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Abstract—As the technology is evolving and upgrading, more 

ways are being founded to tackle global warming and the 

emission of greenhouse gases. Introducing hybrid cars in 1997 

was a milestone towards this initiative, which not only 

decreased fuel consumption but also lowered the on-road 

emission of harmful gases. However, in developing countries 

where masses are using motorbikes as a primary source for 

commuting. Industries are in process to manufacture hybrid 

motorbikes which are eco-friendly and light in build. This 

paper will be addressing the comparative analysis of both types 

of bikes i.e. the new hybrid bikes and fuel injection motorbikes 

with associated pros and cons. 

 
Index Terms—Fuel consumption, fuel injection system, 

hybrid motorbike, greenhouse gas emission.  

 

I. INTRODUCTION 

As the industrial revolution gained strength, people used 

horse cart as a medium to travel around faster as there were 

no other means. Different steps were being taken to 

overcome this issue but the most important was the invention 

of a motorbike (a two-wheel vehicle). The first ever 

motorbike was a steam engine based, invented in 1867 by 

Pierre Michaux [1].  It was a paradigm shift for the engineers 

who worked hard to introduce an alternative mode of 

transportation. This instantly attracted everyone towards the 

idea of an engine-based vehicle and research started which 

resulted in the making of the first petroleum-based internal 

combustion engine in 1885 by Gottlieb Daimler [2]. Later, 

Heinrich Hildebrand in 1894 manufactured petroleum-based 

engine bikes in bulk quantity with modern design which gave 

birth to new revolutionary era [3]. 

With on-going modernization in transportation, vehicle 

industry got special attention and increasingly innovations 

took place to get something productive and efficient in 

comparison to the past machines [4], [5]. Later on, carburetor 

engines were introduced which consumed extensive fuel 

consumption and increased carbon emission. To overcome 

this, fuel injection method was introduced in the 1980s which 

quickly took the upper hand in versus to all other types of 

engine till date.  

Many milestones were achieved in the history and easiest 

ways for traveling were introduced. With the increase in 
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population, demand for motor bikes also increased which in 

return required more consumption fuel. As studies 

progressed, it was realized that the main reason behind global 

warming was the carbon emission emitted by the vehicles. To 

sustain and protect future generations, there was a dire need 

to introduce measures against the effects of greenhouse gases. 

Carbon emission started since 1750,in 1900 there were 

around 2 billion tonnes of carbon dioxide emission, while in 

2017 it was around 36 billion tonnes which shows an increase 

of around 34 billion tonnes in 117 years [6]. This rapid 

increase in emission was faster than it was expected.  The 

world's overall temperature was vastly affected by the 

emission as the temperature had increased to 0.8° Celsius 

(1.4° Fahrenheit) since the 1880 baseline [7]. 

Thus, production of fuel barrels increases by a significant 

amount. In 2005 the Oil Depletion Analysis Centre (ODAC) 

in London provided a figure of 944 billion barrels which had 

been extracted since the beginning of commercial drilling, 

and counting from 1870 around 135 billion barrels of oil had 

been used [8].  
  

 
Fig. 1. Greenhouse gas emissions by different sectors in 2017 [9]. 

 

The greenhouse gases emission from different economic 

sectors of the United States during the year 2017 are shown in 

Fig. 1. The pie chart clearly demonstrates that the 

transportation sector was the highest contributor of 

greenhouse gases, accounting for around 29% of total 

harmful gases emission in 2017 due to the high usage of 

fossil fuels for energy in the transportation sector [9].  

To resolve the emerging issues of fuel consumption and 

carbon emission, measures were taken along with discoveries 

that changed the history. The most important of all was the 

introduction of hybrid cars in 1997. The hybrid car was a 

magnificent invention as the carbon emission by the car 

decreased by more than 50%. The invention had a huge 

impact and it helped western countries to fight against 

greenhouse gases emission.  However, developed countries 

used motorbikes as a primary source for travelling which 
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happened to be less effective. As a result, emitted carbon was 

not managed efficiently especially in Asia, where 

approximately 79% of the world's motorbikes were present.  

According to Dr Jawaid Abdul Ghani(professor at Karachi 

School of Business Leadership) , in 2015 6% of the citizens 

owned cars in Pakistan and India, whereas 41% and 32% 

owned bikes [10]. The Daily Times also stated in their 

headlines that around 7,500 of new motorcycles daily hit 

roads in Pakistan. Further they also claimed that in 2017, 

around 2 million motorcycles were produced [11]. The 

above-stated fact shows that the number of people dependent 

on bikes is greater in Pakistan.  

In order to reduce carbon emission from the planet and to 

decrease the use of carbon fuel, vast scale studies and 

inventions are required in the motorbike sector. The giants of 

the vehicle industry such as Honda, Kawasaki, Harley 

Davidson, etc. are working towards Hybrid motorbike and 

are likely to get success soon. 

 

II. FUEL INJECTION MOTORBIKE 

In a fuel injection system, fuel is directly introduced in an 

internal combustion engine, by using an injector. This 

method overtook the previously used carburettor engine of 

1980s and is the most used engine to date. The basic 

difference between fuel injection and carburettor engine was 

of a nozzle, as in fuel injection the small nozzle atomizes the 

fuel using high pressure whereas in carburettor suction 

method was used for intake of fuel into the airstream. 

