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The vehicle that has been chosen for this assignment is a 2025 Toyota Yaris 1.5L Hybrid Active. The Yaris has been chosen because as a small hatchback it has properties that allows to be ideal for WLTP work, for a university assignment.
 The Yaris fits the WLTP target vehicle class 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 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= Unladen Mass + Fixed Mass
Test Mass = 1085kg + 70kg
Test Mass = 1155kg

Frontal Area = Width x Height
Frontal Area = 1695mm x 1505mm 
Frontal Area = 2.04m^2
x
Rolling Resistance Coefficient = 0.01
Coefficient of Aerodynamic Drag = 0.31
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Moments of KERS power input
60 distinct braking/deceleration events occur across the full WLTP Class 3 cycle. The top ones:
	Rank
	Phase
	Time window (s)
	Speed drop (km/h)
	Peak decel (m/s²)
	Peak recovered power (W)
	Event energy (J)

	1
	Low
	271–280
	46.0 → 21.4
	−1.32
	331.5
	346.0

	2
	Middle
	695–708
	33.2 → 12.8
	−0.92
	99.1
	179.8

	3
	Middle
	751–764
	49.8 → 12.0
	−1.47
	151.0
	177.5

	4
	Middle
	677–684
	40.5 → 18.9
	−1.25
	172.1
	172.1

	5
	High
	1216–1262
	97.3 → 78.7
	−0.21
	10.3
	112.9


The two system requirements are:
Peak power input requirement: ~332 W, occurring at t = 280 s (Low-speed phase, decelerating from 46.0 to 21.4 km/h at up to −1.32 m/s²). This is the single largest instantaneous demand the electric machine and power electronics must be rated to absorb.
Minimum energy storage requirement: ~346 J (0.096 Wh). The total energy recovered during that same event. As stated, each recovery periods energy is used before the next, the storage system does not need to hold more than the largest single event.
Peak power and peak energy land in the same braking event here. This event isn’t guaranteed. It happened here as this is simultaneously the fastest deceleration onset and one of the largest speed drops in the whole cycle.
Events 2–4 are close behind on energy (172–180 J) 
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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 Battery Electric-based recovery system. This is common in production hybrid hatchback cars, as road braking events are frequent, low-to-moderate energy each.
In order to fit inside of a Toyota Yaris,
1. Motor/generator sizing. Applying a ~30% design margin over the 331.5 W peak gives a rated capacity of ~430 W.
This is a comparatively small device, in the same power class as an e-bike hub motor rather than anything like the Yaris's 59 kW MG2. A compact permanent-magnet machine at this rating would sit around ~100-120 mm diameter × 80-100 mm depth, roughly 2-3 kg, easily tucked against a wheel hub or belt-driven off the crank pulley, with no need for the transaxle-scale housing a full hybrid requires.
2. Energy storage sizing. The event-energy figures, 346 J single-event, sub-second-to-a-few-seconds discharge/charge, point firmly toward supercapacitors, not batteries as high power density and near-unlimited cycle life matter far more here than energy density, and 346 J is too small and too rapid a duty cycle to suit a battery's chemistry well.
Applying the same ~1.5× margin: target usable storage ≈ 520 J (0.144 Wh).
Sizing a small series stack of cells to match a sensible ~16 V bus, the means peak current stays manageable: 331.5 W ÷ 16 V ≈ 21 A, rather than >100 A at a single cell's ~2.7 V
6 cells in series (6 × 2.7 V ≈ 16.2 V), each cell ~24 F, giving a module capacitance of ~4 F at 16.2 V
E = ½CV² = ½ × 4 × 16.2² ≈ 525 J ✓ matches target
Physically, cells of this capacitance class are typically ~20-25 mm diameter × 40-60 mm long each; stacked as a 6-cell module the whole pack fits in an enclosure roughly 150 mm × 60 mm × 40 mm, under 0.3 kg — small enough for a glovebox cavity or a bracket behind a wheel arch liner, nothing like the under-rear-seat pack a full hybrid need.
3. Power electronics sizing
A bidirectional converter/inverter rated to the same ~430 W, ~21 A peak is comparable to a small e-scooter motor controller: roughly 100 mm × 70 mm × 30 mm, 0.3-0.5 kg.
4. Overall system footprint
	Component
	Approx. size
	Approx. mass

	Motor/generator
	100-120 mm ⌀ × 80-100 mm
	2-3 kg

	Supercapacitor module
	150 × 60 × 40 mm
	<0.3 kg

	Power electronics
	100 × 70 × 30 mm
	0.3-0.5 kg

	Total
	
	~3-4 kg


That's smaller and lighter than any production hybrid driveline component. This is sized for recovery-and-reuse only, not propulsion.
0.6 regen efficiency is the charge-side efficiency. Mechanical braking energy in, stored electrical energy out. Layering on realistic discharge-side losses to reuse that stored energy for propulsion assist:
	Stage
	Efficiency
	Cumulative

