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Introduction
I have been tasked to analyse the effects of introducing kinetic energy recovery system to reduce my chosen vehicles fuel consumption. The aim of this analysis is to evaluate KERS and its potential either to reduce fuel consumption or to enable a full electric conversion of my chosen vehicle. KERS technology captures and stores energy that would otherwise be lost during braking and subsequently reuses it to assist propulsion, thereby improving overall efficiency.
I have chosen a Vauxhall Corsa D 1.2L 2010 model for this study. I chose this car because I own it, and I am genuinely interested in how a KERS could reduce my real‑world fuel consumption.
This compact city car is widely used, so equipping it with a KERS system could significantly lower fuel consumption and emissions. This presents a valuable chance to study how regenerative energy systems might improve both performance and fuel efficiency in traditional internal combustion engine (ICE) vehicles.
Width 173.9 cm
Height 148.8 cm
Curb Weight 1,253.5kg
79 HP
59 kW
47.1 Watts per kg or 0.0471 kw/kg
Top speed 104 Mph
	Fuel Consumption - Economy - City NEDC:
	37 MPG
7.7 L/100 km
31 MPG US

	

	Fuel Consumption - Economy-Open Road NEDC:
	60 MPG
4.7 L/100 km
50 MPG US

	

	Fuel Consumption - Economy - Combined NEDC:
	49 MPG
5.8 L/100 km
41 MPG US

	

	Range:
	482 miles / 775 km

	

	Fuel Tank Capacity:
	9.9 gallons
45 L
11.9 US gallons


 0 to 100 km/h 13.9s (0 to 62mph- 13.9s)
https://www.ultimatespecs.com/car-specs/Opel/1126/Opel-Corsa-D-12-16v.html
Width 173.9 cm, height 148.8 cm, curb weight 1,253.5 kg, rated power 79 hp (59 kW) and a top speed of 104 mph are taken from published specifications for the Opel/Vauxhall Corsa D 1.2 16V (Ultimatespecs, 2014).
The manufacturer‑reported NEDC fuel consumption values are 37 mpg (city), 60 mpg (open road) and 49 mpg (combined), corresponding to 7.7, 4.7 and 5.8 L/100 km respectively, with a quoted range of 482 miles and a 45 L fuel tank (Ultimatespecs, 2014).
Test mass
The weight of the car is 1160kg this is without fuel, passengers and any luggage. So, to accurate run this test I will need to add them. I weighs 75kg and I only normally drive to university, so I have my bag which has a mass of approximately 0.5 kg. The fuel tank has a capacity of 45 litters, with each litre of fuel weighing 0.79 kg, resulting in a total fuel weight of 35.55 kg when the tank is full.  however, I normally only run half a tank of 22.5kL so that weighs 17.775 kg which I will round up to 18 kg to account for any dirt left in the fuel tank and to make my calculations easier.
1160kg + 75kg + 18Kg + 0.5KG= 1253.5kg

[image: ]Frontal area 
Width: 173.9cm x Height times 148.8 cm = 25,876.32 cm squared.
Although I need to take into account the gap under the car. To do this we need to find the Ground Clearance and the tire dimensions. My tires are 195/55/R16, 195mm is the width of one tire, so 2 are 390mm or 39cm. The ground clearance is 150mm/ 15cm. To account for the tires then take away the tire’s width from the car width then times that by ground clearance. Finally, subtract that calculated number from the total. The frontal area is approximately 2.12 m²
Coefficient of aerodynamics drag
A drag coefficient of approximately 0.29 is adopted, consistent with published values for small hatchbacks of this generation (Ultimatespecs, 2014).
Rolling resistance coefficient 
To estimate rolling resistance, I assumed properly inflated road tyres on standard asphalt, with a coefficient between 0.010 and 0.012, which matches typical passenger‑car values.
Rolling resistance force = rolling resistance coefficient x mass of vehicle x gravity.
Frr = 0.012 x 1253.5kg x 9.81 = 147.56 N
Rolling resistance is calculated using , with a coefficient in the range 0.010–0.012 representative of properly inflated passenger‑car tyres on asphalt. Aerodynamic drag is calculated using , following standard vehicle dynamics practice


Aerodynamic resistance
Aerodynamic drag is calculated using , with air density 1.225 kg/m³, Cd = 0.29 and frontal area 2.19 m².

