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[bookmark: _Toc985621251]Vehicle choice
For this project on alternative propulsion systems, I chose the 2000 Honda Insight. It was the first hybrid car sold in North America. Its lightweight body and sleek, aerodynamic shape make it a perfect example to study the advantages of early hybrid technology
[bookmark: _Toc566200601]Required dynamic characteristics
[bookmark: _Toc982700207]Test mass
The mass for the 2000 Honda Insight was taken as 800 kg, which represents the vehicle mass used in the NREL ADVISOR simulation model for testing and performance analysis
reference
k.j.kelly and m.zolot
August20-22, 2001
https://docs.nrel.gov/docs/fy01osti/31085.pdf?
[bookmark: _Toc1057024013]Frontal area
The frontal area of the 2000 Honda Insight is 1.9 m², this is the projected surface area the facing airflow, which directly influences aerodynamic drag and overall efficiency during highway and steady-speed driving.
reference
k.j.kelly and m.zolot
August20-22, 2001
https://docs.nrel.gov/docs/fy01osti/31085.pdf?

[bookmark: _Toc1564186865]Rolling resistance coefficient
[bookmark: _Int_jBSOdrpn]A credible, published rolling resistance coefficient (Crr) specific to the 2000 Honda Insight could not be located in manufacturer documentation or independent test reports, as sources only describe the vehicle as using “low rolling resistance” tyres without providing measured numerical data. Therefore, a representative value of Crr = 0.008–0.010 is used, as this range is widely accepted in automotive engineering literature for low-rolling-resistance passenger car tyres of that era and provides a realistic approximation for modelling purposes.
[bookmark: _Toc1203397298]Coefficient of aerodynamic drag
An advanced sporty styling born of the wind tunnel. Painstaking attention to aerodynamics has resulted in a world-leading drag coefficient of Cd= 0.25 (in-house test data) for a mass-produced vehicle.

reference
https://global.honda/en/newsroom/worldnews/1999/4990906c.html
September 6, 1999, Japan

[bookmark: _Toc1039801259]WLTP for the 2000 Honda insight
[bookmark: _Toc944667680]Determining the power to mass ratio
PMR=engine power in W / vehicle mass in kg
Vehicle mass = 800kg
Vehicle power = 75hp
Vehicle power in W = 75 * 0.746W/hp = 56kW
PMR = 56,000W / 800KG = 70W/kg 
[bookmark: _Toc1769425992]WLTP for the honda insight
The 2000 Honda Insight is equipped with a 1.0 L 3-cylinder engine producing 75 hp (≈56 kW). Using a test vehicle mass of 800 kg, its power-to-mass ratio is approximately 70 W/kg. According to the WLTP classification, vehicles with a power-to-mass ratio between 34 and 90 W/kg fall into Class 2. however, the car reaches a speed of 112mph so i will be using class 3

[bookmark: _Toc1483507580]Spreadsheet
[bookmark: _Toc1791186944]Cumulative braking
[image: ]


[bookmark: _Toc1157804553]Cumulative tractive energy
[image: ]


[bookmark: _Toc1878844324]Key differences
[bookmark: _Toc527420275]Cumulative Tractive Energy
This graph shows cumulative braking over wltp cycle. The x-axis shows the time in seconds, while the y-axis shows the cumulative braking. The graph shows a steady increase in braking as time goes on, with occasional sharp jumps, this indicated periods of more intense braking. The curve appears to level off towards the end, possibly indicating a reduction in braking intensity or a stabilizing factor.
[bookmark: _Toc756601325]Cumulative Braking Energy
This graph shows how the total tractive energy builds up over time. At the start, the energy increases steadily, with some faster jumps in certain places, this shows moments when more energy was used. As time goes on, the rate of energy usage seems to level out, suggesting that after some time, the energy consumption becomes more stable or less intense toward the end.
Comparison
[image: ]

[bookmark: _Toc1145573535]Conclusion
[bookmark: _Int_t63AaL9F]The blue line, which represents braking, and the pink line which shows energy, move up at the same time, showing they are directly connected. However, the pink line shoots up much more than the blue line. A key reason for this could be that the graph isn't just showing the energy from braking. The cumulative energy line likely includes all energy the vehicle uses or produces. So, while braking creates a lot of energy, the vehicle might also be getting extra energy from other sources, like its main battery being charged or a gasoline engine running. This would cause the pink energy line to rise much higher and faster than braking.
[bookmark: _Toc1315985182]Tractive force
[image: ]

[bookmark: _Toc1330599414]Tractive energy
[image: ]

[bookmark: _Toc1595344922]KERS system 
[bookmark: _Toc89976029]Max energy recovered
[image: ]
The system generated10.531 megajoules of energy during braking, which was calculated using the equation involving mass, speed, and rolling resistance. This equation determines how much kinetic energy is being converted into stored energy during braking. The rolling resistance is also factored in, as it represents the friction between the tires and the road, which affects the total energy recovery.
[bookmark: _Toc1107897551]Storage requirements
The energy storage required for the KERS system was calculated to be 6.95MJ. This calculation assumes an 55% efficiency in energy recovery, meaning only 55% of the energy recovered is stored, with the rest being lost due to inefficiencies. I chose 55% efficiency due to the fact that looking into the efficiency of other modern kers systems in road cars this is about average. 
To account for these losses and ensure the system operates safely, a 20% safety margin was added. the calculation was, Storage Required = ( Energy Recovered × 0.55) × 1.2 This ensures the system has enough capacity to store the recovered energy while accounting for efficiency losses and providing a buffer for safe operation during peak energy recovery moments.

