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	· University of Wales Trinity Saint David
·  Kinetic Energy Recovery System
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[bookmark: _Toc215424666]Introduction
This report provides a detailed evaluation and hypothetical implementation of a KERS system in the students 2012 Ford Fiesta 1.0 Eco Boost. With the purpose of analysing how much kinetic energy is dissipated during braking over the WLTP Class 3 driving cycle, the student will analyse this data to determine what KERS system is optimal for their car. 
To achieve this, the WLTP velocity–time profile was analysed to identify braking events, calculate braking power and determine the total recoverable energy available throughout the cycle. These results were then compared with the performance characteristics of three KERS technologies: flywheel, battery and supercapacitor systems. Each option was assessed in terms of efficiency, power density, energy storage capability, packaging constraints and suitability for a small passenger car.


[bookmark: _Toc215424667]Vehicle Specification and Assumptions
[bookmark: _Toc215424668]2.1 Frontal Area
In order to calculate the car’s coefficient of aerodynamic drag we must calculate the frontal area. According to Carwow (2014) the frontal area of the 2012 Ford Fiesta is approximately 2.18 m^2. 
[bookmark: _Toc215424669]2.2 Test Mass
The test mass of the vehicle is the value at with all potential loads added. This includes the kerb weight of the vehicle, driver weight, fuel weight and other miscellaneous loads e.g. luggage. 
[bookmark: _Toc215425669]Table 1 - Table showing calculated test mass of 2012 Ford Fiesta
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2.3 Coefficient of Drag

The coefficient of drag is needed to calculate aerodynamic drag force of the vehicle, in this case, from the car specs A-Z that value for this vehicle is 0.328 or 0.33 (2dp).
[bookmark: _Toc215424670]2.4 Coefficient of rolling resistance
Using the values from Eco modder (2018), it can be seen that the Rolling Resistance coefficient is 0.01117. This value has been obtained assuming the car was fitted with Bridgestone Turanza 6 205/55R16 tyres.
[bookmark: _Toc215424671]2.5 Assumptions
The student’s vehicle has no modifications or aftermarket changes, and therefore the baseline values are assumed to match the manufacturer’s specifications. Direct access to Ford’s original data for the car was sparse and therefore when researching this vehicle the student  has used a variety of sources for each value (test mass, frontal area etc.) and has done their due diligence by cross checking these across multiple automotive databases and technical publications to ensure consistency and accuracy (Figure 1).
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[bookmark: _Toc215424672]Worldwide Harmonised Light Vehicle Test Procedure
The Worldwide Harmonised Light Vehicle Test Procedure (WLTP) “is an international standard for testing and reporting a car's fuel consumption, CO2 emissions, and pollutant levels” (WLTP facts, 2017). The WLTP divides vehicles into 3 classes based on their power to mass ratio (PMR). Class 1 applies to low-powered vehicles with a PMR< 22 watts per kilogram (W/Kg), class 2 applied to vehicles between 22-34 W/Kg and Class 3 includes vehicles with a PMR > 34 watts per kilogram. Based on its kerb mass and related power, the 2012 Ford Fiesta 1L eco boost sits within class 3, which also represents most modern European passenger cars.  

[bookmark: _Toc215425675]Figure 1 - Graph Showing WLTP Velocity (Km/h) over 1800 second duration.
It is evident in Figure 1 that the implementation of a KERS system would be feasible, this is demonstrated by the repeated phases of deceleration through the WLTP cycle where the vehicles speed drops rapidly. These intervals represent moments in which kinetic energy ordinarily is dissipated as heat through the friction brakes. However, with the appropriate system in place this energy can instead be captured and stored.
[bookmark: _Toc215424673]Analysis of Results
[bookmark: _Toc215424674]4.1 Cumulative Tractive Energy over the WLTP Cycle

