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1.0. [bookmark: _Toc99036504]Introduction
As the world edges towards a more sustainable future with renewable energy sources becoming more widespread and commonly used, large companies are constantly investigating ways to devise new business tactics that could help them solidify their position in an ever-changing sector. This is particularly pertinent for companies that provide services including motorsport or driving experiences. As these companies must be seen to be moving towards a more environmentally friendly business model, it is beginning to become more prevalent to outsource engineering companies to develop ways in which they could reduce their overall emissions and make a step towards carbon neutrality. This report will outline the steps that could be taken in producing a corporate motorsport experience that still has all the fun and excitement attached to such an event with an emphasis on being more environmentally friendly.
Blitzworld, a company that provides off road buggy type vehicles for corporate events has decided it needs to be seen as more “green” and less impactful on global emissions. To achieve this, they have requested a typical duty cycle to be created for an off-road buggy being used in a conventional corporate entertainment event. This task has been requested as Blitzworld would like to understand the fuel consumed during a typical event, the emissions released in the process and if any steps could be taken to achieve a more fuel efficient and less environmentally damaging experience without losing its appeal to their typical customer base. To aid in this analysis, a duty cycle will be created using Microsoft Excel to determine the fuel used and CO2 emitted from one of Blitzworld’s existing vehicles throughout a typical lap of one of their tracks used for corporate entertainment events.
The focus of this report is to outline the possible benefits of developing a series hybrid solution for one of the off-road buggies used by Blitzword. This will be achieved by outlining the average and peak power requirements throughout the devised duty cycle and deciding on a suitable system which will allow the off-road buggy in question to cope with the specific drive cycle conditions. From this, the fuel efficiency and CO2 emitted from the vehicle will be determined through calculation. The fuel efficiency and CO2 emissions of the two vehicles will then be compared to determine if the series hybrid option is a viable and cost-effective alternative to a full ICE vehicle for Blitzworld’s developing business model.   











[bookmark: _Toc99036505]2.0. Series Hybrid Vehicle Specification
A series hybrid is a type of vehicle which uses an internal combustion engine to drive a generator which in turn provides energy to an energy storage system such as a battery. This stored energy is then used to provide variable power depending on the operators torque demand to an electric motor which then drives the wheels of the vehicle. (UCSUSA, 2015) Converting an ICE vehicle to a series hybrid can be a complicated and expensive process which can at times equate to limited benefits in regards to the overall cost of the system. As well as this, it should be noted that fitting a series hybrid system to an existing ICE vehicle could substantially increase the overall vehicle weight and seriously affect vehicle handling. The vehicle chosen for conversion, analysis and comparison is the Renegade    DX10-C Corporate 300cc Off-Road buggy. 
Previous work and research has shown that the ICE vehicle in question consumes 88.46 grams of fuel throughout a typical 144 second lap of one of Blitzworld’s corporate entertainment off-road courses. It was determined from this that the off-road buggy can complete 26.07 miles per gallon of gasoline when operated in the constraints of the developed drive cycle. It is evident from this value that the Renegade DX10-C Corporate 300cc Off-Road buggy is not necessarily fuel efficient and may benefit from a series hybrid system conversion. When installed the series hybrid system fitted should provide enough power and torque to the vehicles wheels to allow the course to be competed in the given 144 second time. However, it should be noted that it is not good practice to merely specify a system which can provide enough power and torque as per the requirements of the drive cycle but is over specified for the task in question. This practice can needlessly increase the overall cost of the conversion and possibly increase the vehicle weight to unnecessary levels.  (AutoGuide, 2009)
















[bookmark: _Toc99036506]3.0. Methodology & System Specification
To specify the components required to create convert the vehicle in question to a series hybrid system, the average and peak power requirements of the vehicle must be known. To determine these requirements a drive cycle was devised whilst taking the terrain, forces resisting motion, forces from acceleration, and resistance due to elevation change into account. Once these values have been determined, it is then possible to establish the power required to overcome this resistance at each metre of the drive cycle. An average of the power required throughout can then be determined. As well as this, once the forces resisting motion are known, it is also possible to determine the maximum power required at any given stage of the drive cycle. These values will then be used to specify the energy storge device & management system, motor & motor controller, generator, combustion engine, and final drive solution required for the system. The determined values are displayed below in Table 1.
	Renegade DX10-C Corporate 300cc Off-Road Buggy Drive Cycle Power Requirements

