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1. INTRODUCTION 
This report covers an investigation into the effects of introducing an internal combustion engine (ICE) stop-start strategy, in combination with a kinetic energy recovery system in order to reduce vehicle fuel consumption.
The vehicle selected to investigate the additions will be a Fiat 500 1.2L. this vehicle was specifically selected for this investigation as it is one of the most popular cars in the world and gives an exceptional idea of the current automotive market. 

2. INTERNAL COMBUSTION ENGINE STOP-START 
Increasing fuel consumption and carbon emissions are one of the major threats for environmental imbalance. Therefore, leading automotive manufacturers are integrating (ICE) stop start systems into their vehicles to combat this issue. 

(ICE) stop-start systems are primarily used for maintaining fuel efficiency in vehicles, it also helps reduce carbon emissions. 
Figure 1: Automatic Stop Start found in a road car
 Stop-start systems enable vehicles engines to stop automatically when the vehicle is stationary for example sat at traffic lights. This in turn saves fuel and reduces the pollution created, the system for restarting the engine after a short stop is more simple and efficient compared to a manual cold start. When stop start technology was introduced it was mainly considered a luxury in vehicles but due to its effect on reducing a vehicles pollution it has slowly trickled down to more affordable economical cars and is now widely found on the market. [1] Fiat themselves released a version of the 500 with stop start capabilities in 2009 to combat fuel consumption and carbon emissions. [2]

3 KINETIC ENERGY RECOVERY SYSTEMS 
Under breaking energy is transferred into heat and sound energy, that is usually lost as wasted energy. The purpose of Kinetic Energy Recovery (KERS) is to harvest a portion of that energy and redeploy it back into the car as extra energy. This provides additional performance advantage for the driver also and uses up some of that wasted energy.  

There are two main types of KERS systems the ones originally developed for formula one was electric based and used an electromagnet to transfer the kinetic energy to potential energy. That is eventually converted to chemical energy that is then stored in a battery. The battery then delivers the energy to the drive train by using an electric motor. 

The second variation of KERS is a mechanical energy storage system. To harvest the energy upon breaking, this system utilizes a flywheel which acts as the energy reservoir. When needed the energy is delivered similarly to the aforementioned KERS system, directly to the wheels and when called upon provides a performance boost directly to the wheels. The mechanical implementation of KERS is known to be more efficient than the electric equivalent as fewer energy conversions is being undertaken and therefore leads to less energy losses. [3]  
Some hybrid road cars already have similar KERS systems that is used to charge the batteries, however unlike formula one road cars typically use KERS systems to reduce fuel consumption instead of receiving a power boost. [4]  

Figure 2: KERS system used in Formula 1

ERS or energy recovery systems is Formula one’s newest iteration of energy recovery systems, ERS is much more advanced than the KERS system as it is still utilized to gather otherwise wasted energy and redeploys it back into the system, but an ERS system can also harvest the thermal energy that may have been wasted directly from the engine. 
Zytek Energy Recover Systems [5] states about ERS systems in formula one. Since 2009, F1 has adopted a more technically complex ruleset. That now offers the ability to greatly increase the thermal efficiency of engines. This allowed the recovery of thermal energy y utilizing electric turbos, which has greatly increased the thermal efficiency of the powertrain. 
4. WORLDWIDE HARMONISED LIGHT VEHICLE TEST (WLTP)
Under conditions defined by EU law, the Worldwide Harmonized Light Vehicle Test (WLTP) test procedure is used to measure fuel consumption and CO2 emissions from passenger cars as well as their pollutants. 

The WLTP test is replacing the New European Driving Cycle test (NEDC) the WLTP test is a more accurate representation as it uses real driving data and is no longer theoretical. It also produces results that better match the on-road performance of the vehicle, it is also a much more modern test. Due to the more modern testing the WLTP provides much more valuable results of a vehicles performance. This is increasingly important as vehicle emissions get stricter and more buyers are looking for greener alternatives.  [6]