[bookmark: _Toc215425676]Figure 2 -Graph of Cumulative Tractive Energy over WLTP Cycle
Figure 2 shows the cumulative tractive energy for the Fiesta to follow the WLTP class 3 velocity profile. The curve increases continuously throughout the cycle, with steeper gradients during the periods of rapid acceleration and shallower gradients during steady speed cruising. This reflects the higher force and power demand associated with overcoming inertial acceleration, rolling resistance and aerodynamic drag during speed cycles. 
The peak braking power recorded in the dataset is 10.17 kW, representing the highest instantaneous power available for recovery by a KERS system during the WLTP cycle. The total cumulative braking energy reaches 2.133 MJ, which is equivalent to approximately 593 Wh. This value represents the total theoretical quantity of kinetic energy dissipated as heat through braking over the entire cycle, and therefore the maximum amount that a regenerative system could recover under ideal conditions.
[bookmark: _Toc215424675]4.2 Braking Power Profile and Braking Energy

[bookmark: _Toc215425677]Figure 3 - Braking Power throughout the WLTP cycle
A key parameter in the design of a KERS system is the maximum single breaking energy event, which represents the greatest amount of energy that must be absorbed during one deceleration without exceeding the storage systems voltage or capacity limits. From the cumulative breaking-energy curve, this peak event is measured as 2133.01 KJ, and it determines the minimum energy storage requirement for the selected system.
In addition to the peak braking power, defining the power handling capability required from the motor generator, energy conversion and associated electrical or mechanical interfaces. A viable KERS must be able to accept this instantaneous power input safely and consistently, typically within a 10-20% safety margin to account for variability in real-world braking intensity. 
[bookmark: _Toc215424676]2.3 Identification of Relevant Events
When thinking about regenerative braking systems, not all braking moments are equally important and a KERS system must be designed around the worst-case events and be good enough for the peak events within the cycle. These moments determine the motor specification, power electronics and the storage device. 

[bookmark: _Toc215424677]KERS System Selection Process
[bookmark: _Toc215424678]5.1 Requirements
To select a KERS system for the 2012 Ford Fiesta 1.0 Eco boost we must first consider the energy storage requirements and maximum power input these can be seen below in Table 2.
[bookmark: _Toc215425670]Table 2 - Table of selected KERS system Requirements
	Parameter
	Value

	Electrical
	· Nominal Voltage (V)
· Energy Capacity (Watt-hours)
· Max Charge Power (kW)
· Max Discharge Power (kW)
· Internal Resistance (mΩ)

	Performance
	· Maximum charging speed
· Round trip efficiency (%)

	Physical
	· Mass (Kg)
· Volume (L)
· Packaging location

	Safety 
	· Thermal limits
· Cooling requirement
· Battery Management System (BMS) requirements 



[bookmark: _Toc215424679]5.2 System Selection
A systematic evaluation of three potential KERS systems; flywheel, battery-based KERS and supercapacitor to determine which technology best satisfies the operational demands of the WLTP cycle for the 2012 Ford Fiesta. 
[bookmark: _Toc215424680]5.2.1 Flywheel
The first system considered was a Flywheel based KERS system, which stores braking energy mechanically in a highspeed rotating composite rotor (Wiki, 2025). Energy is fed in/out using a Continuously Variable Transmission (CVT) or motor generator unit (MGU).
The advantages of using a flywheel KERS storage system are that it has a very high-power density meaning it can absorb/release energy very quickly, it has a good thermal stability which comes with a long-life cycle allowing it to do a lot of cycles with little degradation. This method of energy recovery is preferred for racing cars due to their fast response and durability yet for a small car such as a Ford Fiesta it has its drawbacks. The system is bulky and would be hard to fit in a car the size of a Fiesta as well as the fact they tend to be expensive to manufacture and, in the students' research, they aren’t ideal for long storage duration (Science Direct, 2021). When compared with the WLTP braking profile of the student’s vehicle, which peaks at approximately 10.17 kW, a flywheel KERS is considered impractical. The system’s physical size, safety considerations and mismatch between system capability and vehicle requirements make it unsuitable for integration into the Ford Fiesta capability (approx. 10kW). 
[bookmark: _Toc215424681]5.2.2 Battery-based KERS
This system uses a lithium-ion battery to store regenerative braking energy operating in a similar way to the same principle used in hybrid EVs. The advantage of this system is the high energy density it has as well as the fact it can store energy over the entire WLTP cycle. The technology is cheap and well understood with manufacturing pros such as simple packaging options like flat packing under the flooring. 
However, this also has several drawbacks such as low power density as it struggles with rapid charging spikes that can be seen in harsh braking circumstances. Another is that the system requires cooling as significant heat is generated during regeneration. Unfortunately, unlike the flywheel solution, a lithium battery undergoes gradual degradation over repeated charge-discharge cycles, contributing to long term performance difficulties. These issues make a battery-based KERS less suitable for applications that involve frequent braking events as seen in the WLTP cycle.
[bookmark: _Toc215424682]5.2.3 Supercapacitor-based KERS
The final system evaluated was a supercapacitor-based KERS system, this system stores energy electrostatically this means it stores energy “by separating positive and negative charges across two electrodes, rather than through chemical reactions like a battery” (U.S. Department of Energy, Office of Energy Efficiency & Renewable Energy (EERE), 2023). Supercapacitors store energy using high-surface-area electrodes and a very thin separator, allowing them to absorb and release electrical charge almost instantly. This makes them ideal for short, high-power energy bursts such as those seen during braking events. In a KERS setup, the energy is transferred through the MGU and managed by a DC–DC converter (electromechanical device that converts a source of DC from one voltage level to another (Wiki, 2025)), which smooths out the naturally fluctuating voltage of the supercapacitor. This type of technology is already used in automotive systems like Mazda’s i-ELOOP and in several hybrid racing applications, where fast energy capture and frequent cycling are essential. 
A key advantage of supercapacitors is their high-power density, which allows them to absorb sharp braking spikes with minimal thermal stress. In the student’s WLTP analysis, the peak braking power reached approximately 10.17 kW. This value is well within the operating range of commercially available supercapacitor modules. Supercapacitors also offer a very long cycle life, often reaching hundreds of thousands of cycles. Additionally, they maintain a high round-trip efficiency of around 95-98% with very little performance loss over time. Their simple thermal management needs and compact, lightweight packaging make them far easier to integrate into a small vehicle such as the Ford Fiesta than either a flywheel system or a large lithium-ion pack. 










