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Kinetic Energy Recovery System (KERS) Analysis for Nissan Leaf

1. [bookmark: _Toc183895980]Introduction
This report investigates the effect of introducing a Kinetic Energy Recovery System (KERS) in the Nissan Leaf to reduce fuel consumption and improve energy efficiency. The analysis is based on the WLTP Class 3 driving cycle, which is a standardized procedure for evaluating vehicle energy consumption, emissions, and performance.
The Nissan Leaf, an electric vehicle (EV), is selected for this study due to its established energy consumption characteristics, making it an ideal candidate for evaluating KERS effectiveness in a real-world context.

2. [bookmark: _Toc183895981]Vehicle Selection: Nissan Leaf
Why Choose the Nissan Leaf?
The Nissan Leaf is a widely recognized electric vehicle that has a well-documented performance profile and is commonly used in studies of energy recovery systems due to its mass, battery capacity, and efficiency in real-world driving conditions. The vehicle's specifications are readily available, and it is representative of modern electric vehicles in terms of powertrain characteristics[1].
Key specifications of the Nissan Leaf:
· Test Mass: 1500 kg
· Frontal Area: 2.27 m²
· Rolling Resistance Coefficient: 0.01
· Aerodynamic Drag Coefficient: 0.28
· Battery Capacity: 40 kWh
· Maximum Speed: 131.3 km/h (36.47 m/s)
This vehicle is chosen to represent an electric vehicle that operates efficiently and would benefit from energy recovery during breaking and deceleration phases[1].

3. [bookmark: _Toc183895982]Selection of the Appropriate WLTP for the Nissan Leaf
3.1 [bookmark: _Toc183895983]Overview of WLTP
The Worldwide Harmonized Light Vehicles Test Procedure (WLTP) is a globally recognized test   for assessing the energy consumption, emissions, and performance of light-duty vehicles under real-world driving conditions. WLTP is divided into classes based on a vehicle's Power-to-Mass Ratio (PMR) and maximum speed [2]. The results of a number of tests will be discussed and evaluated further down in this report. The car will be evaluated based on how well it performed on the test. The dynamic properties of the vehicle will be included in spreadsheets, and the results of the tractive and braking energy at the wheel during the course of the WTLP cycle will be plotted based on the results of the automobile. In addition to that, a suitable Kinetic Energy Recovery system will be specified, which will include components of the appropriate size as well as the appropriate values for their efficiencies. Additionally, an explanation of how the system functions in order to store energy in a reservoir (often in a flywheel or high voltage batteries)
for later use while the vehicle is accelerating; assumptions, as well as any variances that the
driver may feel, and any other relevant information. To make things clearer and
understandable for someone who is not particularly enthusiastic about this topic, an Excel
spreadsheet that includes a variety of components such as Time, Vehicle speed, and
Acceleration resistance will be created and displayed further down in the report. Additionally,
several other tables and graphs will be included, along with explanations that are
provided below and in between them. 

WLTP Initially, it was founded on theoretical driving; however, since that time, technology has advanced significantly, and so, it is now considered obsolete. The Kinetic Energy Recovery System, which is employed by race cars &amp; Formula One (F1) vehicles, is an example of a substantial advancement that has been made. Certain automobiles are designed to make use of the thermal energy which is generated by the brakes during the deceleration process. They then transform this energy into either mechanical or electrical energy, with the intention of storing it for the purpose of improving fuel efficiency or accelerating at a later moment in the competition (WHLTP,2020).

In addition to the KERS example that was mentioned before, the WHLTP technique depends on real-driving data that is collected from all over the world. As a result, it represents a more accurate representation of driving profiles that are used on a daily basis. Despite the fact that the European Union along with other regions had slightly different methods of testing in accordance with their respective traffic laws and requirements, the goal has remained the same: to be implemented as a global test cycle throughout the world in order to ensure that fuel consumption in addition to pollutant while CO2 emission will be comparable worldwide.

  (WLTP, 2020)The examination is broken up into four sections, each of which has a distinct average pace (low, medium, high, and extra high). The worldwide harmonised light vehicle test technique is comprised of three tests that the vehicle must pass. The first test is the speed trace, which includes both low and medium speeds up to 70 kilometers per hour. In the second test, slow, medium, and high speeds up to 90 kilometers per hour are included, and in the third test, low, medium, high, and extremely high speeds up to 135 kilometers per hour are included respectively. It is important for consumers to be able to compare different automobiles in terms of their CO2 emissions and fuel economy, which is one of the primary reasons why these tests are being conducted. This is quite significant since it enables customers to evaluate several automobile models head-to-head and select the most suitable option. The vast majority of EU nations impose some form of taxation on the ownership of automobiles.