	Average Power Required
	3.77 Kw

	Peak Power Required
	12.74 Kw


[bookmark: _Toc99036376]Table 1: Table displaying the power requirements of the Renegade DX10-C Corporate 300cc Off-Road Buggy throughout the drive cycle.
[bookmark: _Toc99036507]3.1. Internal Combustion Engine
As a series hybrid system requires an internal combustion engine to drive the generator to produce energy for the vehicles motor, it is important to specify an engine which will provide enough power to drive the generator at a constant RPM. Another important stipulation for the specified combustion engine is the ability to fit within the constraints of the vehicle itself. Because of these requirements, it was decided that the original engine of the vehicle should be used. Doing this will not only reduce overall cost, it will also result in a more achievable conversion as the system already fits nicely within the vehicles engine bay without any modifications needed. 
[bookmark: _Hlk99038539]The 278cc single cylinder four stroke engine will be modified to run at a constant RPM with a specific torque demand throughout its operation. The brake specific fuel consumption of the combustion engine is shown below in Table 2. (Zoom to 220% to view)
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[bookmark: _Toc99036377]Table 2: Table displaying the brake specific fuel consumption (BSFC) of the specified combustion engine in g/Kwh.
It can be seen from analysis of Table 2 that the most efficient running conditions of the combustion engine are at 5500 RPM with a torque demand of 13 Nm. It is shown that at these running conditions the brake specific fuel consumption is 308.01g/Kwh. This means that as the engine will be set to operate at the conditions which give the greatest fuel efficiency, the fuel consumption will be set at 308.01g/Kwh throughout the entire drive cycle. Doing this should reduce the overall fuel consumption and CO2 released throughout the devised lap.
[bookmark: _Toc99036508]3.2. Motor & Motor Controller
As there are certain energy losses present within an electric motor and its controller, the efficiency loss must first be calculated before a motor can be specified for the task. Research indicates that when an electric motor and a motor controller are used in unison, they have an overall efficiency of around 90%. (Laskay, 2015) From this, the total power requirements of the motor can be determined. The calculations are shown below. 

[bookmark: _Toc99036395]Equation 1: Equation to calculate the average power required from the electric motor.

[bookmark: _Toc99036396]Equation 2: Equation to calculate the peak power required from the electric motor.
It is evident from the calculations that the specified electric motor must have a peak power output greater than 14.01 Kw and the ability to provide 4.15 Kw of power throughout the entirety of the drive cycle. Due to these requirements the electric motor specified for the vehicle is the AC-20 Motor from High Performance Electric Vehicle Systems (HPEVS). HPVS have stated on their purchasing platform that the motor in question is suitable for use in small capacity vehicles such as motorcycles, utility vehicles, and golf carts. The specifications of the HPEVS AC-20 motor are shown below in table 3. 
	HPEVS AC-20 Motor Specification

	Weight
	24.5 kg

	Voltage
	48 v

	Current
	350 Amps

	Peak Torque
	54.6 Nm

	Peak Power Output
	17.31 Kw


[bookmark: _Toc99036378]Table 3: HPVS AC-20  electric motor specifications. (HPEVS, 2022)
It can be seen from the specifications in Table 3 that the AC-20 motor is more than capable of providing the peak and average power required to negotiate the drive cycle in the given time.
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[bookmark: _Toc99036361]Figure 1: Image of the HPVS AC-20. (HPEVS, 2022)
It is recommended by High Performance Electric Vehicle Systems that to maximise the performance of the AC-20 motor, it should be used in unison with the Curtis 1236-SE motor controller. The motor controller is responsible for regulating the electric motor to ensure the correct amount of power is delivered to the wheels and maximum traction is adhered with the driving surface. the Curtis 1236-SE motor controller is able to cope with a nominal voltage between 48 and 80 volts. As well as this the motor controller has a current rating of 450 Amps. (Evolve Electronics, 2022) It is clear from analysis of Table 3 and the capabilities of the motor controller that the recommended controller has the capacity to control the power demands of the AC-20 motor.
[bookmark: _Toc99036509]3.3. Generator
As the generator is responsible for providing consistent energy from the internal combustion energy to the battery, it is important to specify a generator capable of providing a constant flow of energy greater than the requirements of the system. (Becksteard, 2006) As the average power required throughout the drive cycles has been calculated to be 4.17 Kw when taking losses into account, the generator should be able to provide at least this amount at a constant motor speed. From these requirements, the AC-12 electric motor from HPEVS has been chosen for the task. The specifications of the HPEVS AC-12 motor are shown below in Table 4.