[bookmark: _Toc215424683]5.2.4 Summary Table
[bookmark: _Toc215425671]Table 3 - Summary Table of Systems
	KERS System
	Power Density
	Energy Density
	Cycle Life
	Packaging and Weight
	Feasibility

	Flywheel 
	High
	Low
	Long
	Poor (bulky cylindrical housing)
	Packaging and cost are unsuitable

	Battery-Based
	Low-Medium
	High
	Medium
	Moderately sized 
	Can’t handle repeated WLTP breaking events

	Supercapacitor
	High
	Low
	Long
	Good (compact and lightweight)
	Most suitable fits all parameters



[bookmark: _Toc215425672]Table 4 - Efficiency Table for KERS System
	KERS System
	Approx. Efficiency
	Energy Recovered (MJ)
	Energy Lost (MJ)

	Flywheel
	65%
	1.39
	0.75

	Battery-based
	30%
	0.64
	1.49

	Supercapacitor 
	65%
	1.28
	0.85



[bookmark: _Toc215424684]Kinetic Energy Return to the Wheels

[bookmark: _Toc215425678]Figure 4 - Cumulative Tractive Energy Against Time
The WLTP Class 3 drive cycle contains repeated short braking periods where kinetic energy is normally dissipated as heat through the friction brakes. From the vehicle analysis, the total braking energy across the full cycle is 2.133 MJ, of which approximately 1.28 MJ is theoretically recoverable based on the braking power profile and the limits of the motor generator unit. After selecting the supercapacitor-based KERS system, the overall efficiency of the energy recovery pathway was calculated by combining the efficiencies of each subsystem. 
The WLTP Class 3 drive cycle contains repeated short braking periods where kinetic energy is normally dissipated as heat through friction brakes. From the vehicle analysis, the total braking energy across the full cycle is 2.133 MJ, of which approximately 1.28 MJ is theoretically recoverable based on the braking power profile and the limits of the MGU.
Using the student’s component efficiencies (energy capture 83%, supercapacitor storage 98%, MGU 90%, generator and controller stages 96–98%), the total system efficiency is 0.649, meaning around 65 % of the recoverable braking energy is returned to the wheels. This results in a usable return-to-wheel energy value of: 
𝑬return = 1.28 MJ × 0.649 = 0.83 MJ 
This is the net kinetic energy available to support acceleration phases during the WLTP cycle. In practice, this reduces the load on the internal combustion engine, lowers fuel consumption and decreases CO₂ emissions across the cycle. 
With a supercapacitor KERS fitted, the driver would experience several differences compared with a standard Fiesta that relies entirely on friction braking. During light to moderate deceleration, the MGU provides much of the braking force, giving the brake pedal a slightly firmer and more progressive feel while reducing the reliance on the hydraulic system. The friction brakes mainly engage at low speeds or during heavy braking. Immediately after a braking event, the driver may notice improved responsiveness, as the stored energy is released back through the MGU to assist the engine. This is particularly noticeable in low-speed, stop–start conditions, where supercapacitors perform best due to their ability to absorb and release short, high-power bursts. However, because supercapacitors have low energy density, the recovered energy cannot be stored for long periods, so the benefits are tied to local braking–acceleration sequences rather than extended motorway driving.
Despite these changes, the overall driving behaviour remains familiar, as blending between regenerative and hydraulic braking is designed to be smooth and unobtrusive. Returning approximately 0.83 MJ of kinetic energy to the wheels reduces the energy normally lost as heat and supports transient acceleration demands. This demonstrates that a supercapacitor-based KERS can operate effectively alongside a conventional ICE powertrain and deliver practical improvements in efficiency and driveability within the constraints of a small passenger car.