The WLTP tests provide a number of advantages, including the following:
· Driving that is more realistic 
· Higher average and maximum speeds
· A wider variety of driving scenarios to choose from
· A higher average maximum power output, longer test distances, shorter stops, the ability to enable both the best- and worst-case values for the consumer, and more stringent car set up requirements are all benefits of this technology. 
According to what was stated earlier, these are the advantages of the WLTP for the majority of consumers. It is likely that they do not even notice all of the tests that their vehicle has been subjected to in order to be in their home. WLTP, on the other hand, will be able to provide a computation that is significantly more accurate for the amount of fuel that a vehicle consumes and the emissions that it produces. (WLTP P. T., 2020)

3.2 [bookmark: _Toc183895984]Vehicle Details: Nissan Leaf
The Nissan Leaf is a fully electric vehicle (EV) with the following specifications:
· Vehicle Mass (m): 1500 kg
· Power Output (P): 110 kW (peak power)
· Maximum Speed (v-max): 144 km/h
· Power-to-Mass Ratio (PMR):
PMR=P/m
=110,000/150
=73.33 W/kg
Based on the PMR > 34 W/kg and a maximum speed > 135 km/h, the Nissan Leaf qualifies for
WLTP Class 3 testing.
3.3 [bookmark: _Toc183895985]WLTP Class 3 Characteristics
The WLTP Class 3 cycle is designed for vehicles with high power-to-mass ratios and high maximum speeds, representing a mix of urban, suburban, rural, and highway driving conditions.
Key Characteristics of WLTP Class 3:
1. Duration: 1800 seconds (30 minutes).
2. Phases:
· Low Speed Phase: Simulates urban driving (up to 56.5 km/h).
· Medium Speed Phase: Simulates suburban driving (up to 76.6 km/h).
· High Speed Phase: Simulates rural driving (up to 97.4 km/h).
· Extra-High-Speed Phase: Simulates highway driving (up to 131.3 km/h).
3. Speed Profile:
· The cycle incorporates a mix of accelerations, decelerations, and steady cruising, reflecting real-world driving conditions.
3.4 [bookmark: _Toc183895986]Justification for WLTP Class 3
The Nissan Leaf operates efficiently in urban and highway scenarios, making WLTP Class 3 the most suitable driving cycle for this analysis:
· Urban Driving Simulation: Evaluates energy efficiency in stop-and-go traffic.
· Suburban and Rural Simulation: Tests performance at moderate speeds with minimal stops.

· Highway Simulation: Assesses energy consumption and braking energy recovery at high speeds.
The WLTP Class 3 driving cycle is selected as accurately reflects the Nissan Leaf's real-world driving conditions and performance capabilities. This ensures a comprehensive evaluation of the vehicle's energy consumption and the potential for KERS (Kinetic Energy Recovery System) integration.

4. [bookmark: _Toc183895987]Calculations
· For Tractive Energy:
· Rolling Resistance Force (Fr)
Fr=Cr⋅m ⋅g Cr=0.01, m=1500 kg, g=9.81 m/s2

· Aerodynamic Drag Force (Fd)
Fd=0.5⋅ρ⋅Cd⋅A⋅v2 ρ=1.225 kg/m3, Cd=0.28, A=2.27 m2
· Acceleration Force (Fa)

Fa=m⋅a
a=Rate of change of speed
· Total Tractive Force (Ft)
Ft=Fr+Fd+Fa
· Tractive Power (Pt)
Pt = Ft . v
· Cumulative Tractive Energy (Et)
Et=∫Pt dt

· For Braking Energy:
1. Braking Energy (Eb)
Eb=1/2⋅m⋅(V initial2− V final2)
o Calculated only during deceleration (V-final < V-initial)
2. Cumulative Braking Energy

E-braking, cumulative=∫Eb dt
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Figure 1: Graph between Cumulative Energy(J) and Cumulative Braking Energy(J) vs Time1
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5. [bookmark: _Toc183895988]Moments of Largest KERS Power Input and Energy Storage Requirements
The largest KERS power input and energy storage requirements occur during high-speed deceleration events in the WLTP Class 3 driving cycle. These events provide maximum kinetic energy for recovery, which is determined by the vehicle's mass and speed during deceleration.