Figure 3: WLTP Explained





5. DATA GATHERED 
The data gathered during from the WLTP Excel sheet will be displayed here. The category selected for the fiat 500 was the class 3 WLTP test, as the fiat 500 produces more than the requirement of the class 3 test which is as follows: Class 3 vehicles with a ratio of rated power in W / kerb mass in kg > 34. It was calculated that the rated power to kerb mass of the fiat was 54.4 and therefore qualifies for class 3 testing. 
5.1 Resistance to Motion 
The first data gathered is the total resistance to motion during the WLTP test this can be seen in Appendix [2]. It can be seen that the rolling resistance is always positive and is constant across the entire test. The aero resistance is either positive or zero. Finally, acceleration resistance can be seen as positive or negative. 
5.2 Tractive Power 
The second graph seen in Appendix [3] shows the total tractive power across the test this includes acceleration and deceleration. It can be seen that when the vehicle is decelerating there is a lot of power being produced that would effectively be wasted without a KERS system. The graph also shows that when the vehicle isn’t accelerating its decelerating and the time when not accelerating could be used to harvest potential energy through the KERS system. Appendix [4] shows this in more detail as its clear  the amount of breaking power that’s being produced. 
Furthermore, with the maximum acceleration power found and the maximum Deceleration power found the difference can be calculated to provide the maximum power losses during the testing.  the Maximum power losses were calculated to be 1978.7 Kw (these are the losses). 
To calculate the energy that can be stored by a KERS system the following equation is used:
Energy stored = PE (Potential Energy) – Losses  
Therefore, the potential energy must be calculated, the equation for PE is PE = M. G. Height where the mass of the vehicle is the test mass of 1238.7 kg, G is gravity (9.81N) and there is no height as the testing is done without any gradient. The total PE is calculated at 12151.65 KJ. The above-mentioned equation can now be used to calculate the energy that is available for storage. This is calculated at the peak deceleration power curves of the WLTP cycle. The available energy to be stored is measured at 8523KJ. It must be noted that this is the absolute maximum energy that can be stored and will more than likely never reach this value to hardware restrictions.   





6. POTENTIAL KERS SYSTEMS 
It is difficult to find KERS systems that are available for purchase that can be retrofitted directly to a vehicle. Although one example of this comes in the form of a retrofittable KERS system for HGVs, it can be fitted to existing vehicles and will reduce fuel consumption and emissions by up to 20%. The system is fitted to the drive train of the vehicle and when slowing the vehicle, it acts as a break and directs the energy gathered from slowing to graphene ultracapacitors to be stored for later deployment. 
When accelerating the system then works as a motor drawing the energy stored and providing additional power to accelerate the vehicle. This process significantly reduces the fuel consumption of the vehicle as it is using otherwise wasted energy to aid in acceleration. [7]  
Additionally the system can reduce fuel burn by 25% resulting in a similar drop in CO2 emissions, it will also reduce NOx and Particulate matter emissions.  Finally, according to information gathered by the manufacturer (Adgero Ltd.) the cost of purchasing the system will be paid back within 3 years as the system can save the driver £6800 a year when used in an HGV role. Unfortunately, there are no current plans to create a more compact version of the technology for use in road cars. 
Another example of a KERS system comes from a prototype Volvo S60 this example is closer to what would be needed to fit to the vehicle chosen as the technology already exists and is a cheaper option compared to the chemical energy storage system mentioned previously, as it is a mechanical system. Mechanical KERS systems are much smaller and lighter than other systems such as a petrol electric hybrid system. Volvos system is stored in the rear of the car and is used to deliver some extra power to the rear wheels of a conventionally front wheel drive car. when the energy is gathered it can be stored for up to 30 minutes, it can then be used all in one go for a large boost in power up to 80hp or 60Kw or used to supplement the engine reducing the engines fuel consumption by up to 25%. The whole system weighs 60kg and requires very little maintenance and the manufacturer claims it will last for the realistic life of the vehicle. [8] 










This system is produced by Flybrid KERS systems who produce energy recovery systems for a wide range of vehicles including commercial vehicles, road cars, and bespoke racing systems. All systems are made to order from the manufacturer. [9]
Figure 4: Volvo S60 KERS system

7. CONCLUSIONS
Through the data gathered during the WLTP testing it is clear that there is availability to harvest otherwise waisted energy from breaking in the Fiat 500. Through researching KERS systems that can be retrofitted it is clear to see that it would in fact have a positive effect on the vehicles fuel consumption and would reduce the number of emissions produced also. 
On the other hand, the main problem with this solution is that a KERS system can be expensive to purchase and fit, but also a vehicle that does not already posses a KERS system often has no room for one as seen in Figure 4. The only space available for the system is in space that would otherwise be already in use. Having this system in the Fiat 500’s small boot would drastically decrease its usability in everyday life.
Fiat have already implemented their own version of a start stop system into their vehicles and the fiat 500 now has this system also, therefore it is clear that the system does in fact work to combat fuel efficiency and pollution as it is now available on almost all new vehicles worldwide.  
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APPENDIX 
[1] Fiat 500 Technical Details:
Test mass: 1238.7 kg 
Frontal Area: 2.8m^2, 
width= 1.9m, height= 1.5m 
Rolling Resistance coefficient: 0.3
Coefficient of aerodynamic drag: 0.325
[2] 
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