[bookmark: _Toc215424686]Conclusion
To conclude this study, the feasibility of adding a KERS system to a 2012 Ford Fiesta was evaluated by analysing the WLTP Class 3 drive cycle and identifying braking events suitable for regeneration. This analysis was then used to compare three potential systems: flywheel, battery and supercapacitor. The key findings show that the WLTP cycle contains several short deceleration periods that are ideal for energy recovery. The peak braking power reached 10.17 kW, with a total braking energy of 2.133 MJ. When efficiency values are applied, approximately 1.28 MJ of this energy is recoverable.
The student opted to select the supercapacitor KERS system due to its long-life cycle and compact packaging, which make it well suited for this application as well as providing reliable performance with minimal degradation. 
[bookmark: _Toc215424687]References‌
Wikipedia. (2020). Flywheel energy storage. [online] Available at: https://en.wikipedia.org/wiki/Flywheel_energy_storage.
Koohi-Fayegh, S. (2020). Flywheel Energy Storage - an overview | ScienceDirect Topics. [online] www.sciencedirect.com. Available at: https://www.sciencedirect.com/topics/engineering/flywheel-energy-storage.
Ecomodder.com. (2018). Vehicle Coefficient of Drag List - Eco Modder Forum Wiki. [online] Available at: https://ecomodder.com/wiki/Vehicle_Coefficient_of_Drag_List.
Carfolio.com. (2020). 2012 Ford Fiesta 1.0 EcoBoost: detailed specifications, performance and economy data. [online] Available at: https://www.carfolio.com/ford-fiesta-1.0-ecoboost-303094 [Accessed 30 Nov. 2025].
Kühlwein, J., Berlin, B., Brussels, San and Washington, F. (2016). DRIVING RESISTANCES OF LIGHT- DUTY VEHICLES IN EUROPE: PRESENT SITUATION, TRENDS, AND SCENARIOS FOR 2025. [online] Available at: https://theicct.org/sites/default/files/publications/ICCT_LDV-Driving-Resistances-EU_121516.pdf.
Ford Fiesta (no date) Autozine. Available at: https://www.autozine.co.uk/ford/fiesta/10-ecoboost-titanium (Accessed: 30 November 2025). 
2012 Ford Fiesta 1.0 EcoBoost: Detailed specifications, performance and Economy Data (no date) ﻿2012 Ford Fiesta 1.0 EcoBoost. Available at: https://www.carfolio.com/ford-fiesta-1.0-ecoboost-303094 (Accessed: 30 November 2025). 
(No date) Sun Motors. Available at: https://www.sunmotors.co.uk/vehicle-reviews/ford/fiesta/2008-2017/specs?variant=1.0%2BEcoBoost%2BZetec%2BBlack%2B5d (Accessed: 30 November 2025). 