The Worldwide Harmonised Light Vehicle Test Procedure (WLTP)
The Worldwide Harmonised Light Vehicle Test Procedure (WLTP) is a globally harmonised test for determining fuel consumption, CO₂ emissions and pollutant emissions of light passenger vehicles, defined in UN Global Technical Regulation No. 15 (UNECE, 2018).
The high‑class WLTP cycle used here represents higher‑performance vehicles and provides a more realistic transient load profile than the older NEDC cycle (UNECE, 2018).
KERS system
KERS can be implemented in different ways, from full hybrids with a large traction battery, through plug‑in hybrids, down to mild systems with a small motor that assists the engine. In this project I focus on a simple regenerative‑braking KERS, which stores energy in a battery and then reuses it during acceleration.
Hybrid KERS
KERS can be implemented in different ways, from full hybrids with a large traction battery, through plug‑in hybrids, down to mild systems with a small motor that assists the engine. In this project I focus on a simple regenerative‑braking KERS, which stores energy in a battery and then reuses it during acceleration.
Regenerative Braking KERS
· Energy Recovery During Braking: Stores energy in a battery.
· Benefits: Simple, cost-effective way to boost fuel efficiency.
Hybrid vehicles can recapture 30–40% of their energy during braking through regenerative systems, storing it for later use.

I have selected regenerative braking KERS as it will fit perfectly for my vehicle as its old car and the simplest to install and run. Its not fancy and it achieves exactly what I set out the complete to reduce my fuel consumption. This method is very cost effective as the is no major drivetrain changes. A retrofitted KERS system on the Corsa would likely recover an estimated 10 to 20% of its breaking energy, this will be best used for reducing engine load and fuel consumption during city and urban environments during stop start driving. Retrofitting KERS to the Corsa will is less expensive that the total price to a new hybrid but will add weight and complexity. 

Components
I would need a battery to store electrical energy, a motor/generator, a brake pedal sensor, software, and a motor controller to manage the electrical flow between the battery and the motor.
I have selected a 48v lead-acid battery, it's commonly used in automotive applications and is relatively easy to integrate with the system components.
Then a brushless DC motor (BLDC), low maintenance, high efficiency and good reliability. An electric speed controller would be required.
I have found other examples of this.
‘The Motor--is what I found is a AC motor from Hi Performance Electric Vehicle Systems. The motor would a chose between the AC-9 to AC-15

Power Output --The lowest power motor, the AC-9 will produce 28 HP and 70 FT-Lbs @ 48V/650 Amps DC. The Curtis Controller is what varies the power output and changes the DC power to AC for the motor.’
https://www.miataturbo.net/race-prep-75/miata-electric-kers-74135/
in this he was able to add 28HP with a small battery and a little motor, is I was able to even have 20hp that will decrease my fuel consumption by around 10% to 15% while motor ways driving.
Fuel Economy: my car offers 62.8 miles per gallon (mpg) and emits 102g/km of CO2. 
If the car originally achieves 50 miles per gallon (mpg), a 10-15% improvement would increase it to approximately 55-57.5 mpg
That would then drop the emissions form 120g/km of co2 (10% to 20%) the new emissions would be around 95- 105g/km.
Estimated Energy Recovery around 0.5-1 kWh per 100 miles driven. This energy can be used to power auxiliary systems or assist with acceleration, further reducing fuel consumption.
KERS power requirement
From the “Power Required vs Time” graph, the largest power peaks during WLTP occur during the three strongest acceleration events, with peak wheel power of the order of 10–15 kW for the Corsa. To keep the retrofit realistic, the KERS is therefore sized to provide up to 15–20 kW of assist, consistent with the 28 hp (≈21 kW) AC‑9 motor example identified in the Miata KERS project (1993ka24det, 2013). This power level is sufficient to reduce engine load significantly during transients without requiring major drivetrain changes.
KERS energy storage requirement
[image: A diagram of a machine

