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1 Introduction

An increased demand for improved fuel efficiency and reduced emissions in modern vehicles has
driven the development of various energy-saving technologies. Among these, Kinetic Energy
Recovery Systems (KERS) have emerged as a possible solution. This KER system works by capturing
the kinetic energy, that would usually be lost during braking, and converting it into stored power,
thus reducing the need for engine power and therefore decreasing fuel consumption.

The KER system has effectively been used in Formula 1 since 2009 and was primarily designed to
recover kinetic energy during braking. Initially it was introduced to provide short bursts of power for
overtaking, but also as an attempt to improve its ‘environmental credentials’ (Holt, 2012). This was a
significant step in the sports evolution towards sustainability and despite the challenge posed by its
introduction, between adding 30kg to the car weight and the substantial cost of developing and
integrating the system, it still continues to be a success in F1.

The aim of this report is to analyse the effectiveness of this system integrated into a chosen vehicle,
and to assess how much energy can be recovered and utilized to improve the vehicle’s overall
efficiency.

The vehicle chosen for this report is a 5.0L V8 6-speed fastback Ford Mustang. The reason for
selecting this vehicle is that, as a 5.0L V8, the Mustang is known for its high fuel consumption,
making it an ideal candidate for evaluating energy-saving technologies. This report will compare the
fuel consumption of the Ford Mustang with and without KERS, highlighting the benefits, or
downsides, of integrating this technology into traditional internal combustion engine (ICE) vehicles.



2 Vehicle Selection and Characteristics

The Ford Mustang is a performance orientated muscle car known for its powerful engine and high
fuel consumption. The choice of this vehicle was driven by its large engine displacement and huge
potential for improvement in energy efficiency, through integration of a Kinetic Energy Recovery
System.

In order to accurately assess the effects of introducing a KER system, the key characteristics of this
vehicle will be essential. They will be used to calculate the tractive energy and the braking energy
required for the WLTP cycle analysis. The characteristics needed are the following:

2.1 Test mass
The test mass of the vehicle is the total weight including necessary fluids, equipment and passengers
and any luggage. For the Ford Mustang, the test mass is approximately 1,743kg (FORD MEDIA, 2016).

2.2 Frontal Area

The frontal area of the Mustang is estimated to be 2,168,902.41mm?2, which | calculated by drawing
the outline on SolidWorks. This value affects aerodynamic drag and will be used to determine
tractive energy required to overcome air resistance during the WLTP cycle.

2.3 Rolling Resistance Coefficient

The rolling resistance coefficient is the measurement of the friction between the tyres and the road.
Vehicles like the Ford Mustang will be equipped with performance tyres, the rolling resistance of
these will be smaller than a low end tyres on a daily used car. Rolling resistance can be effected by
tyre pressure, diameter, width or construction, as well as ground conditions, load and weather. The
estimated value of rolling resistance coefficient for performance tyres on the mustang in dry
weather is 0.012.

2.4 Aerodynamic Drag Coefficient
The equation to calculate aerodynamic drag is: % X p X A X cd X V2. Where p is the density of air

(1.225kg/m”"3), A is the frontal area stated in section 2.2, cd is coefficient of drag which is 0.36. This
value was stated on various references as different values so an assumption of 0.36 was made as an
average. V is the velocity the vehicle is travelling at in m/s.



3 WLTP

To determine how much the efficiency is effected when using a KER system, the Worldwide
Harmonised Light Vehicles Test Procedure (WTLP) will be used as a benchmark for fuel consumption
and braking energy. The Worldwide Harmonised Light Vehicles Test Procedure is a globalised
standard for measuring fuel consumption and CO; emissions. It was introduced in September 2017
for new cars and became mandatory by September 2018 (Vehicle Certification Agency, 2021). It was
created to replace the New European Driving Cycle (NEDC), and reflects real world driving speeds
(low, medium, high, extra high).

WLTP is sorted into 3 classes based on power-to-weight: class 1- low powered vehicles, class 2-
medium powered vehicles, class 3- high powered vehicles. With a power of 444bhp (330kW) and a
weight of 1743kg ,the Ford Mustang falls under class 3 with a measure 189Watts/kg. This serves as
the baseline for analysing how much energy can be recovered using a Kinetic Energy Recovery
System (KERS), and how this affects fuel consumption in various driving phases.