Vehicle Speed Over Time

Vehicle Speed	0	0	0	0	0	0	0	0	0	0	0	0	0.2	1.7	5.4	9.9	13.1	16.899999999999999	21.7	26	27.5	28.1	28.3	28.8	29.1	30.8	31.9	34.1	36.6	39.1	41.3	42.5	43.3	43.9	44.4	44.5	44.2	42.7	39.9	37	34.6	32.299999999999997	29	25.1	22.2	20.9	20.399999999999999	19.5	18.399999999999999	17.8	17.8	17.399999999999999	15.7	13.1	12.1	12	12	12	12.3	12.6	14.7	15.3	15.9	16.2	17.100000000000001	17.8	18.100000000000001	18.399999999999999	20.3	23.2	26.5	29.8	32.6	34.4	35.5	36.4	37.4	38.5	39.299999999999997	39.5	39	38.5	37.299999999999997	37	36.700000000000003	35.9	35.299999999999997	34.6	34.200000000000003	31.9	27.3	22	17	14.2	12	9.1	5.8	3.6	2.2000000000000002	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.2	1.9	6.1	11.7	16.399999999999999	18.899999999999999	19.899999999999999	20.8	22.8	25.4	27.7	29.2	29.8	29.4	27.2	22.6	17.3	13.3	12	12.6	14.1	17.2	20.100000000000001	23.4	25.5	27.6	29.5	31.1	32.1	33.200000000000003	35.200000000000003	37.200000000000003	38	37.4	35.1	31	27.1	25.3	25.1	25.9	27.8	29.2	29.6	29.5	29.2	28.3	26.1	23.6	21	18.899999999999999	17.100000000000001	15.7	14.5	13.7	12.9	12.5	12.2	12	12	12	12	12.5	13	14	15	16.5	19	21.2	23.8	26.9	29.6	32	35.200000000000003	37.5	39.200000000000003	40.5	41.6	43.1	45	47.1	49	50.6	51.8	52.7	53.1	53.5	53.8	54.2	54.8	55.3	55.8	56.2	56.5	56.5	56.2	54.9	52.9	51	49.8	49.2	48.4	46.9	44.3	41.5	39.5	37	34.6	32.299999999999997	29	25.1	22.2	20.9	20.399999999999999	19.5	18.399999999999999	17.8	17.8	17.399999999999999	15.7	14.5	15.4	17.899999999999999	20.6	23.2	25.7	28.7	32.5	36.1	39	40.799999999999997	42.9	44.4	45.9	46	45.6	45.3	43.7	40.799999999999997	38	34.4	30.9	25.5	21.4	20.2	22.9	26.6	30.2	34.1	37.4	40.700000000000003	44	47.3	49.2	49.8	49.2	48.1	47.3	46.8	46.7	46.8	47.1	47.3	47.3	47.1	46.6	45.8	44.8	43.3	41.8	40.799999999999997	40.299999999999997	40.1	39.700000000000003	39.200000000000003	38.5	37.4	36	34.4	33	31.7	30	28	26.1	25.6	24.9	24.9	24.3	23.9	23.9	23.6	23.3	20.5	17.5	16.899999999999999	16.7	15.9	15.6	15	14.5	14.3	14.5	15.4	17.8	21.1	24.1	25	25.3	25.5	26.4	26.6	27.1	27.7	28.1	28.2	28.1	28	27.9	27.9	28.1	28.2	28	26.9	25	23.2	21.9	21.1	20.7	20.7	20.8	21.2	22.1	23.5	24.3	24.5	23.8	21.3	17.7	14.4	11.9	10.199999999999999	8.9	8	7.2	6.1	4.9000000000000004	3.7	2.2999999999999998	0.9	0	0	0	0	0	0	0.5	2.1	4.8	8.3000000000000007	12.3	16.600000000000001	20.9	24.2	25.6	25.6	24.9	23.3	21.6	20.2	18.7	17	15.3	14.2	13.9	14	14.2	14.5	14.9	15.9	17.399999999999999	18.7	19.100000000000001	18.8	17.600000000000001	16.600000000000001	16.2	16.399999999999999	17.2	19.100000000000001	22.6	27.4	31.6	33.4	33.5	32.799999999999997	31.9	31.3	31.1	30.6	29.2	26.7	23	18.2	12.9	7.7	3.8	1.3	0.2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.5	2.5	6.6	11.8	16.8	