· Key Parameters

· Vehicle Mass (m): 1500 kg
· Maximum Speeds (v-max):
· Low Speed Phase: 15.69 m/s (56.5 km/h)
· Medium Speed Phase: 21.28 m/s (76.6 km/h)
· High Speed Phase: 27.06 m/s  (97.4 km/h)
· Extra-High-Speed Phase: 36.47 m/s (131.3 km/h)

· Energy Recovery (Kinetic Energy)

The energy recoverable during deceleration is:

Ek=1/2⋅m⋅(V Initial2 – V	2)final


Where:

· V-initial: Speed before deceleration.
· V-final: Speed after deceleration (e.g., 0 m/s for a complete stop).

· Calculations for Each Phase


	Phase
	Initial Speed (V-initial) [m/s]
	Final Speed (v-final [m/s]
	Recoverable Energy (E) [J]

	Low
	15.69
	0
	1/2⋅1500⋅(15.692)=184,432.2 J

	Medium
	21.28
	0
	1/2⋅1500⋅(21.282)=339,696 J

	High
	27.06
	0
	1/2⋅1500⋅(27.062)=548,930.7 J

	Extra- High
	
36.47
	
0
	
1/2⋅1500⋅(36.472)=996,421.6J




· Power Input During Braking

The power required during deceleration is:

PKERS=Ek/t

Where t is the duration of deceleration. Assuming a deceleration time of 5 seconds:

	Phase
	Recoverable Energy (Ek)

[J]
	Deceleration Time (t)

[s]
	Power Input (PKERS)

[W]

	Low
	184,432.2
	5
	P=36,886.4

	Medium
	339,696.0
	5
	P=67,939.2

	High
	548,930.7
	5
	P=109,786.1

	Extra-High
	996,421.6
	5
	P=199,284.3



· System Requirements

Based on the above calculations:

· The maximum energy storage required by the KERS is 996,421.6 J (996.4 kJ).
· The maximum power input required is 199,284.3 W (199.3 kW).

· Practical Considerations

· The KERS must have a storage capacity of at least 1 MJ.
· The motor-generator unit (MGU) should handle peak power of 200 kW.
· Real-world recovery efficiency is typically 85-90%, which reduces actual recoverable energy.

6. [bookmark: _Toc183895989]Selected KERS System: Battery-Based KERS
A Battery-Based KERS is ideal for the Nissan Leaf due to its high energy efficiency, storage capacity, and seamless compatibility with electric vehicles.
Components and Sizing:
1. Energy Storage (Battery):
· Type: Lithium-Ion.
· Capacity: 1 MJ (to handle peak energy recovery).
· Efficiency: 90–95%.
· Voltage: 300–400V (aligned with EV powertrain).
2. Motor-Generator Unit (MGU):
· Power: Up to 200 kW (peak deceleration input).
· Efficiency: 85–90%.
3. Power Electronics:
· Includes inverters and controllers for managing energy transfer.

· Efficiency: 95%.
4. Control System:
· Optimizes energy recovery and release.
· Prevents battery overcharging and ensures smooth operation.
This system effectively enhances energy efficiency, reduces brake wear, and integrates seamlessly into the vehicle’s existing architecture[3].

7. [bookmark: _Toc183895990]Plot the Kinetic Energy Recovered
The Kinetic Energy Recovered represents the cumulative energy stored during deceleration events. Here’s how it evolves during the WLTP cycle:4500000
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Figure 2: Graph between Recovered Cumulative vs Time

8. [bookmark: _Toc183895991]Driver Perception Compared to ICE Vehicles
1. Regenerative Braking:
· The driver will feel smoother breaking as the system blends regenerative braking with friction brakes.
· Initial braking may feel less abrupt compared to conventional friction brakes.
2. Improved Efficiency:
· Energy recovery enhances range and reduces the need for frequent recharging.
· Drivers may notice better overall efficiency in stop-and-go traffic.

3. Reduced Brake Wear:
· Friction brakes are used less frequently, leading to lower maintenance costs.
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