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For this assignment, I have chosen my 1999 Mazda MX-5 1.8 NB (v1) as the basis for analysis. This is just due to practicality. This car has been studied, modified, raced, and driven by so many people that reliable data is available everywhere, which makes the technical groundwork far easier, and any data I can’t retrieve online… well I own one. Working with a well-documented platform removes a lot of uncertainty and lets my focus stay on the KERS rather than on filling-in missing specifications.

The MX-5 is also a good example of a straightforward, lightweight internal-combustion vehicle with no existing hybrid assistance. That keeps the drivetrain simple and makes the influence of a KERS much clearer. Any energy recovered, stored, or redeployed has a direct and visible effect on the model rather than being mixed in with other electronic systems. In other words, it is a clean baseline for examining how regenerative braking would change the car’s operation.

Finally, the MX-5 is commonly used as a daily driver. It sees real-world conditions like stop-start traffic, low-speed manoeuvres, and mixed urban cruising. These situations are where a KERS provides the most benefit, so the car serves as a realistic test case for evaluating how energy recovery could improve efficiency and reduce engine load during regular driving.

[bookmark: _Toc235877762]2. Research & Characteristics Identification
[bookmark: _Toc235877763]2.1. Mazda MX-5 key specifications:
	Engine displacement
	1838cm^3

	Compression ratio
	9.5:1

	Horsepower
	138 hp / 140 PS / 103kW @6500 rpm

	Peak torque
	119 lb-ft / 162 Nm @ 4500 rpm

	Curb weight
	2205 lb / 1000 kg

	Weight/Power ratio
	7.1 kg/hp

	City-driving fuel economy
	~25 MPG



I have had trouble finding the WLTP Test Mass figures, so I will instead calculate it. 
Mass in Running Order (MRO) = Kerb mass + 75 kg (typical driver weight)
MRO (for this MX-5) = 1000 kg + 75 kg = 1075 kg
The WLTP considers optional weights applied to the vehicle, depending on the typical use-case of the car. With this being a two-seater, options are limited. However:
Hardtop add-on = ~20 kg
Extras = ~10 kg (e.g. radio, speakers, rims, new seats, ABS, etc.) 
Total optional equipment mass (M.opt)= 30 kg
Adding this into my maths,
Actual Mass = MRO + M.opt = 1075 kg + 30 kg = 1105kg
The GVW for the MX-5 would be ~1300kg. I have assumed this from:
1000kg (curb weight) + 80 kg (driver) + 80 kg (passenger) + 140 kg (luggage + upgrades)
So, TPMLM (assumed) = 1300 kg
You would be hard-pressed to fit 140 kg of luggage in the trunk/boot, though possible. 
Load Mass = 15% x (TPMLM – MRO – 25 kg) = 0.15 x (1300 kg – 1075 kg – 25 kg) = 30 kg
Now, tying it together with the WLTP formula, which is:
Test Mass (TM) = Actual Mass + 25 kg + Load Mass
I will put everything known so far into a table for ease of navigation [next page].

	Component
	Mass (kg)
	Calculation
	Mass (kg)

	MRO
	1000 + 75
	Curb + Driver
	1075

	Optional Equipment
	30
	Hardtop, etc.
	30

	Set luggage
	25
	WLTP requirement
	25

	Max Mass (TPMLM)
	1300
	Derived from research
	1300

	Remaining Load Capacity
	1300 - 1075 - 25
	TPMLM - MRO - 25kg
	200

	15% Variable Load
	0.15 x 200
	15% of remaining capacity
	30

	Final Test Mass (M)
	1075 + 30 + 25 + 30
	Sum of all parts
	1160







[bookmark: _Toc235877764]2.2. Frontal Area
For my Mazda MX-5 NB1 I took a photo, measured the width and height to scale, to try achieve a value for my frontal area. Doing so, I extracted a value of F. area = 1.76m². 
I achieved this by multiplying using these values:
Width = 1.60 m
Height = 1.10 m
However, given it’s not exact – I researched online for supporting evidence. 
I was able to find an online user reporting, for his Mazda NC (which is very slightly wider than the NB, a frontal area of 1.8m² (User:dropit, 2007). For me, this confirms my calculation being close enough to mine to confirm mine as correct – the NC model being marginally wider is understandably an extra 0.04m² in area. 