20.5	21.9	21.9	21.3	20.3	19.2	17.8	15.5	11.9	7.6	4	2	1	0	0	0	0.2	1.2	3.2	5.2	8.1999999999999993	13	18.8	23.1	24.5	24.5	24.3	23.6	22.3	20.100000000000001	18.5	17.2	16.3	15.4	14.7	14.3	13.7	13.3	13.1	13.1	13.3	13.8	14.5	16.5	17	17	17	15.4	10.1	4.8	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1	2.1	4.8	9.1	14.2	19.8	25.5	30.5	34.799999999999997	38.799999999999997	42.9	46.4	48.3	48.7	48.5	48.4	48.2	47.8	47	45.9	44.9	44.4	44.3	44.5	45.1	45.7	46	46	46	46.1	46.7	47.7	48.9	50.3	51.6	52.6	53	53	52.9	52.7	52.6	53.1	54.3	55.2	55.5	55.9	56.3	56.7	56.9	56.8	56	54.2	52.1	50.1	47.2	43.2	39.200000000000003	36.5	34.299999999999997	31	26	20.7	15.4	13.1	12	12.5	14	19	23.2	28	32	34	36	38	40	40.299999999999997	40.5	39	35.700000000000003	31.8	27.1	22.8	21.1	18.899999999999999	18.899999999999999	21.3	23.9	25.9	28.4	30.3	30.9	31.1	31.8	32.700000000000003	33.200000000000003	32.4	28.3	25.8	23.1	21.8	21.2	21	21	20.9	19.899999999999999	17.899999999999999	15.1	12.8	12	13.2	17.100000000000001	21.1	21.8	21.2	18.5	13.9	12	12	13	16	18.5	20.6	22.5	24	26.6	29.9	34.799999999999997	37.799999999999997	40.200000000000003	41.6	41.9	42	42.2	42.4	42.7	43.1	43.7	44	44.1	45.3	46.4	47.2	47.3	47.4	47.4	47.5	47.9	48.6	49.4	49.8	49.8	49.7	49.3	48.5	47.6	46.3	43.7	39.299999999999997	34.1	29	23.7	18.399999999999999	14.3	12	12.8	16	19.100000000000001	22.4	25.6	30.1	35.299999999999997	39.9	44.5	47.5	50.9	54.1	56.3	58.1	59.8	61.1	62.1	62.8	63.3	63.6	64	64.7	65.2	65.3	65.3	65.400000000000006	65.7	66	65.599999999999994	63.5	59.7	54.6	49.3	44.9	42.3	41.4	41.3	42.1	44.7	48.4	51.4	52.7	53	52.5	51.3	49.7	47.4	43.7	39.700000000000003	35.5	31.1	26.3	21.9	18	17	18	21.4	24.8	27.9	30.8	33	35.1	37.1	38.9	41.4	44	46.3	47.7	48.2	48.7	49.3	49.8	50.2	50.9	51.8	52.5	53.3	54.5	55.7	56.5	56.8	57	57.2	57.7	58.7	60.1	61.1	61.7	62.3	62.9	63.3	63.4	63.5	64.5	65.8	66.8	67.400000000000006	68.8	71.099999999999994	72.3	72.8	73.400000000000006	74.599999999999994	76	76.599999999999994	76.5	76.2	75.8	75.400000000000006	74.8	73.900000000000006	72.7	71.3	70.400000000000006	70	70	69	68	68	68	68.099999999999994	68.400000000000006	68.599999999999994	68.7	68.5	68.099999999999994	67.3	66.2	64.8	63.6	62.6	62.1	61.9	61.9	61.8	61.5	60.9	59.7	54.6	49.3	44.9	42.3	41.4	41.3	42.1	44.7	48.4	51.4	52.7	54	57	58.1	59.2	59	59.1	59.5	60.5	62.3	63.9	65.099999999999994	64.099999999999994	62.7	62	61.3	60.9	60.5	60.2	59.8	59.4	58.6	57.5	56.6	56	55.5	55	54.4	54.1	54	53.9	53.9	54	54.2	55	55.8	56.2	56.1	55.1	52.7	48.4	43.1	37.799999999999997	32.5	27.2	25.1	26	29.3	34.6	40.4	45.3	49	51.1	52.1	52.2	52.1	51.7	50.9	49.2	45.9	40.6	35.299999999999997	30	24.7	19.3	16	13.2	10.7	8.8000000000000007	7.2	5.5	3.2	1.1000000000000001	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.8	3.6	