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[bookmark: _Toc215431312]Introduction

This project investigates the integration of a KERS into a conventional road vehicle using detailed analysis of the Worldwide Harmonised Light Vehicle Test Procedure (WLTP). The WLTP represents modern, realistic driving conditions and is therefore appropriate for assessing the potential benefit of energy recovery systems. The focus of this study is the 2017 Skoda Rapid Spaceback, chosen due to its wide availability of technical data, suitability for WLTP Class 3 testing, and representation of a typical European passenger vehicle.
The analysis includes the calculation of resistive forces, tractive requirements, braking forces, instantaneous power demands, and cumulative energy flows over the WLTP cycle. These results then inform the specification and sizing of an appropriate KERS, including power rating, energy storage capacity, component selection, and system efficiency. Finally, the study evaluates the operational characteristics of a KERS-equipped vehicle and compares them to those of a conventional ICE vehicle with friction-only braking.

[bookmark: _Toc215431313]Vehicle Selection and Data 

I’ve chosen the 2017 Škoda Rapid Spaceback for this assessment for many reasons:
1. Data availability: Manufacturer specifications, aerodynamic values, and tyre data are all widely accessible for this vehicle.
2. WLTP Class 3 eligibility: Its power to mass ratio exceeds 34 W/kg which places it within Class 3 of the WLTP assessment.
3. Representativeness: As the vehicle is a widely used family hatchback and is very similar to other models of family hatchbacks it is a great option to carry out this form of analysis.
4. Mass and drag profile: These qualities make it a realistic platform for examining KERS benefits.
The Vehicle data and other required information for the analysis’s are shown in the Table below.
	Parameter
	Value

	
	

	Vehicle Mass
	1215kg

	Drag Coefficient 
	0.31

	Width
	1940mm

	Height
	1459mm

	Estimated Frontal Area
	2.406m^2

	Tyre Type
	Michelin Primacy 4, 185/60 R15

	Tyre Efficiency 
	C

	Rolling Resistance Coefficient 
	0.010

	Air Density 
	1.225kg/m^3

	Gravity
	9.81m/s^2




[bookmark: _Toc215431314]Estimated Frontal Area Calculations 

As there is no published data for the shape factor for the Skoda Rapid Spaceback I used the average value of a modern European hatchback which is 0.85.

Therefore     A = 0.85 x Width x Height
                                                                                 = 2.406m^2

Additional Assumptions I made to try and avoid any anomalies and keep my results accurate.

. Testing took place on a flat asphalt road
. Constant Air Density of 1.225kg/m^3
. Identical Tyre Pressure of 32PSI on each wheel
. WLTP Trace Followed Exactly 
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[bookmark: _Toc215431316]Rolling Resistance

Rolling Resistance Force = Rolling Resistance Coefficient x Mass x Gravity 
                                                                    = 0.010 x 1215 x 9.81
                                                                    = 119.1915
The rolling resistance coefficient was estimated based on the tyre’s EU efficiency rating. The Michelin Primacy 4 tyre fitted to the Skoda has a C class rolling resistance rating. A tyre with this rating will usually correspond to Rolling Resistance Coefficient value in the range of 0.009 and 0.011 for passenger vehicles on a flat asphalt road. A representative mid range value of 0.010 was therefore chosen.

[bookmark: _Toc215431317]Aerodynamic Drag

Aerodynamic Forces = ½ x p x Drag Coefficient x Frontal Area x Velocity^2
                                            = ½ x 1.225 x 0.31 x 2.406 x Velocity^2
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F = ma
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Total Forces = Rolling Resistance + Aerodynamic Drag + Acceleration Resistance 
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Tractive Force
                                                   Tractive Force = MAX (Total Tractive Forces,0)

Braking Force
                                    Braking Force = MAX (-Total Tractive Forces,0)
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                                                        Power = Force x Velocity


[bookmark: _Toc215431322]Energy and Cumulative Energy

                                        Change in E = Power x Change in T

[bookmark: _Toc215431323]Results and Graphical Outputs











[bookmark: _Toc215431324]Tractive Forces and Total Tractive Forces

The total tractive force showed a large array of fluctuations across the WLTP. I believe this is due to the accelerations as well as vehicle speed. Aerodynamic drag was seen to be increased at high speeds. The vehicles inertia forces also produced large increases during rapid acceleration and deceleration.

Key observations:
· Maximum positive tractive force: 2057.041N
· Maximum negative force: 1673.303N
· Low speed phase featured frequent small fluctuations
· Extra high speed phase dominated by drag-related loads

[bookmark: _Toc215431325]Tractive Power Analysis

Tractive power exhibited sharp peaks during acceleration events and at higher WLTP phases, consistent with increased aerodynamic drag.
Peak tractive power: 37.2kW
Power demand was lowest during the low-speed segment but contributed a significant share of total energy due to its stop-start nature.

