervals. Vehicle speed was converted from km/h to m/s and acceleration was obtained from the change in speed between successive rows. The spreadsheet then calculated aerodynamic drag, rolling resistance, inertial force, total wheel force, wheel power and energy for every time step. 
	Calculations 
	Equations
	Unit 

	Speed conversion 
	Speed (km/s) / 3.6
	m/s

	Acceleration 
	Δv / Δt
	m/s^2

	Aerodynamic drag
	0.5 * area * cd * air density (1.225 kg/m^2) * velocity^2
	N

	Rolling resistance 
	Mass * gravity * coefficient of rolling resistance 
	N

	Inertial force 
	Mass * area
	N

	Total wheel force 
	Aerodynamic drag + rolling resistance + inertial force
	N

	Wheel power 
	Total wheel force 
	W

	Energy per row
	Wheel power / 3,600,000
	kWh



Positive wheel power was assigned to the tractive energy column. Negative wheel power was converted to a positive braking energy magnitude. 


[bookmark: _Toc235994568]5.0 Tractive and Braking Energy Results 
	Results 
	Calculated Value 

	Total positive tractive energy 
	3.77 kWh

	Total available braking energy 
	1.395 kWh

	Maximum possible braking power 
	43.83 kWh

	Power to mass ratio
	68.61 W/kg



The cumulative tractive energy plot increases only when positive wheel power is required. It remains horizontal during standstill and during periods when total wheel power is negative. The final value of 3.77 kWh represents the mechanical energy that must be delivered at the wheel road contact over the complete WLTP, before accounting for engine and transmission losses.
[image: ]
Figure 2 - Cumulative tractive energy required at the wheel over the WLTP

The cumulative braking energy plot increases during each deceleration in which the calculated wheel power is negative. The total of 1.395 kWh is the theoretical mechanical braking energy available at the wheels. It is not all recoverable because of generator power limits, battery limits, component losses, low speed operation and brake system control requirements. 

[image: ]
Figure 3 - Cumulative braking energy available at the wheels over the WLTP


 


[bookmark: _Toc235994569]6.0 KERS Power and Energy Storage Requirements
The maximum instantaneous negative wheel power calculated from the cycle is 43.83kW. A system rated below this valve would clip the largest recovery peaks, while a system rated substantially above it would add cost and mass for limited additional cycle benefits. A 40kW peak motor generator was therefore selected as a practical compromise.
The assignment states that energy from each recovery period may be assumed to be used before the next recovery period. Recovery events were therefore separated and the stored energy within each event was accumulated. The largest event stored approximately 0.122kWh after charge path losses. Allowing 60% usable state-of-charge window gives a minimum nominal storage capacity of:
Battery capacity = 0.1119 / 0.6 = 0.187kWh
A nominal capacity of 0.19 – 0.25kWh is therefore suitable for stated cycle assumption. A small high-power lithium-ion battery or supercapacitor-based buffer could meet this requirement. A battery would be easier to integrate with mild-hybrid electrical system, while a supercapacitor would offer excellent power capability and cycle life.
Small high-power lithium-ion battery references:
(DigiKey, 2026). (IEEE INNOVATION AT WORK, 2026). (Eureka by patsnap, 2026).
Supercapacitor-based buffer:
(ENERGY earthshots, 2023). (MDPI, 2026).


[bookmark: _Toc235994570]7.0 Proposed KERS Specification
	Component 
	Selected Value 
	Reason 

	Motor generator 
	40kW peak
	Captures most of the 43.88kW maximum braking demand 

	Energy storage
	0.19 – 0.25kWh nominal  
	Exceeds the calculated 0.187kWh minimum

	System voltage 
	Around 48V
	Suitable for a mild-hybrid passenger car system

	Motor generator efficiency 
	95%
	Assumed representative peak conversion efficiency 

	Inverter efficiency 
	98%
	Assumed representative power electronics efficiency 

	Battery charge efficiency 
	95%
	Allows for internal battery losses 

	Battery discharge efficiency 
	95%
	Allows for internal battery losses 

	Control strategy 
	Brake blending 
	Regeneration first, friction braking for the remainder



The charging path comprises wheel-to-machine, inverter and battery charge efficiencies. This discharge path includes battery discharge, inverter and machine efficiencies. Based on the elected assumptions, the approximate round trip efficiency is:
= 0.95 * 0.98 * 0.95 * 0.95 * 0.98 * 0.95 ≈ 0.824
The spreadsheet applies the 40kW power limit before the charging efficiencies. This prevents the model from claiming recovery above the selected machine rating.