8.6	14.6	20	24.4	28.2	31.7	35	37.6	39.700000000000003	41.5	43.6	46	48.4	50.5	51.9	52.6	52.8	52.9	53.1	53.3	53.1	52.3	50.7	48.8	46.5	43.8	40.299999999999997	36	30.7	25.4	21	16.7	13.4	12	12.1	12.8	15.6	19.899999999999999	23.4	24.6	25.2	26.4	28.8	31.8	35.299999999999997	39.5	44.5	49.3	53.3	56.4	58.9	61.2	62.6	63	62.5	60.9	59.3	58.6	58.6	58.7	58.8	58.8	58.8	59.1	60.1	61.7	63	63.7	63.9	63.5	62.3	60.3	58.9	58.4	58.8	60.2	62.3	63.9	64.5	64.400000000000006	63.5	62	61.2	61.3	62.6	65.3	68	69.400000000000006	69.7	69.3	68.099999999999994	66.900000000000006	66.2	65.7	64.900000000000006	63.2	60.3	55.8	50.5	45.2	40.1	36.200000000000003	32.9	29.8	26.6	23	19.399999999999999	16.3	14.6	14.2	14.3	14.6	15.1	16.399999999999999	19.100000000000001	22.5	24.4	24.8	22.7	17.399999999999999	13.8	12	12	12	13.9	18.8	25.1	29.8	33.799999999999997	38.200000000000003	43.4	48.9	53.8	57.8	61.5	65	68.400000000000006	71.599999999999994	73	74.3	76.2	77.900000000000006	79.5	81	82.3	83.5	84.6	85.5	86.3	87.1	88.1	89.1	90.1	91	91.7	92.3	92.8	93.1	93.1	93.1	93.1	93.1	93.1	93.1	93.1	93.1	93.1	93.2	93.2	93.3	93.7	94.2	95	95.8	96.4	96.8	97	97.1	97.2	97.3	97.4	97.4	97.4	97.4	97.3	97.3	97.3	97.3	97.2	97.1	97	96.9	96.7	96.4	96.1	95.7	95.5	95.3	95.2	95	94.9	94.7	94.5	94.4	94.4	94.3	94.3	94.1	93.9	93.4	92.8	92	91.3	90.6	90	89.3	88.7	88.1	87.4	86.7	86	85.3	84.7	84.1	83.5	82.9	82.3	81.7	81.099999999999994	80.5	79.900000000000006	79.400000000000006	79	78.7	78.7	78.8	79.099999999999994	79.400000000000006	79.599999999999994	79.8	79.8	79.599999999999994	79.3	78.900000000000006	78.5	78.2	77.900000000000006	77.7	77.7	77.8	77.900000000000006	78.099999999999994	78.3	78.3	78.400000000000006	78.400000000000006	78.400000000000006	78.2	78	77.7	77.3	76.900000000000006	76.599999999999994	76.2	75.7	75.2	74.7	74.400000000000006	74.3	74.400000000000006	74.599999999999994	74.900000000000006	75.099999999999994	75.3	75.5	75.8	75.900000000000006	76	76	76	75.900000000000006	75.900000000000006	75.8	75.7	75.5	75.2	75	74.7	74.099999999999994	73.7	73.3	73.5	74	74.900000000000006	76.099999999999994	77.7	79.2	80.3	80.8	81	81	81	81	81	80.900000000000006	80.599999999999994	80.3	80	79.900000000000006	79.8	79.8	79.8	79.900000000000006	80	80.400000000000006	80.8	81.2	81.5	81.599999999999994	81.599999999999994	81.400000000000006	80.7	79.599999999999994	78.2	76.8	75.3	73.8	72.099999999999994	70.2	68.2	66.099999999999994	63.8	61.6	60.2	59.8	60.4	61.8	62.6	62.7	61.9	60	58.4	57.8	57.8	57.8	57.3	56.2	54.3	50.8	45.5	40.200000000000003	34.9	29.6	27.3	29.3	32.9	35.6	36.700000000000003	37.6	39.4	42.5	46.5	50.2	52.8	54.3	54.9	54.9	54.7	54.1	53.2	52.1	50.7	49.1	47.4	45.2	41.8	36.5	31.2	27.6	26.9	27.3	27.5	27.4	27.1	26.7	26.8	28.2	31.1	34.799999999999997	38.4	40.9	41.7	40.9	