[bookmark: _Toc215431326]Cumulative Energy Trends

· Total tractive energy: 3.04kWh
· Total braking energy: 0.589kWh

[bookmark: _Toc215431327]KERS Power Rating and Component Sizing


[bookmark: _Toc215431328]Peak Braking Power (KERS Charging Power Requirement)

The maximum braking power recorded over the WLTP cycle represents the highest rate at which kinetic energy is being dissipated at the wheels. For a KERS to operate well it must be able to absorb this power without “clipping” regeneration or deferring energy to the mechanical brakes.
From the braking power dataset:
                                                      
                                                   Peak Braking Power = 21.2kW


This peak power happened during a high speed deceleration in the Extra High phase of the WLTP. At this stage both aerodynamic and inertial braking were significant.
Therefore, the system will need to be designed to handle around 21kW of regenerative power
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The KERS will also need to be able to store the maximum amount of energy that can be regenerated during a single braking. 
From analysis of grouped braking events:
                                               Largest Braking Energy = 0.0576kWh

This is a relatively small storage requirement which I believe would be well suited to either a flywheel based KERS or a battery based KERS

[bookmark: _Toc215431330]Selection of KERS Technology

Flywheel KERS vs Battery Based KERS 

Flywheel KERS 

Advantages
· A high power density making it excellent for repeated heavy braking
· A very fast charge and discharge capability
· Long cycle life
Disadvantages
· Lower energy density
· More complex integration in conventional passenger vehicles

Battery Based KERS 

Advantages
· High energy density
· Easier to integrate with the vehicle
· They can provides an electric assist on acceleration
Disadvantages
· Lower power density than flywheels
· Can be prone to overheating

Looking at the two options I believe a Battery Based KERS would be the ideal options as the energy and power requirements aren’t huge. As it will be used in a road going hatchback it would provide it with better power delivery.





[bookmark: _Toc215431331]Expected Recovery Performance

Over the complete WLTP cycle, the total braking energy available for recovery was: 0.589kWh

Applying a realistic round-trip system efficiency of 75%:
                                   
                                          Energy Recovered = 0.75 x 0.589 = 0.44kWh

This means the KERS can return roughly 0.44 kWh of energy to the wheels throughout the WLTP cycle.
Comparing this to the total tractive energy needed which was 3.04kWh


The KERS offsets:

                                                             0.44/3.04 = 15 or 15%

Therefore, the KERS would reduce the energy demand by roughly 15%. This will result in a reduction of fuel consumption.


[bookmark: _Toc215431332]Comparison to conventional ICE vehicle with a friction braking system

In a conventional ICE vehicle with no regenerative braking, all braking energy is dissipated as heat through friction brakes. During the WLPT this amounted to:
0.589kWh

For a traditional ICE vehicle this is lost. Therefore acceleration must be powered solely through engine fuel consumption with no other aids.

The KERS equipped vehicle recovers approximately: 0.44kWh

This is energy that would have otherwise been wasted and instead is now put back into the drivetrain. The implications of this substitution are significant for many reasons which include.
Fuel Consumption Benefits

· Reduced engine load during re acceleration
· More time is spent operating at an efficient engine condition 

Brake Wear and Thermal Load

A KERS equipped vehicle will use the friction brakes much less in low and medium braking points. This will result in: 
· Reduced brake pad and disc wear
· Lower brake temperatures
· Improved braking consistency over extended descents

[bookmark: _Toc215431333]Conclusions

This report has analysed the effects of using a Kinetic Energy Recovery System (KERS) in a 2017 Skoda Rapid Spaceback. By using a WLTP Class 3 drive cycle I was able to produce a detailed spreadsheet which aided in calculating rolling resistance, aerodynamic drag, inertial forces, tractive and braking power, and cumulative energy consumption.
The WLTP revealed a total wheel level traction energy demand of:
3.04kWh

and total available braking energy of:
0.589kWh

Of this an efficient KERS can return approximately:
0.44kWh

A battery based KERS was identified as the most practical solution for this vehicle class. This was backed up by component availability, proven reliability and simple integration 
Overall the analysis has shown that integrating a KERS into a vehicle like the Skoda Rapid Spaceback can provide an efficiency improvement. Aid in the reduction of fuel consumption which will in turn reduce CO2 emissions.
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Power (W)



Cumulative Tractive and Braking energy over WLTP
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