	HPEVS AC-20 Motor Specification

	Weight
	22.7 kg

	Voltage
	48 v

	Current
	350 Amps

	Peak Torque
	72.4 Nm

	Power Output
	4.5 Kw @ 5000 RPM


[bookmark: _Toc99036379]Table 4: HPVS AC-12  electric motor specifications. (HPEVS, 2022)

As shown in Table 4, the AC-20 electric motor can provide a constant 6.4 Kw of power to the energy storage device at its peak efficiency rotational speed of 4000 RPM. This would provide a sufficient flow of energy to the battery and allow for a constant supply of power at the operators request. It should be noted that although the main function of the generator is to supply power to the energy storage device, it can also supply power directly to the motor in times of increased load. Due to this, the generator should also have the capabilities of providing the motor with the power it requires at any given moment. (N. Schofield, 2011)  As the maximum power requirement throughout the drive cycles has shown to be 12.74 Kw, the specified generator should also be able to supply the motor with the power required for a short time period. Research indicates that the AC-12 motor has a peak power output of over 13Kw  and would be able to cope with loads required to complete the drive cycle in the given time. The specifications of the AC-12 motor are shown below in Figure 2. 
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[bookmark: _Toc99036362]Figure 2: Graphs depicting the specifications of the AC-12 motor. (HPEVS, 2022)

[bookmark: _Toc99036510]3.4. Energy Storage Device & Management System
A series hybrid system requires an energy storage device to store the energy generated by the system’s generator. The energy storage device is then discharged to the motor at the request of the vehicle operator to drive the vehicle’s wheels. (Shrey Verma, 2021) For simplicity of design and ergonomic restrictions, it was thought best to utilise a battery as the systems energy storage device. As the requirements of the motor are 48v at 450 amps, a battery pack capable of delivering this energy should be specified. From this, the battery specified for the system in question is the Alithium 48V - 100Ah 4 Cell Modules Li-Ion Battery from Electric Motorsport. The battery is comprised of 4 cell modules with a nominal voltage of 12 volts connected in series to give the battery the 48 volts stated. (Electric Motorsport, 2016) As the battery states it is able to support a current of 100 Ah, the energy storage system would be able to provide enough current to power the AC-20 motor for just over 13.5 minutes at 450 amps. However, as the battery is receiving a constant charge from the generator, it is unlikely the battery would discharge at this rate and would be able to provide power for as long as the combustion engine is providing the generator with power. 
[bookmark: _Hlk98873132]The battery, similarly to the motor, requires a management system to ensure the correct amount of energy is moved in and out of the device. In the case of the Alithium 48V - 100Ah 4 Cell Modules Li-Ion Battery, the EMUS battery management system is also provided from Electric Motorsport LTD. This specific management system is capable of supporting up to 225 single cells with a nominal voltage of up to 5 volts. It is evident from this that the management system is more than capable of the required task in this case. However, it should be noted that installing this specific battery and management system will increase the overall weight of the vehicle by 23.7kg.
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[bookmark: _Toc99036363]Figure 3: Image of the Alithium 48V - 100Ah 4 Cell Modules Li-Ion Battery & the EMUS battery management system. (Electric Motorsport, 2016)
Research suggests that when these two systems are used in conjunction with one another, there are minor energy losses of around 5 %. Due to this, the average power required from the generator to provide this should be taken into account. (Shrey Verma, 2021)