Figure 1 is a graph of the WLTP
cycle of velocity against time. It
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[Figure 2] WLTP of acceleration against time



4 Energy and Braking Analysis

4.1 Tractive energy

Tractive energy is the total energy required to move the car, this being the total force multiplied by
velocity. The calculations used to produce the data for this graph are as follows:

Ftractive = Facceleration + Faero + FRrr*
Cumulative Tractive Energy against time
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=
Ptractive = Firactive X V E 3.00
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4.2 Braking energy
Braking energy is the total energy transferred
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[Figure 4] Cumulative Braking energy against time

The cumulative braking energy is the previous value added to the next. If v=0 or is increasing, the
braking energy is equal to the previous energy when braking was occurring. For example, braking
begins at 36s:

CBE =37 = Vi=36 > V t=37 then (CBE t=36 + (05 *1743* (V t=37)2)-



5 KERS Power and Energy Storage

5.1 Power Input and Recovery Periods
To find the correct size KERS storage,

calculations of maximum power input must be b Deceleration
carried out. The maximum power input occurs 220
during acceleration in the extra high sector of 30.0
the WLTP test (i.e. motorway driving shaded in 25.0
figure 5). The total change in kinetic energy is
355kJ from 1724 to 1800 seconds.
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5.2 Energy Storage Capacity

The energy storage capacity for the KERS system must be larger than the maximum likely energy
needed. The data from the WLTP cycle suggests that the maximum input energy will be 355kJ, so
using this and the efficiency of each KERS, the storage capacity for each option can be calculated.

5.2.1 Battery

The efficiency of a battery can range from 70-90% and will decrease over time, but for this
calculation the assumption of 80% will be used. If max input is 355kJ and it is passed to a battery
through a motor of efficiency 70%, the input to the battery will be 75% of 355klJ.

Battery: 0.75 X 355,000 = 266,250 J = 266.25k/

A battery can store a maximum of around 400kJ (MathWorks, 2024), so a battery could provide
more than enough storage and would be a good selection for kinetic energy storage.

5.2.2 Flywheel

A flywheel is highly inefficient because it uses the drivetrain to transport the energy. The efficiency
of a flywheel is approximately 70% (Tie and Tan, 2013) and some can hold up to 540k} of energy
(Doucette and McCulloch, 2010). A flywheel KERS system would have to attach to the driveshaft and
at least one gear or clutch to disconnect when it’s not being used. A clutch has an assumed efficiency
of 70% (Shen and Mulleriyawage, 2020).

Output energy from flywheel: 0.7 X 0.7 X 355,000 = 173,000J = 173kJ

5.2.3 Supercapacitor

A supercapacitor, similar to the battery, is also used in combination with a motor. The
supercapacitor has a high efficiency of 95% (Tie and Tan, 2013) while the motor assumption of 80%
will be used for the calculations.

0.8 X 0.95 x 355,000 = 269,800J = 269.8kJ



6 Designing a KER System

6.1 KERS System Selection

Below is a table comparing some key characteristics of the 3 options of KERS that have been
selected. For this application, the focus is on the energy and power density, and the efficiency of the
system.

Table 1: KERS characteristics comparison

Energy | Power Efficiency | Durability/ | Weight/ size | Suitability | Charge rate
density | density Lifespan
Flywheel Medium | High High Long Heavy/bulky | Short Fast
bursts
Battery High Moderate | Medium- | Limited Moderate Long Slow- moderate
high intervals
Supercapacitor | Low Very high | Very high | Very long | Compact Quick Fastest
exchanges
135
In a report comparing these 3 options (Doucette and - %
McCulloch, 2010), the flywheel is stated as a highly —.,.]m i
inefficient way of energy storage due to rapid self- f . - DA
discharge. So although they have a high cycle life, as ‘i . '_a'“:‘ e
does a supercapacitor, they are less efficient and have 5 Lo - & Fiywheel
a larger weight and charge rate. A flywheel is often ;33 :,‘:Fﬁ.
] —.
used with a battery storage to contain any transferred = s
energy, but it will still only release short bursts of o -
energy, and therefore is not the ideal system . A Lo ; T
supercapacitor is effective for a high performance Total Power Source Cost / USD
motorsport or supercar as it will release large and Fig. 14. Fuel economy as a function of total power saurce (fuel cell + ESS) cost on

the NEDC.

quick bursts of energy, but as the aim of this KERS
system is to increase fuel efficiency, the battery is the
best option.

