UWTSD
WISA
[image: A close-up of a sign

Description automatically generated]
Alternative Propulsion Systems
Kinetic Energy Recovery
ACHA5010

YASH PATANI
2306509
Yash Patani	Kinetic Energy Recovery	2306509
30/11/2025
2

Contents
1	Introduction	1
2	Experimental Procedure	2
3	Results	3
4	Analysis	4
5	Moments of KERS power input	5
6	KER System	6
7	Kinetic Energy Recovered Graph	7
8	System Operation	8
9	References	9



Figure 3‑1 WLTP data for a 2025 Toyota Yaris	3
Figure 4‑1 Cumulative Braking/Traction Graph	4
Figure 7‑1  Kinetic Energy Recovered on Wheel Contact	7
Figure 8‑1 Schematics of the KERS architecture (courtesy G.Vitale)	8

[bookmark: _Toc215428024]Introduction

The vehicle I have decided to choose to work on this assignment is a 2025 Toyota Yaris 1.5L Hybrid Active. I have chosen the Yaris, as a small hatchback has many properties that allows to be ideal for WLTP work, for a university assignment.
 The Yaris fits the WLTP target vehicle class really well, as it was designed for light-duty passenger vehicles and small vans. The vehicle mass is well within the light-vehicle range, the engine power and top speed can easily cover WLTP speed phases, as during testing, speeds can real up to 131 km/h in WLTP high phase testing. The Yaris also has a very common powertrain, that regulators care about most for CO2 and pollutant limits. The Yaris is a representative of the average car.
In Europe, B-segment and C-segment hatchbacks are extremely common as daily drivers, which means that the results we gain from testing are highly relevant to real-world users. It can be easier to justify design changes, like KERS, as they could scale to a lot of similar cars. 
Also compared to a large SUV or sports car, the Yaris has a moderate mass, which enables braking energies and tractive to be a sensible size for calculations. It has a reasonable power output, nothing absurd but can follow the WLTP speed trace without struggling. This means the KERS sizing, braking energy and tractive effort calculated will lead to practical component sizes, rather than giant or tiny unrealistic numbers.
Small hatchbacks like the Yaris have moderate drag coefficients and frontal area, they are not slippery like EV aero, or draggy like a large 4x4. This make a WLTP run useful as the aero drag and rolling resistance calculated will look very believable. A small hatchback is also a familiar mental model, so the WLTP graphs will look like something expected for a normal everyday car.
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Test Mass = 1085kg



Frontal Area = Width – 1695mm, Height – 1505mm Area = 2.04m^2
Rolling Resistance Coefficient = 0.007
Coefficient of Aerodynamic Drag = 0.3
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There are many types of KER systems that we could potentially use for recovery, but the one most suited to being added into a smaller hatchback like the Yaris, would be a supercapacitor-based recovery system.
In an ideal scenario the KER system would only be used for a short boost of 30kW’s over 5 seconds, which would be useful for launch control.
The system itself would weigh around 20-35kg. 
The supercapacitor bank would weigh 8kg and have a volume of 4L.  The Inverter, contactors and cooling bits would cost 7-10kg and have a volume of 5-8L. This would be mounted in either the engine bay or near the capacitor pack. The Motor-Generator Unit (MGU) would weigh around 10-15kg. This can be integrated into the gearbox or transaxle, so a big external box would not be visible, it would only make the transaxle casing look bigger.
The supercapacitor is incredibly efficient too, as KER has 2 phases, a supercapacitor-based system in the regeneration phase would have an efficiency of 84 – 90%, (0.9 MGU x 0.97 Inverter x 0.97 Supercap). Then during the boost phase, the supercapacitor-based system would have an efficiency of 84 - 90%, (0.97 Supercap x 0.97 Inverter x 0.9 MGU). The overall round trip efficiency would be 70 - 81%. 
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A supercapacitor-based Kinetic Energy Recovery System captures energy during braking, stores it electrostatically in supercapacitors, and releases it later for acceleration.
[image: ]
[bookmark: _Toc215428036]Figure 8‑1 Schematics of the KERS architecture (courtesy G.Vitale)
When the driver brakes, the electric motor switches to generator mode. Instead of wasting kinetic energy as heat in the friction brakes, it goes from the wheels into the motor/generator, then the motor generates electrical power, that power flows into the supercapacitors and the energy is stored as an electric field, not chemical reactions like a regular battery would. Supercapacitors are able to accept extremely high charge currents without overheating.  Supercapacitors store energy through electrostatic charge separation between plates. This means that they have a very low internal resistance, so they charge rapidly. They also have a high-power density, although it is lower than batteries. When the driver presses the accelerator, the power electronics regulates the output, and the supercapacitors are able to discharge rapidly. This means that energy goes to the electric motor which allows for more torque to be generated at the wheels.
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image2.png
Toyota Yaris 1.5L Hybrid Active
1497 cc 55 kW / 75 PS | CVT transmission
Petrol-Hybrid / Euro 6-WLTP

WLTP fuel consumption in liter / 100 km
various equipment levels
WLTP cycles:

Emissions Emissions Emi

ions Emissions Emissions

; . Extra . CO2  Noise .
Low  Medium  High K03 combined SO NOx co THC  THX*NOX Particulates
High combined leveldBA vy mgkm  mghkm  mghkm  mglkm
38 38 42 61 48 108 730 5 209 16
WLTP fuel economy in MPG(imp)
various equipment levels
WLTP cycles:
. ) Extra . COo2  Noise
Low  Medium  High DU combined (SO2 | MNelse
743 724 673 463 589 108 730
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5 modules of 2.4 kW
parallel connected