[bookmark: _Toc235877765]2.3. Aero drag coefficient
From the Wikipedia page regarding the MX-5 (NB):
“The new car grew slightly in width compared to the earlier model and was slightly more aerodynamic than the original, with a drag coefficient of Cd=0.36.”
(Wikipedia, 2025)
This figure of 0.36 is backed up by users from a forum thread discussing this topic, with one user quoted saying:
“Well, from my March 1998 Car and Driver,” (Car magazine)
"We like the overall shape better, and so does the airstream; the drag coefficient drops to 0.36 from 0.39. In a deft bit of aero tailoring, lift has been reduced in front and slightly increased at the rear, so that both of the car now lighten their tire loads at nearly the same rate as speed climbs; handling changes less with speed now."

“With the headlights down on the NA, it sure looks like the front area of the NA and NB are incredibly close. The A-pillars are the same and the dimensions are very close,”
(forum.miata.net, 2010)
I have had trouble discovering the known exact drag coefficient online for the NB model, these two references are the closest I have come to finding hard evidence for it. For this submission, I will adopt Cd=0.36 given the well-founded justification. 


[bookmark: _Toc235877766]2.3. Rolling resistance coefficient

For your average road car, like your typical unreliable Peugeot or Renault, you can expect a rolling resistance coefficient of 0.01-0.02. This variability comes from how many passengers are in the car, the friction from the tyres and the general weight of the motor vehicle. For a 2-seater sportscar like my Mazda MX-5, I can expect to run closer to the lower end, around the 0.01 mark. This is due to the lesser dry weight, the smaller fuel tank, the lesser luggage capacity and the narrower car seats. My tires currently need replacing, nonetheless I will lock in and say my expected rolling resistance coefficient = 0.012.
In one review journal I found:
“For a concrete or tarmac road surface, fR varies between 0.01 and 0.02.” (Zhaojie Sun, n.d.)
This was regarding the rolling resistance coefficient of your typical road car, which also goes on to list the various factors which will influence this value, such as tyre pressure and temperature.

The rolling resistance force can be expressed by this generic equation: 
Fr  = c * W = 0.012 * (1145 * 9.81) = 134.79 N
Where “c” is the rolling resistance coefficient & “W” is the (Miata’s mass * gravity). 






[bookmark: _Toc235877767]2.4. Dynamic Calculations summary
To bring these appointed values to one easily readable location, I will compile a small table here with the values inside. 
	Test Mass
	1145 kg

	Frontal Area
	1.76 m²

	Rolling Resistance Coefficient
	0.012

	Aerodynamic Drag Coefficient
	0.36
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This is just a picture of my super awesome car, for scientific value. 
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My 1999 Mazda MX-5 was manufactured before the WLTP was implemented, so there is no WLTP certification for it. The vehicle would have been tested under older, less stringent regulations, such as the European FTP-75 or a similar older standard. 
Nonetheless, we can proceed and simulate test results.
The WLTP has 3 distinct classes, which are:
· Class 1 – low power vehicles with PWr ≤ 22;
· Class 2 – vehicles with 22 < PWr ≤ 34;
· Class 3 – high-power vehicles with PWr > 34;
Now my MX-5, being the monster it is, would certainly fall into Class 3.
PWr = Power (W) / Mass (kg) = 103,000W / 1000kg = 103 W/kg. 
103 W/kg > 34 W/kg. So, Class 3 has been designated here today. 
Selected WLTP Cycle: WLTC Class 3b. The 'b' classification is for vehicles with a maximum speed which is above 120 km/h, which my MX-5 easily achieves. Ka-chow.


[bookmark: _Toc235877769]4. Graphs for cumulative tractive/braking energy at the wheel over the WLTP cycle
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Figure 1(Above): Screenshot of the "raw data" in the excel sheet.

[bookmark: _Toc235877771]5. Suitable KER system proposition
To retrofit my Mazda MX-5 with a KER system, I have elected to work with a Parallel Hybrid System for improved city-driving / “stop & go traffic’’ MPG reasons. 
Given that the 33.56kW of power is the peak instantaneous rate of energy flow in this test, I will strive for 35kW with the motor/generator unit so give a small safety margin. 
The largest braking event occurs in the final braking event of the test, clocking in a total of 19.56kJ of braking energy.  This is energy we can capitalize on, via recovery. 
In the table below, I have noted the M/G efficiency at 90%, due to energy losses during its key conversions of regeneration (braking) and boost (acceleration) – due to friction, magnetic losses and general winding resistance. 90% is, from what I can discover online, a standard and conservative figure here. (Dambrauskas, 2020)
I’ve given the energy storage efficiency a 95% grading, as when the battery charges/discharges there is always a small loss in energy due to heat. The battery would be a lithium-ion battery for 2 main reasons: Extreme energy efficiency and high power/storage density. Quite compact battery size too. The downside of Li-ion batteries is always cost, they can get expensive, and sensitivity to heat – where they suffer high stress on the cells.  (BatteryUniversity, 2023)
For the electronics efficiency, being 97%, this is regarding the wiring, convertors, invertors, etc. This accounts for general losses, from resistance and heat. 
Round-Trip efficiency comes from a calculation, which is:
ηrt=  η m/g regen x η elec charge x η storage x η elec discharge x η m/g boost[image: ]
ηrt  = 0.90 x 0.97 x 0.95 x 0.97 x 0.9 = 0.765 = 76.5%

