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2025 Powertrain proposal for Vauxhall.

With stricter emissions regulations coming into place it will force powertrains to become electrified. Currently no Vauxhall Vehicles are electrified. The CO2 emissions target for 2025 is 68 grams per kilometre, nearly half of the current target (130 grams per km) (Action, 2017). Ideally a fully electric car would be the best solution to pass an emissions test however for long journeys electric vehicles are not practical dues to their limited range. 
Current battery technology makes it difficult to replicate the range of internal combustion engines and can cause “range anxiety” to the driver. Nearly all current electric vehicles use lithium ion batteries however due to the low energy density of lithium ion compared to gasoline or diesel extremely large and heavy batteries must be used to get useable range of the vehicle. For every kilogram of fuel (gasoline or diesel) roughly 22 kg of lithium ion is needed to achieve the same energy. This results in much heavier vehicles for example the electric version of the Volkswagen golf is nearly 25% heavier than the gasoline version (Volkswagen, 2018). Therefore it is desirable to have a hybrid system where the battery size can be reduced significantly but contains enough energy to have a reasonable drive cycle range. Current lithium ion batteries cost around $150 per Kwh with an expected reduction to $100 per kWh by 2020 (Cobb, 2015). One of the bestselling electric cars in Europe is the Renault ZOE (Pontes, 2018), this has a 41 Kwh battery and a 250 mile NEDC electric range (Ingram, 2018). A maximum 45 minute charge at a shell service station at a cost of £0.49 per Kwh (price in June 2018) (Shell, 2018) with a 50 Kwh charger will cost £18.38 and give a range of around 225 NEDC miles. Comparing this to a 1 series BMW diesel for the same cost of diesel you can achieve 268 NEDC miles. Therefor the cost per mile is greater for the Renault ZOE.
[bookmark: _GoBack]The most efficient way to integrate an internal combustion engine to create a hybrid vehicle would be to use the engine as a range extender to charge the vehicles batteries. This means the engine can be optimised to run at a specific rpm where the engine is most efficient in its Optimal BSFC range to meet the charging requirements of the batteries. Using an internal combustion engine is parallel with batteries is useful for having a long range vehicle however the engine would not be able to run at its most efficient point all of the time and will have to be large enough to produce enough power to drive the vehicle therefore adding weight. Figure 1 shows how running the engine at a single rpm and load point is beneficial for efficiency.
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A range extender can maintain state of charge the battery or reduce the rate of depletion by reducing the net discharge from the battery. For example the range extender could be matched to maintain charge at 70 mph for motorway driving. For a mid-size passenger car it takes roughly 21 kW to stay at a constant 70 mph therefore if the range extender was able to output this power it could keep a state of charge. If the battery can be reduced from 40 kWh to 20 kWh the weight can be reduced by 100 kg and the cost can be reduced by $2000 (2020 projected prices). Using a small engine as a range extender will also mean that the recently developed downsizing technology can still be used. All calculations can be found in Appendix.
BMW use a 650cc twin cylinder gasoline engine in the I3 Rex from their motorcycle sector producing 25Kw that has the ability to extend the range by 100Km. The I3 Rex has a 33 KWh battery. The (bmw-powertrain, 2017). The ability to run electrically in the drive cycle gives impressive equivalent fuel consumption and emissions figures, 471 Equivalent MPG and 13g/km CO2 (Lilley, 2018), falling well below the 2025 target. MAHLE Powertrain developed a Range extender demonstrator vehicle which has a purpose built larger 900cc twin cylinder engine producing 30 to 40 Kw with the ability to be increased to 50 Kw with an electrical Supercharger to charge a 14 kWh battery. This engine allows the demonstrator vehicle to maintain a constant speed of 120 Km/h (75 mph) and can extend the range from 60 Km to 500 Km. it can achieve 45g/km CO2 on the NEDC once again well under the 2025 target (mahle, 2014). 





Due to the inherent problem of poor energy density of lithium ion batteries, long charging times compared to fuel filling time a fully electric vehicle is not practical. I propose that the powertrain used for 2025 would still use a lithium Ion Battery providing power to an electric motor with the use of a small capacity gasoline range extender. The range extender engine will get rid of the “range anxiety” felt when driving purely electric vehicles and allow for much further journeys. The engine should be powerful enough to allow for constant speed motorway driving which will allow for a smaller battery that will reduce cost and weight. The engine will operate at a specific RPM and optimised for that speed by reducing valve spring friction and adjusting camshaft timing. The addition of an electrical supercharger similar to MAHLE Powertrain will allow the engine to be ran as a miller cycle engine to improve efficiency and reduce emissions. The ability to use only electric power at low speed in the city means that the operation of the vehicle is environmentally friendly. 
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Appendix

Lithium Ion Kg per kWh







Lithium Ion to Gasoline Comparison 

Assuming 30% gasoline to wheel efficiency and 80% Lithium Ion to wheel efficiency.








Range Comparison 








The Renault ZOE can achieve 250 NEDC miles with 41 kWh battery. 



BMW 1 series Diesel can achieve 80 mpg on the NEDC (Lilly, 2018). 


 








Calculations assume 100% charging efficiency.

Range Extender Power Requirement 
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These calculations assume constant speed with zero acceleration. In reality the car would be accelerating and decelerating. This would increase the mechanical energy needed therefore the range extender would momentarily not keep up with the demand. 


Miller Cycle

In a miller cycle the inlet valve is left open longer than it would be in an Otto cycle engine therefore the compression stroke is split into 2. The first part charge is being pushed out back through the inlet valve but a supercharger allows performance to be kept. The second part is where compression occurs, this means that the compression ratio is now smaller than the expansion ratio giving a greater efficiency. The lower compression ratio means combustions temperatures are not as high which helps reduce NOx formation.
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