[bookmark: _Toc99036397]Equation 3: Equation to calculate the average power required from the generator.
As shown, the power required from the generator is 3.96Kw due to the inefficiencies of the battery and its management system. This is still within the scope of the generator specified.
[bookmark: _Toc99036511]3.4. Final Drive Solution
As the off-road buggy in question is already fitted with a chain drive solution to transmitting the mechanical power generated from the ICE to the vehicle’s wheels and has proven to be effective, it makes sense, if possible, to configure a similar solution for the vehicle once the drivetrain has been converted to a series hybrid system. The vehicle would then retain the benefits of implementing such a final drive solution, such as ease of serviceability. However, it should be noted that as the vehicle’s operating environment can be relatively aggressive, the chain could become fouled with debris and lead to a reduction in overall system performance. It is important when specifying a final drive solution such as this to  ensure that the correct gearing ratio is selected to allow the vehicle to reach the velocities necessary to negotiate the drive cycle in the given time. The calculations to determine this are shown below. 


[bookmark: _Toc99036398]Equation 4: Equation to determine the vehicle's wheel speed.


[bookmark: _Toc99036399]Equation 5: Equation to determine the reduction ratio of the final drive solution.
It can be seen from equations 4 & 5 that the reduction ratio needed for the sprocket gearing to allow the vehicle to reach the velocities necessary has been calculated to be 19.8:1. Due to this, the two sprockets specified for the final drive solution should have 79 and 4 teeth.  












[bookmark: _Toc99036512]4.0. Results & Analysis
[bookmark: _Toc99036513]4.1. Additional System Weight
As aforementioned, converting the buggy into a series hybrid vehicle would likely increase the overall weight of the vehicle. The weight of the individual components and the total weight added to the vehicle is shown below in Table 5.
	Additional System Weight

	Motor
	27kg 

	Motor Controller
	4.1kg

	Generator
	22.7kg

	Battery & Management System
	7.7kg

	Total
	61.5kg


[bookmark: _Toc99036380]Table 5: Table displaying the additional weight to the vehicle.
As shown in Table 5, there will be an additional 61.5kg added to the system. This will increase total vehicle weight from 567.33kg to 628.83kg.
[bookmark: _Toc99036514]4.2. Fuel Efficiency & CO2 Emissions Comparison
As aforementioned, the internal combustion engine fitted to the system will be tuned to run at a constant speed which correlates with its most efficient operating parameters. This will clearly reduce the amount of fuel used per lap of the course. A comparison of the fuel usage from the two systems throughout a full lap is shown below in Table 6.
	Fuel Used Per Lap

	ICE Only
	88.46g

	Series Hybrid System
	32.04g


[bookmark: _Toc99036381]Table 6: Table comparing the fuel usage throughout a full lap.
It is shown in Table 6 that there is 64%  reduction in the fuel consumed by the vehicle when the series hybrid system is fitted. This could result in significant cost reduction over time. 
The substantial reduction in fuel consumption should also result in a significant reduction in the CO2 emitted from the vehicle. A comparison of the CO2 emitted from the two systems throughout a full lap is shown below in Table 6.
	CO2 Emissions Per Lap

	ICE Only
	273.33g

	Series Hybrid System
	99.01g


[bookmark: _Toc99036382]Table 7: Table comparing the CO2 emissions throughout a full lap.
It can be seen from analysis of the tables above that there has been a significant reduction in the fuel consumed and CO2 emitted when the vehicle is fitted with a series hybrid system.
[bookmark: _Toc99036515]4.3. Outline of Costs
	Series Hybrid System Cost

	Motor
	£2310

	Motor Controller
	£824

	Generator
	£2272

	Battery & Management System
	£2566

	Total
	£7972


[bookmark: _Toc99036383]Table 8: Table displaying the cost of the series hybrid system.
Table 8 shows that the system components will incur a cost of almost £8000 without installation. Research indicates that installing a series hybrid system to a vehicle such as an off-road buggy can equate to around £1500. (Thomas, 2020) This brings the total cost of the conversion to £9500. As 56.42  grams of fuel (the total fuel saved per lap) equates to 0.08  litres of fuel, at the price of fuel right now (166 pence per litre), this equates to a 13.28 pence saving per lap of the circuit. This means that 71537 laps of the circuit would need to be completed to make the installation of the system worthwhile. This is clearly a substantial number of laps and would likely take a great deal of time to complete. Because of this, to make the vehicle conversion a feasible option for Blitzworld, they would likely need to increase the cost of the corporate experience day or accept the initial cost to hopefully increase the company’s appeal and increase the size of their customer base.