Reference
[bookmark: _Toc322122960]Suitable ker system
[bookmark: _Toc1481801362]Factors to consider
[bookmark: _Toc463442327]Energy to be stored
33.41 MJ is a significant amount of energy, so your storage medium must handle high energy density and power output. 
[bookmark: _Toc288962519]Power requirements
Your braking events are high power (MW scale), so the system must absorb energy quickly and release it efficiently. 
[bookmark: _Toc1440327749]Efficiency
Aim for a system with round-trip efficiency as high as possible (~70–80%). 
[bookmark: _Toc817413613]Packaging and weight
Especially important if this is for a road car; too heavy or bulky a system can hurt performance.
[bookmark: _Toc918144293]Type of kers
	Electric kers with batteries
	High energy density; mature technology; easy to manage electronically
		Lower power density; slower to absorb/release energy; efficiency 60–75%


	




	Electric kers with supercapacitors
		Very high power density. 
excellent for rapid charge/discharge. high efficiency (~70–80%)



		Lower energy density → larger system needed for 20 MJ; costly


	




	Flywheel kers
		Very high power density. 
can handle large energy quickly. efficiency 70–80%; no chemical storage



		High rotational speeds → safety/containment issues, complex engineering; heavy 


	





[bookmark: _Toc736010227]Choice in kers
Electric KERS with Batteries is the most suitable option for your goals of increasing engine efficiency and mileage, for the following reasons 


[bookmark: _Toc435360187]Fuel Efficiency Gains
A battery based ker system will store the most energy while still delivering great improvements in fuel economy. It allows the vehicle to recover braking energy and reduce engine load, ultimately increasing mileage. 
[bookmark: _Toc2138660886]Mature and Practical 
Lithium ion batteries are already used in nearly all hybrid vehicles and electric cars, so they’re a well understood technology that can be easily integrated into a road vehicle. 
[bookmark: _Toc690064261]Energy Storage and Weight 
While battery based KERS systems do add weight, this is a trade-off for efficient energy storage and overall improved fuel economy. The hybrid systems offer the best of both worlds, balancing high power recovery with high energy storage. Hybrid System (Battery + Supercapacitors) 
Choice in ker system
For this car, I’d go with a hybrid KERS system that combines batteries and supercapacitors to meet the storage requirement of 33.41 MJ. The battery would store 20.05 MJ (5.57 kWh), which would weigh around 37.13 kg, with an efficiency of 85%. The supercapacitor would handle the remaining 13.36 MJ (3.71 kWh), but due to its lower energy density, it would be much heavier, around 742 kg, and operate at 75% efficiency. The overall hybrid system efficiency would be around 75.6%, meaning that 75.6% of the energy recovered during braking would be stored and available for use later. This combination gives me the best of both worlds — the battery handles most of the energy storage efficiently, while the supercapacitor allows for rapid power recovery during braking. The downside is the supercapacitor's size and weight, but it’s necessary to balance performance and efficiency in a road vehicle.
Referencing
A comprehensive review of stationary energy storage devices for large scale renewable energy sources grid integration - ScienceDirect
May 2022
Abraham Alem Kebede, Theodoros Kalogiannis, joeri van mierlo, maitane berecibar
https://www.sciencedirect.com/science/article/pii/S0196890417303461 
July 15 2017
Khaled Itani, alexandre de bernardinis, zoubir khatir, Ahmad Jammal

Kinetic energy recovered 
[image: ]
This graph, titled "KERS Recovery Over the WLTP Cycle," shows how much energy is captured by the Kinetic Energy Recovery System (KERS) during a standardized vehicle test.  we can see that energy isn't recovered at a steady rate. Instead, the line jumps up at specific moments, especially in the first half of the test up to around the 500 second mark. This tells us that the system captures energy during periods of braking or deceleration. After these active bursts, the line becomes flat, indicating no energy is being recovered while the car is cruising or accelerating. By the end of the test, the system has recovered a total of just under 12 megajoules of energy that would otherwise have been wasted.

How the kers system works
A Kinetic Energy Recovery System in a car works by recycling energy that is normally wasted. When you press the brake pedal in a car with a KERS, the system uses the car's movement to spin an electric generator. This generator converts the kinetic energy straight into electrical energy, which is then stored in a battery. When you want to accelerate again, like getting onto a motorway, the system sends that stored energy back to the electric motor, giving you a power boost without using extra fuel from the engine.
Reference
F1 Essentials: How KERS Works - Racecar Engineering
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