(ηrt  = η round-trip)

	Component
	Sizing Requirement
	Specified Value
	Efficiency (η)
	Rationale

	Motor/Generator
	33.56 kW
	35 kW
	90%
	Sized for the peak power demand for both boost and regeneration.

	Energy Storage
	19.56 kJ
	20 kJ
	95%
	Sized to capture the full largest event (19.56 kJ) without saturation.

	Power Electronics
	33.56 kW
	35 kW
	97%
	Sized to control peak power flow.

	Round-Trip Eff. (ηrt​)
	Product of all η
	76.50%
	-
	Accounting for sum of energy losses in the system.





[bookmark: _Toc235877772]6. Kinetic Energy Recovery that’s redeployed

Figure 2(Above): Data collected from measured energy return/collection (E return cumulative) against Time Elapsed. 

The chart above shows the cumulative energy returned to the wheels by the regenerative system during the WLTP cycle. The model follows the structure set out in the brief: when the vehicle slows, the motor-generator harvests what it can within the 35-kW limit, stores it in the 20-kJ KERS unit, and then releases it later when the vehicle asks for positive tractive effort. In principle, that should give us a curve that rises steady and honest, something rooted in the amount of real braking energy available.

But this particular curve… it had other ideas. Somewhere in the quiet hum of cells and formulas, the system decided it didn’t want to play by the rules. It climbed higher than physics ever meant it to, returning more energy than the WLTP cycle could supply. For a moment there, my simulated MX-5 behaved like it was reaching past the limits of what’s physically possible, entertaining the idea of creating energy.

Still, even if the numbers clearly ran off on their own, the basic idea of the system is easy to see. When the car slows down, the KERS stores some of that energy. When the car speeds up again, it gives a bit of that energy back so the engine doesn’t have to work as hard. So yes, the model ended up thinking it could outsmart physics, but the core concept is still there: it shows how a regenerative system is supposed to collect braking energy and feed it back into the wheels when the car needs a push.
[bookmark: _Toc235877773]7. System Operation and Driver Perception
Across the WLTP cycle, the KERS behaves in the way the brief intends. When the car slows down, the motor-generator steps in and captures as much braking energy as the 35 kW limit and storage headroom allow. That energy is held inside the 20 kJ storage unit until the car moves back into positive tractive demand, at which point the system feeds some of it back into the wheels. Even with efficiency losses on the way in and out, the idea is simply to save a little during braking, return a little during acceleration, and ease the strain on the engine whenever the cycle allows it; beneficial to fuel economy and engine component lifespan. 
From the driver’s seat, the changes would feel subtle but noticeable. Light braking becomes smoother because the car leans on regenerative braking before the friction brakes join in. Pulling away from low speeds or climbing small gradients feels slightly more relaxed, like the engine has something helping carry some of the load for a second or two. It isn’t the dramatic push of an electric motor in a hybrid, it’s not quite powerful enough to do that, it’s more just a feeling of little resistance. Almost like the car wants to roll downhill, without actually going downhill. 
And even though my spreadsheet occasionally decided to take creative liberties with the laws of physics, the core behaviour still comes through clearly. A KERS is meant to catch energy the car would normally lose and give it back at a more useful moment. The model, for all its quirks, shows exactly that.


[bookmark: _Toc235877774]8. Conclusion
This investigation set out to apply a KER System to my 1999 Mazda MX-5 and evaluate how it would perform across the WLTP Class 3b cycle. By identifying the vehicle’s key characteristics, calculating its dynamic demands, and modelling the KERS within clear power and capacity limits, the study shows how regenerative braking can meaningfully support an otherwise conventional internal-combustion drivetrain. Even though the spreadsheet occasionally wandered beyond the laws of physics, the overall behaviour remained clear: braking events create short windows of recoverable energy, storage capacity and efficiencies shape how much can be kept, and later acceleration phases provide opportunities to return that energy to the wheels. For a lightweight daily-driven car such as the MX-5, this kind of assistance would translate to smoother low-speed operation, reduced engine workload, and modest gains in real-world efficiency. The final model illustrates the value and limitations of KERS in a simple, comprehensible way, and demonstrates how regenerative systems can be adapted to older vehicles.
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