[Figure 6] (Doucette and McCulloch, 2010) a graph
comparing the cost and fuel economy of each KERS.

A ford mustang is a heavy, high fuel economy vehicle that would benefit from a KERS system with
longer energy release during acceleration that has been recovered from braking.

6.2 Sizing the Components
The maximum storage needed for the battery recovery system is roughly 300kJ, this is equivalent to
0.083 kWh. The recovery efficiency is assumed to be 65%, the actual recovery energy would be:

0.65 * 300kJ = 195kJ

A power rating for a motor is also necessary, to ensure the system can handle maximum braking and
acceleration energy. Assumption of maximum braking time to be 5s at a time.

The power rating for the motor will be: 195,000 / 5 = 39,000W = 39kW




6.3 How the system works

For the energy recovery to occur, the energy from the wheels must be transferred to the battery
through a circuit. This will rely on an electric motor to act as a generator during braking, converting
kinetic energy into electrical energy, and a motor during acceleration, to convert the stored
electrical energy back to mechanical. The lithium ion battery pack is typically used to store large
quantities of energy, given its high efficiency and reliability under high demand.

To manage flow between the motor and the battery, an inverter or controller will be essential. It will
convert direct current(DC) from the battery into alternating current(AC) for the motor, and vice-
versa during energy recovery. Additionally, a control system is necessary to determine when to store
energy in the battery, and when to release it to the motor. This ensures maximum efficiency of the
system and a seamless integration to the vehicles dynamic.



7 Energy Recovery

7.1 Kinetic Energy Recovery

The efficiency of the kinetic energy recovered into the battery is 65% recoverable energy, plus 75%
for the motor, making a total efficiency of 70%. This energy is fed back to the wheels from the
battery (80% efficiency) through the motor (75%), to the wheels with a total efficiency of 77.5%.
Figure 7 shows the total energy back to the wheels from the KERS system plotted with the braking
energy.
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[Figure 7] Kinetic energy recovered vs Braking energy.

7.2 Fuel Consumption Reduction

According to Ford data (FORD MEDIA, 2016), the 5.0L V8 mustang produces a combined mpg (extra
urban and urban) of 22.8. Considering an average of around 36mpg is assumed for petrol vehicles,
the mustang has a very low average.

Fuel contains an estimate of 36MJ of energy per litre (Massarweh et al., 2023). To calculate fuel
energy saved from the maximum deceleration:

Recovered energy(J) _ 195,000
Engine ef ficiency X fuel energy (J/kg) - 0.3%X36,000,000

= 0.018 litres every large braking event.

If the 5.0L V8 uses approximately 17Litres of fuel per 100 miles (22.8MPG), saving 0.018 litres per
100 miles is enough to justify the cost of a KERS system.



8 Discussion &/conclusion

In depth analysis has shown that a KERS system can significantly reduce fuel consumption,
particularly in urban areas where there is frequent stop-and-go traffic. The technology is also highly
effective for high performance vehicles, providing an instant boost of acceleration while optimizing
energy usage. However when applied to the Ford Mustang, fuel savings are offset by added weight
to the already heavy muscle car. While the recovery system offers some improvements, the benefits
are not substantial enough to justify the high costs associated with it.

For this vehicle, more suitable options to enhance fuel efficiency include engine tuning,
implementation of a hybrid powertrain, or weight reduction. These are better suited to this cars
performance and design as well as being more cost effective for the outcome.

In conclusion, while KERS remains a valuable technology for specific applications, integrating it to the
ford mustang does not provide sufficient benefits to justify implementation. The minimal cost
savings and the added weight do not outweigh the cost.
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10 Appendix

Cumulative energy against time
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[Figure 8] Cumulative energy against time

The graph in figure 8 shows the cumulative braking energy and cumulative tractive energy on the
same graph. This helps visualize the losses to the outside acting forces when driving.
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[Figure 9] Tractive power

The graph in figure 9 showing tractive power, is the tractive force (total force to move the vehicle)
multiplied by the velocity causing that force. Power is the rate of work done (Joules per second) and
demonstrates how much energy is needed to overcome the forces acting on the vehicle, per unit
time.
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[Figure 10] Total forces

This graph is a visual representation of the total forces acting on the vehicle during the WLTP test.
The rolling resistance is consistent unless velocity is 0m/s.
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