38.299999999999997	35.299999999999997	34.299999999999997	34.6	36.299999999999997	39.5	41.8	42.5	41.9	40.1	36.6	31.3	26	20.6	19.100000000000001	19.7	21.1	22	22.1	21.4	19.600000000000001	18.3	18	18.3	18.5	17.899999999999999	15	9.9	4.5999999999999996	1.2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.2000000000000002	4.4000000000000004	6.3	7.9	9.1999999999999993	10.4	11.5	12.9	14.7	17	19.8	23.1	26.7	30.5	34.1	37.5	40.6	43.3	45.7	47.7	49.3	50.5	51.3	52.1	52.7	53.4	54	54.5	55	55.6	56.3	57.2	58.5	60.2	62.3	64.7	67.099999999999994	69.2	70.7	71.900000000000006	72.7	73.400000000000006	73.8	74.099999999999994	74	73.599999999999994	72.5	70.8	68.599999999999994	66.2	64	62.2	60.9	60.2	60	60.4	61.4	63.2	65.599999999999994	68.400000000000006	71.599999999999994	74.900000000000006	78.400000000000006	81.8	84.9	87.4	89	90	90.6	91	91.5	92	92.7	93.4	94.2	94.9	95.7	96.6	97.7	98.9	100.4	102	103.6	105.2	106.8	108.5	110.2	111.9	113.7	115.3	116.8	118.2	119.5	120.7	121.8	122.6	123.2	123.6	123.7	123.6	123.3	123	122.5	122.1	121.5	120.8	120	119.1	118.1	117.1	116.2	115.5	114.9	114.5	114.1	113.9	113.7	113.3	112.9	112.2	111.4	110.5	109.5	108.5	107.7	107.1	106.6	106.4	106.2	106.2	106.2	106.4	106.5	106.8	107.2	107.8	108.5	109.4	110.5	111.7	113	114.1	115.1	115.9	116.5	116.7	116.6	116.2	115.2	113.8	112	110.1	108.3	107	106.1	105.8	105.7	105.7	105.6	105.3	104.9	104.4	104	103.8	103.9	104.4	105.1	106.1	107.2	108.5	109.9	111.3	112.7	113.9	115	116	116.8	117.6	118.4	119.2	120	120.8	121.6	122.3	123.1	123.8	124.4	125	125.4	125.8	126.1	126.4	126.6	126.7	126.8	126.9	126.9	126.9	126.8	126.6	126.3	126	125.7	125.6	125.6	125.8	126.2	126.6	127	127.4	127.6	127.8	127.9	128	128.1	128.19999999999999	128.30000000000001	128.4	128.5	128.6	128.6	128.5	128.30000000000001	128.1	127.9	127.6	127.4	127.2	127	126.9	126.8	126.7	126.8	126.9	127.1	127.4	127.7	128.1	128.5	129	129.5	130.1	130.6	131	131.19999999999999	131.30000000000001	131.19999999999999	130.69999999999999	129.80000000000001	128.4	126.5	124.1	121.6	119	116.5	114.1	111.8	109.5	107.1	104.8	102.5	100.4	98.6	97.2	95.9	94.8	93.8	92.8	91.8	91	90.2	89.6	89.1	88.6	88.1	87.6	87.1	86.6	86.1	85.5	85	84.4	83.8	83.2	82.6	82	81.3	80.400000000000006	79.099999999999994	77.400000000000006	75.099999999999994	72.3	69.099999999999994	65.900000000000006	62.7	59.7	57	54.6	52.2	49.7	46.8	43.5	39.9	36.4	33.200000000000003	30.5	28.3	26.3	24.4	22.5	20.5	18.2	15.5	12.3	8.6999999999999993	5.2	0	0	0	0	0	0	Elapsed Time (seconds)


Vehicle Speed (km/h)
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Cumulative Braking Energy Over Time 
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Cumulative Braking (W) 



Cumulative tractive energy against time
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