	Braking → stored energy (given)
	60%
	60%

	Supercapacitor round-trip loss
	~97%
	58.2%

	Power electronics (discharge)
	~95%
	55.3%

	Motor conversion (reuse as drive assist)
	~92%
	~51%


That means roughly half the kinetic energy that goes into the brakes during a WLTP lap ends up back at the wheels as useful assist — broadly in line with the round-trip efficiencies quoted for production 48V mild-hybrid systems.
The bigger-picture number is scale: the 4,682.6 J recovered over the full cycle is only 2.27% of the vehicle's total 206,428.9 J tractive energy demand. A small, cheap KERS-only bolt-on recovers a real but modest slice of everyday WLTP energy use, which is exactly why production manufacturers integrate regen into a full propulsion-capable hybrid system rather than building it as a standalone accessory.
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Kinetic Energy Recovered Graph
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For a 48V battery-electric mild-hybrid KERS, it is split into 3 parts. 
The Belt/crank-integrated starter-generator. This replaces the conventional 12V alternator. It's a single machine that does double duty. This starts the engine and acts as the regen generator during braking/coasting. The conventional 12V generator is replaced in its belt position by a 48V machine that converts kinetic energy into electrical energy with high efficiency during braking and stores it in a small, additional 48V battery.
A 48V lithium-ion battery provides the energy storage, chosen specifically because of its high energy-to-weight ratio and its ability to accept energy quickly.  Which is exactly what's needed for efficient regenerative braking. Small, low mass, easy to package in a hatchback without eating into cabin/boot space.
A DC/DC converter. This steps the 48V rail down to the standard 12V system that runs lighting, infotainment, and other conventional loads, so the rest of the car's electrics don't need a redesign.
During Lift off or brake application, the vehicle's controller reads driver input, accelerator release, brake pedal position or rate, and decides how to split the deceleration demand between the electric machine and the hydraulic friction brakes. A brake controller analyses driver input and vehicle conditions to determine the ideal blend of regenerative and friction braking at any given moment, communicating with both the hybrid system and the conventional braking components. 
Lift-off/brake application the controller commands the BISG to reverse into generator mode. Magnetic resistance inside the motor creates a drag torque, which is felt as deceleration. 
That drag torque is converted to current, sent through the DC/DC path into the 48V battery.
As speed drops the electric machine's regen effectiveness collapses, a generator produces less torque/power at low RPM, so friction brakes take over to complete the stop at low speed.
On hard braking or emergency stops, the system leans much more heavily on the friction brakes from the start, since hybrid systems rely more on friction brakes during strong or emergency stops. The electric machine and battery simply can't absorb a full emergency-stop power spike.
Pedal feel is deliberately decoupled from actual brake force: hydraulic brake pressure is generated by the ABS module's electric pump motor rather than directly by the driver's foot, so the pedal can be kept consistent even as the underlying regen/friction ratio changes moment to moment. Some systems add a pressure simulator specifically to keep pedal feel consistent regardless of which system is dominant

When dealing with KERS systems, there are a few assumptions that are baked into their designs.
SoC and thermal headroom exist. Blended braking assumes the battery isn't already full or too hot to accept charge. Brake energy recovery is fundamentally limited by the state of charge of the energy storage system. If SoC is high, the controller silently shifts more of the load onto friction brakes, and the driver won't be told why. 
Braking demand is within the machine's torque/power envelope. Sized against your peak P(t) calc, anything above that must fall to friction brakes. 
Speed is above the regen cutoff threshold. Below it, torque and generator efficiency fall off, so friction brakes are assumed to finish every stop. 
Smooth, continuous control authority is available. The whole "invisible blend" premise assumes fast, glitch-free communication between the hybrid controller and brake controller. This can break down: systems with the motor mechanically coupled through a transmission can experience gaps in regenerative braking during gear shifts, producing a noticeable delay before brake torque is achieved by a mild hybrid on a belt-driven BISG (no transmission coupling) largely avoids this, which is actually one advantage of the BISG architecture over motor-through-gearbox designs 
That driver behaviour is ‘normal’. Calibration engineers log huge mileage to tune this.
1. Deceleration on lift-off engine braking vs regen drag. In a conventional car, lifting off the throttle gives you mild engine braking from compression/pumping losses. In a KERS-equipped hatchback, lift-off produces regen drag instead, this is felt as a gentle magnetic-resistance deceleration, which is typically stronger and more controllable than pure engine braking, and it can be tuneable.
2. Pedal feel, this is the biggest complaint area. As hydraulic pressure is machine-generated rather than direct foot-to-calliper, and because the regen/friction split is constantly recalculating in the background, drivers can perceive inconsistency: even when the driver believes they're applying the same pedal force, small differences in speed or pressure can change how much regen is used, which can lead to customer complaints about pedal feel. A well-tuned system (like Ford's, with its dedicated pressure simulator) largely hides this, but cheaper/less-refined mild-hybrid calibrations can produce a faint "two-stage" or slightly grabby feel, especially right at the regen-to-friction handover speed. 
3. A very mild ‘phantom drag’ at low speed. As the system approaches the regen cutoff, torque authority shifts to friction brakes. In a well-tuned system this is seamless; most modern hybrids blend the two so smoothly the handoff is imperceptible. but on rougher calibrations you can feel a very slight change in bite right as the car nearly stops. 
4. No real difference under hard or emergency braking. Because heavy stops default to friction brakes anyway, a driver slamming the brakes in a KERS hatchback should feel essentially identical to a conventional car,  this is by design, since ABS/ESC intervention and stopping-distance requirements can't be compromised for the sake of energy recovery.
5. Brake pad longevity feedback. Because regen handles a large share of everyday braking, hybrids often show markedly reduced front-pad wear,  not something felt turn-by-turn, but relevant if you're writing about system-level trade-offs. 
The system is designed to be invisible under normal driving and to fail gracefully whenever an assumption is violated, if the SoC too high, speed too low, torque demand above the machine's power ceiling, or driver input too aggressive or sudden. The residual ‘feels’ differences drivers notice in real cars are almost entirely calibration-quality issues in that blending logic, not fundamental limitations of the battery-electric KERS concept itself.
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Graph of Forces and Total Force
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Cumulative Tractive Energy over the WLTP Cycle
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Cumulative Tractive Energy (J)



Cumulative Braking Energy over the WLTP cycle
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Energy Recovered on Contact (J)



image1.png
Prifysgol Cymru
35 Y Drindod Dewi Sant

¥ University of Wales
Trinity Saint David




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





