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1. Introduction

This report explores alternative propulsion systems such as electrical and mechanical recovery systems with a main focus on Kinetic energy recovery systems (KERS) and applying it to the vehicle of my choice which is a Mercedes B180CDI 2013. It evaluates the vehicle’s design; performance metrics and car measurements this includes rolling resistance coefficient and aerodynamic drag coefficient. This data will be processed onto a spreadsheet with graphs for visualisation, then it will move on to different types of KERS and the most suitable version for my selected vehicle while also explaining the differences between KERS and ICE/frictional brakes and will be overseen by a concise conclusion.


2. Vehicle selection and measurements
The car I would like to choose is the, Mercedes B-class 180 CDI 2013 the reasons why I have chosen this vehicle specifically is mainly due to it being my actual day to day travel car and it would be insightful to know the rolling resistant and coefficient of drag while also finding out the kinetic energy recovered from wheel road contact. Another reason to choose this vehicle for a first vehicle is it offers a very airy cabin while also having a very large boot space that can fit luggage and bags with ease. The B-class is also good on fuel economy especially longer trips, on average a B-class B180d gets 61.5 mpg especially as a car that is 10+ years old. This car is also reliable and very low maintenance as it says it only needs to be serviced in between 10000-15000 miles which is perfect for a consumer such as myself. Finally, as the car is smaller hatchback with good handling and small engine its energy efficiency is good for the price of the vehicle which is a factor that was taken into consideration when choosing this vehicle.
Test Mass
Kerb weight^3- 1435Kg
GVWR (Payload- 630kg)- 2030kg
Fuel Capacity- 50L – 41.6 kg
Passengers/luggage - 450 kg
Test mass (Kerb + fuel capacity + passengers)- 1435+41.6+450= 1926.6 kg 
Area/ Frontal Area
Length- 4359mm
Width (without side mirrors) - 1786mm 
Height- 1557mm
Ground Clearence- 134mm
Frontal area- 1557-134= 1423mm     1786 x 1423= 2,541,478mm
Mm^2=M^2        2,541,478mm^2= 2.541478 M^2   or   2.54 M^2
[image: ]

Rolling resistance coefficients
Under load for a typical passenger car tire on a normal Road under average wheel conditions and average environmental conditions, the RRC would be around 0.007 to 0.010 so a value of 0.009 will be the best as it's a lower average.
Coefficient of aerodynamics Drag
Drag coefficient (Cw-Wert)- 0.27 


3. WLTP selection and Spreadsheet
For this section I will choose an appropriate Worldwide harmonised light vehicle test procedure (WLTP), the classification that fits my vehicle weight to power ratio of 30-35 kg/kW which fits mostly into class 2 which is 22-34 this class specific test cycle includes street-street driving and highway driving reflecting the average usage of these roads. The other classes for this test are Class 1 and class 3, class 1 has a weight to power ratio of up to 22 kg/kw which is a primarily smaller light weight vehicle, and the test cycle is mainly urban conditions, aimed at low-speed driving with occasional increases of speed. Class 3 weight to power ratio of over 34 kg/kw and mostly includes bigger, less powerful vehicles like trucks and vans, and this test cycle includes high- speed driving and includes more high-way driving. Why does classifications even exist, each of these test classes reflect the typical driving conditions for those specific vehicles weight to power ratio this then also allows cars of the same class to be tested against each other allowing a fair benchmarking.
These are the general WLTP Class 2 graphs
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This graph is the cumulative tractive energy required at the wheel over the WLTP cycle
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This Graph is the cumulative braking energy required at the wheel over the WLTP cycle
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All resistance graph- (full graph on excel)
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From the graphs above one of the largest ‘possible’ KERS power inputs is at around 554 seconds into the WLTP test where the vehicle went from 50 km/h to 0 km/h, and this generates a cumulative energy of 1408 kWh while decelerating. The next largest KERS power input is at the peak at 700 seconds and the vehicle decelerates from 74 km/h to 13 km/h and this generates 4582 kWh. The last largest KERS power input is at 1423 seconds, and this is the largest drop in acceleration as it goes from 70 km/h to 0 km/h and this deceleration generates 4705 kWh.