[bookmark: _Toc235994571]8.0 Energy Returned to the Wheel Road Contact
After applying the motor generator, inverter, battery charge and discharge losses, the model returns 1.089kWh to the wheel road contact over the complete cycle. This corresponds to:
Potential wheel energy offset = 1.089 / (3.77 * 100) = 28.88%
[image: ]
Figure 4 - Cumulative recovered kinetic energy returned to the wheel
The 28.88% result it an idealised reduction in positive wheel energy, not a direct 28.88% fuel consumption reduction. Actual fuel saving would be lower because diesel engine efficiency varies with operating point, the hybrid equipment adds mass, auxiliary loads are excluded, and the stored energy may not always be deployed at the most efficient time.


[bookmark: _Toc235994572]9.0 System Operation, Assumptions and Driver Effects
[bookmark: _Toc235994573]9.1 System Operation
When the driver releases the accelerator or applies the brake pedal, the hybrid controller requests negative torque from the motor generator. The machine then converts wheel torque into electrical power. The inverter controls the current and transfer energy to the battery. When positive power is subsequently required, the energy flow reverses and electric machine supplies assists torque through the driveline, reducing the torque demanded from the diesel engine.
If the requested braking power exceeds 40kW, the regenerative system supplies up to its limit and the hydraulic friction brakes provide the remaining deceleration. Friction brakes are also required at very low speed, during emergency braking, when the battery is full or too cold, and when vehicle stability systems require individual wheel control. 

[bookmark: _Toc235994574]9.2 Main Assumptions
· The road is level and wind speed is 0
· Air density is fixed at 1.225kg/m^3
· The rolling resistance coefficient remains constant at 0.0087
· Tyres are correctly inflated within the stated 32 – 36 psi cold range
· Driveline rotational inertia and road gradient are omitted
· Accessory electrical loads, engine idling consumption and thermal effects are omitted 
· Each recovery event is assumed to have sufficient battery state-of-charge headroom
· Recovered energy is assumed to be sued before the following recovery event, as required by the brief

[bookmark: _Toc235994575]9.3 Driver Perceived Differences 
Compared with the conventional vehicle, the driver may experience stronger deceleration when lifting off the accelerator, depending on the selected regeneration strategy. The brake pedal must be blended carefully so that the transition between regenerative and friction braking is progressive and predictable. Changes in battery state of charge, temperature of low-speed operation could alter the amount of regeneration available, potentially changing pedal feel unless compensated by brake control system.
During acceleration, electric torque assistance should improve low-speed response and reduce the engine load. the transition should be largely transparent, although the driver may notice smoother launch performance and reduced diesel engine intervention. Added hybrid mass may slightly affect ride, handling and stopping distance if the chassis is not recalibrated.


[bookmark: _Toc235994576]10.0 Limitations and Recommendations
The model is a longitudinal wheel energy analysis rather than a full fuel consumption simulation. It does not include and engine efficiency map, gear-selection logic, quattro driveline losses, alternator loads, battery temperature, state-of-charge limits or additional mass of the KERS hardware. The rolling resistance coefficient is justified from the tyre label but remains as estimate because the label gives a class range rather than the exact certified coefficient for this particular tyre variant.
Further work should incorporate an engine brake-specific fuel consumption map, transmission efficiencies, a speed dependent rolling resistance model, regenerative braking limits at low speed, and a battery state-of-charge simulation. A sensitivity study using Crr values of 0.0078, 0.00087 and 0.009 would show how tyre condition and pressure affect the calculated cycle energy.
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[bookmark: _Toc235994578]11.0 Conclusion
The Audi A6 Avant Edition 1 204 PS TDI Quattro S Tronic was modelled over the WLTP Class 3 cycle using a calculated test mass of 2186.25kg, frontal area of 2.306m^2, drag coefficient of 0.25 and rolling resistance coefficient of 0.0087. The cycle required 3.77kWh of positive tractive energy and contained 1.395kWh of theoretical braking energy. 
A 40kW regenerative motor generator with approximately 0.19 – 0.25kWh of nominal high-power storage was selected. After the assumed conversion losses, the system returned approximately 1.089kWh to the wheels, equivalent to an idealised 28.88% offset of positive wheel energy. Although the actual fuel saving would be lower, the results demonstrate that a compact mild-hybrid KERS could significantly reduce the energy that must be supplied by the diesel engine during a WLTP cycle.
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