AI-generated content may be incorrect.]The cumulative braking‑energy graph shows that total recoverable braking energy over a WLTP cycle is on the order of 0.5–1.0 kWh at the wheel, depending on the assumed recovery efficiency. Assuming a recovery efficiency of 15%, this corresponds to approximately 0.1–0.15 kWh stored in the battery during one cycle, so a 48 V battery of around 1–2 kWh capacity provides ample margin and allows repeated braking events without reaching full state of charge.
Cost
Fitting a regenerative braking system can cost between £1,000 and £2,000 for basic setups, although a full set up can cost between £5,000 to £8,000 for an integrated KERS with battery and motor.
Comparison
The advantages of installing a KERS system in the Vauxhall Corsa D are evident when looking at the Toyota Yaris Hybrid, since both cars are similar in size.  The Toyota is built for maximum energy efficiency, using an internal combustion engine, an electric motor, and a regenerative braking system. this example can show how my chosen vehicle could perform and highlight the gab between conventional ICE to a hybrid.
By incorporating a KERS into the Corsa, I estimate that fuel consumption will decrease by 10–20%, improving the miles per gallon from 50–60 mpg to 65–70 mpg.  
The Toyota Yaris hybrid has a mpg of 65-70 and a CO2 emission of 85-90 g/km dramatically lower that the Corsa at 129 g/km. although the performance of the Toyota is much higher you can see were the improvements of adding a hybrid system and how meaningful they could be. With the KERS the Corsa could reduce the emissions by 10-15% making it not just more efficient but also but more environmentally friendly.
	Feature
	Vauxhall Corsa D 
(ICE)
	Corsa D + KERS (Estimated)
	Toyota Yaris Hybrid

	Fuel Economy (mpg)
	45-50
	50-60
	65-70

	CO2 Emissions (g/km)
	129
	110-115
	85-90

	Energy Recovery (%)
	0
	10-20
	30-40

	System Cost (£)
	0
	5,000-8,000
	22,000-28,000



In summary the comparison between the Vauxhall Corsa and the Toyota Yaris Hybrid demonstrates the significant efficiency advantages of hybrid technology. While my car uses only an internal combustion engine (ICE), whereas the Yaris is a hybrid, the difference in data highlights how the Corsa can make improvements.  The addition of a KERS could deliver measurable improvements in fuel economy and emissions. While these gains would not match the performance of a full hybrid, they represent a practical and cost-effective enhancement for existing ICE vehicles. For an older Corsa like mine, KERS is a practical way to cut fuel use and emissions without needing a full hybrid conversion.
Data
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[image: ]All the tractive forces that include acceleration resistance, rolling resistance and Aero resistance compared to the total of all of them. Overlaying the low mid and high driving demand. As you can see at low speeds the tip of the point is lower and then it increases the higher speed it goes over time same with tractive forces as well that's why it has that curve as at a higher speed there is more drag on everything including aerodynamic drag is the main one.  


[image: ]This shows the rolling resistance, aerodynamic resistance and acceleration resistance plotted against time over the WLTP high‑class cycle. At low vehicle speeds, rolling resistance dominates and the aerodynamic term remains small, because drag force is proportional to the [image: ]square of speed. As speed increases, the aerodynamic resistance increases smoothly and becomes a major part of the total resistance, while the acceleration resistance peaks mainly during strong acceleration and braking phases.
This graph presents the total tractive force at the wheel as a function of time, combining rolling, aerodynamic and acceleration resistances. The curve illustrates that the highest tractive forces occur during the acceleration phases of the WLTP cycle, when both acceleration resistance and aerodynamic drag are high. During constant‑speed cruising the total tractive force is much lower, mainly balancing rolling and aerodynamic resistance, which matches the expected behaviour of a small passenger car such as the Corsa D. Between the peaks, the required power is much lower during constant‑speed sections, which suggests that most of the energy demand and potential fuel saving is associated with the transient acceleration events rather than steady cruising.
The cumulative traction energy and cumulative braking energy over the WLTP cycle. The traction energy curve increases steadily as the vehicle performs positive work at the wheels, while the cumulative braking energy curve steps upward during deceleration periods where kinetic energy is removed. The separation between these curves represents the net losses over the cycle, including aerodynamic drag, rolling resistance and drivetrain losses, and it highlights the total amount of braking energy that could theoretically be captured by a KERS.
From the cumulative braking energy, an assumed recovery efficiency of about 10–20% would give a realistic estimate of the energy that can be stored in the KERS battery, which is later used to support acceleration and reduce engine fuel consumption.

The “Power Required vs Time” graph shows that tractive power follows the shape of the total force curve, with three large peaks during the main acceleration phases of the WLTP cycle. Between these peaks the power demand is much lower during constant‑speed sections, which indicates that most of the KERS benefit will come from supporting transient accelerations rather than steady cruising.
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These equations follow standard vehicle‑dynamics practice (Gillespie, 1992)
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Cumulative Traction and Braking Energy vs Time
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