[bookmark: _Toc99036516]5.0. Conclusion
It has been shown through development of a drive cycle model that fitting a series hybrid to one of Blitzworld’s off-road buggies used in corporate entertainment events can drastically reduce the amount of fuel used and CO2 emitted during an experience day. It was determined that there would be a 64% reduction in fuel used and CO2 emissions during each full lap of the circuit. 
The average and peak power requirements to complete the circuit in the given time were calculated to allow the components of the series hybrid system to be specified. From these values, the efficiency lost through the system needed to be calculated and taken into account to ensure the vehicle would be able to complete the lap in the required time. From this the components specified for the series hybrid system are as follows.
ICE – 278cc Single Cylinder Four Stroke Engine (Already fitted)
Final Drive Solution – Chain Drive
Controller – Curtis 1236 SE from Evolve Electrics
Motor – HPEVS AC-20 Motor (48v, 350 amps) from High Performance Electric Vehicle Systems 
Generator – HPEVS AC-12 Motor (48v, 350 amps) from High Performance Electric Vehicle Systems 
[bookmark: _Hlk98871348]Energy Storage Device & Management System – Alithium 48V - 100Ah 4 Cell Modules Li-Ion Battery w/ EMUS BMS Mini & Charger  from Electric Motorsport
It was shown that although there was a large reduction in fuel used throughout a full lap of the circuit when the series hybrid system was fitted, it would take 71537 laps of the circuit to make the money back from the initial investment of fitting the system. This number of laps would clearly take an abundance of time to complete with no real change in income generated from implementing such a system. Because of this, it is unlikely that Blitzworld would benefit from implementing such a system unless it was thought that appearing as a greener company would substantially increase their customer base. Due to this, it is recommended that Blitzworld should continue with their current business model and persist with ICE only vehicles.
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0 752.791 738.783 774.7247 750.3137 794.1424 809.9014 812.6403 789.4159 783.8209 768.9304 758.3194 748.4448 717.6221 708.0843 687.4024 674.0124 666.3945 639.9405 632.4585 621.1353 647.0357 680.3913 710.6373 737.59 757.16 796.1603

727.7444 787.5746 773.5666 795.9546 771.5436 825.5294 841.2884 867.1133 843.8889 838.2939 822.3834 789.3047 779.4301 769.4043 759.8665 752.0811 738.6911 731.0732 717.5157 710.0337 711.2738 737.1742 754.9063 785.1523 800.5261 820.0961 844.821

943.4319 941.6551 927.6471 936.5375 912.1265 855.9415 871.7005 921.5863 898.3619 892.7669 875.8365 829.8023 819.9277 821.1865 811.6487 816.7598 803.3698 795.7519 795.0909 787.609 786.812 812.7123 829.4213 859.6673 847.5429 867.1129 881.9897

1178.839 1095.736 1081.728 1017.027 992.616 960.621 976.38 976.0593 952.8348 947.2399 929.2896 915.619 905.7444 928.4326 918.8948 913.4366 900.0466 892.4287 881.1984 873.7164 862.3501 888.2505 881.6682 911.9141 894.5597 914.1297 911.7356

1317.083 1249.816 1235.808 1183.959 1159.548 1065.301 1081.06 1088.673 1065.448 1059.853 1049.837 1044.101 1034.226 1035.679 1026.141 1010.113 996.7233 989.1054 967.3058 959.8239 937.8883 963.7887 933.915 964.1609 925.6574 945.2274 920.2559

1609.1 1534.868 1520.86 1457.031 1432.62 1328.621 1344.38 1279.364 1256.14 1250.545 1208.391 1170.517 1160.643 1122.432 1112.894 1086.025 1072.635 1065.017 1032.649 1025.167 992.6617 1018.562 986.1618 1016.408 956.755 976.325 942.6194
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