4. Types of KERS systems and most suitable one

Electrical KERS (Regenerative Braking)- This system recovers energy during braking, converting it into electrical energy using a generator-motor unit (MGU), which then gets converted into the main battery within the car. Why is this KERS system suitable for a Mercedes B180d, small power requirements the B180d is not a high performance/ high powered vehicle, so complicated mechanical systems would take up a lot of space reducing the space either within the car or increases space on the outside which would compromise the whole design. The B180d can easily integrate electrical KERS with its already existing mild-hybrid powertrain even with a diesel engine the newer cars already have regenerative braking for fuel efficiency. Further electrical KERS are very efficient in day-to-day usage scenarios including high traffic areas where you brake often which normally gets lost through heat and sound but now can be recovered improving the fuel consumption improving the vehicles overall efficiency. 
Hybrid KERS- A hybrid system combines electrical energy storage through a battery or super-capacitors with a mechanical or electrical KERS, this would offer the ability to store and release more energy which allows the vehicle to use more power improving fuel economy/efficiency. This KERS system works very well with diesel engines, as diesel vehicles are most efficient at constant speeds with moderate loads a KERS system can aid in the acceleration by seamlessly adding torque at low speeds or during demands from the engine to get the car up to its optimal efficiency point. This would in turn increase the fuel economy by a significant amount and produce lower emissions, especially while accelerating and when cruising.
Mechanical KERS (Flywheel-based)- In this system that recover kinetic energy generated during braking/deceleration and this is stored as rotational energy in a flywheel, and the releases the energy to assist acceleration or other power systems within the vehicle this is done without converting the energy into electrical energy making it highly efficient and robust. This fly wheel is often made from high strength, lightweight materials such as Carbon fibre and steel which need to be able to withstand the high rotational speeds (up to 60,000 RPM or more) the amount of energy it can store depends on the material and size of the fly wheel as bigger and stronger flywheels can store more energy therefore being able to give out more energy.
Size and Efficiency of Electrical KERS (Regenerative Braking)
For the B180d I would implement an electrical KERS system as it would not compromise the cars initial integrity and price; to implement electrical KERS we would need to incorporate a motor-generator Unit (MGU) which typically weighs 15-25 kg depending on available space design specifications. These units hold power up to 15Kw for this vehicle application which is suitable for a 110hp vehicle and the MGU can achieve efficiencies of 90% during energy conversion. To store that energy a lithium-Ion battery would need to be added these weigh 20+ kg with a capacity of 0.5- 1.0 kWh while holding an efficiency of ~90% for charging/discharging cycles. Also, we would need to introduce power electronics and control systems to regulate energy flow and manage the flow between the MGU and the battery these on estimate weigh 5-10kg and offer 95% efficiency for modern inverters and controllers. Finally, a cooling system to control the temperature this can be integrated with existing cooling systems so extra weight is minimal at 2-5kg







5. Explain how KER system works and how it compares to other systems 

[bookmark: _Int_cl9rMPN6]Kinetic energy recovery system (KERS), this system recovers energy that would conventionally would have been lost as heat, vibrations and sound before now with this KERS system we can store that energy when braking and use it later when accelerating. How it works when braking the system converts the vehicles kinetic energy into electrical energy or in some instances rotational energy. 
[image: ]
[bookmark: _Int_7JwaqOx5]Conventional ICE + Friction brakes, converts fuel energy into mechanical work but the energy needed to stop that work is lost during braking this energy is then distributed between the brake pads and brake disc. The dynamics of conventional brakes completely rely on mechanical friction to slow the vehicle down this braking system is very consistent and linear which most driver have become accustomed to. This leads to brake pads and brake disc becoming more worn over time requiring more Maintenance. This is slightly different compared to KERS as KERS needs the MGU to convert the energy into wanted power this in turn reduces the reliance on frictional brakes extending the life of the brake disc and pads. This may also affect the driver's comfort as these brakes need time to transition (also known as blended braking) back to friction braking when enough energy is recovered this is due to regenerative braking being nonlinear.
When energy has been stored it then can be reintroduced to the system but as acceleration to aid the car back up to speed giving an additional boost to create a more efficient ride as a diesel engine struggles in acceleration in stop and start situations due to turbo lag which is the delayed power for acceleration from the standstill that’s one of the reason diesel are more efficient at long distance driving as but with KERS this bridges the gap which can lead to a more steady ride from the start. Whereas an ICE would have different variations when starting as the engine tries to pull off, further when a diesel engine attempts a cold start, they let off more fuel fumes to get the engine to run whereas a KERS can heat the engine with the stored energy faster, rather than all the heat dissipating at the brakes.
Frictional brakes also wear faster than regenerative brakes with the KERS system which means more particle matter is released into the atmosphere contributing to air pollution and water pollution which then has to be cleaned further down the line wasting more resources for cleaning than needs be. Even with an implementation of KERS system that it also adds extra weight to the vehicle up to 75 kg more weight than the original car which also adds to the amount of weight being pulled by the car on top of its original mass this can have a negative impact on handling and fuel efficiency in certain scenarios. Extra maintenance would need to be done to make sure that this system is all in check whenever it is in use but errors may occur when driving as wear and tear happens which then would require specialist equipment which is expensive and time consuming as not every workshop with posses the tools to fix/maintain this system. Finally, KERS can only recapture a fraction of the amount of energy lost as the system itself would become a heated dissipating the energy it’s meant to recover which also means that KERS brakes would require its own cooling system most of the time it can be added to the car’s original cooling system which improves its ability to be implemented as it will take up less space and materials to keep the temperature maintained at the correct levels.



6. Conclusion

In conclusion it would be very practical to implement a KERS system into a B180cdi as in the tractive cumulative energy graph there’s many decelerations drops where energy can be recovered and reintroduced into the system and by using an electrical KERS (regenerative brakes) system as it does not include a lot of reconstruction within the car itself whereas a mechanical KERS system would need the implementation of a flywheel. The B180cdi would benefit considerably from having a KERS system as its only rated C on the efficiency scale with the upgrade to its existing mild-hybrid powertrain it will be able to function more efficiently in urban and high traffic areas. This integration also aligns with current modern demands for sustainable and energy efficiency, there will be considerations such as money as this car is slightly cheaper consumer vehicle as it’s meant for a wider range of consumers and if the system was implemented would the price change so much so that the consumer would become disinterested in purchasing it, that would be a factor to keep in mind but on the other hand they would save money on fuel efficiency and brake pads and brake disc. Overall I do think that the addition of a KERS system would improve this vehicle and make it a consideration to apply it to make it more fuel efficient therefore reducing the fuel consumption.
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