The objectives behind the making of fuel injection engine 

were to: 

 Increase output  

 Increase fuel efficiency 

 Decrease carbon emission  

 Drivability and smooth operations 

 Lesser initial/maintenance cost  

This technology was first introduced in cars but it 

gradually took an important position in the motorbike 

industry. The injection system is controlled using an 

electronic circuit that allows the proper air mixture into the 

chamber. The fixed ratio is around 14.7:1, meaning that for 

every one part of fuel 14.7 parts of air are required for 

combustion to be effective [12]–[14]. Fig. 2 and 3 shows the 

working of a fuel injection system. 

 

 
Fig. 2. Fuel flow inside EFI system [15]. 

 

Fig. 2 shows how fuel flows inside an EFI system. The fuel 

tank supplies gasoline to the fuel pump. The fuel pump is 

located in the fuel tank. A high-pressure feed is provided by a 

fuel pump to the fuel rail that is connected to the fuel injectors. 

The fuel pressure is maintained around 39-45 PSI by a 

pressure regulator on fuel rail. The pressure regulator is 

connected by a vacuum line to the intake manifold through 

which any extra fuel is returned back to the fuel tank [15]. 

Fig. 3 shows the working of an injection system in a 

motorbike. As the engine starts, the airflow creates a 

low-pressure area in the carburetor. The fuel in the fuel tank 

is at atmospheric pressure while the venturi pressure is lower. 

Fuel is forced into the venturi through metering jets from 

where it's taken by the airstream towards the combustion 

chamber. Fuel metering depends on the strength of the 

vacuum signal and the size of holes in jets. As it can be 

affected by many factors ranging from the engine's 

rpm/throttle position to the status of rings and exhaust [16]. 
 

 
Fig. 3. Working of injection inside a bike [17]. 

 

A.  Advantages  

The Advantages are as follow: 

 Cold starting of the engine is easier. 

 It's more economical and requires less maintenance. 

 Due to the smaller combustion space the thermal 

efficiency is better. 

 Fix ration of fuel and air mixture allows cleaner and 

more efficient combustion. 

 Fuel efficiency is better and more powerful than a 

carburetted system. 

B. Disadvantages  

The Disadvantages are as follow: 

 It's very noisy compared to other systems. 

 Blockage occurs frequently due to small injection 

holes. 

 Once damaged, its fixing might require changing of 

the whole body. 

 The swirling is slow, especially at low speeds. 

 

III. HYBRID MOTORBIKE 

A hybrid system is a mechanism that uses two distinct 

types of power to run an engine. Both electric and internal 

combustion engines are used in motorbikes. Different motors 
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work more efficiently on different engines, like electric 

motor efficiency is higher while producing torque or turning 

power, while the combustion engine is efficient at 

maintaining high speed. By doing this, a hybrid system 

decreases fuel consumption and saves fuel cost and increases 

efficiency. By decreasing fuel consumption, it decreases 

carbon emission and other greenhouse gases emission. The 

current also gives us the characteristics of its fuel injection 

system [18].  
 

 
Fig. 4. Working of hybrid system [19]. 

 

Fig. 4 illustrates the way wheel gets energy in a hybrid. 

The energy is first stored in the battery and then moved to 

tires so that extra energy can be stored. There are two basic 

types of systems in hybrid. 

A. Parallel System 

These are commonly used systems and are currently used 

as well in hybrid cars. The system works as shown in Fig. 5 

that both electric motor and internal combustion are 

connected to a mechanical transmission. Power steering and 

air conditioner are connected directly to an electric motor and 

are independent of the combustion engine, this increases the 

efficiency as the accessories keep working irrespective of the 

status of the combustion engine. Due to which a parallel 

system is preferred for highway drives [20].  
 

 
Fig. 5. Parallel system [21]. 

 

B. Series System   

Series system working is similar to an electric vehicle. Fig. 

6 shows the working of a series system, where the 

combustion engine directly drives electric generator instead 

of driving wheels. The generator is connected to the battery 

and the wheel by which it stores energy and operates wheels 

at the same time. When a huge amount of energy is required 

the energy is taken from both generator and battery. 

Transmission is not needed in series. The advantage of series 

over parallel is the lack of a mechanical link between wheels 

and combustion engines. The combustion engine can operate 

efficiently and constantly. Due to this, it's better for in city 

traffic [16]. 
 

Fig. 6. Series system [21]. 

 

The hybrid technology in cars was first introduced in 

1990s and the first mass production was done by Toyota 

Prius in 1997. Although hybrid motorbikes are under 

manufacturing but the research is still going on for the hybrid 

motorbikes. 

C. Advantages and Disadvantages 

The advantages of hybrid are as follow: 

 Hybrid engines are environment friendly as they run 

cleaner and have better gas mileage. 

 Hybrid engines are supported by many credits and 

incentives which make them financially cheap and 

economical. 

 Hybrid vehicles are cleaner and have lesser fuel 

consumption, thus less fuel is required which in 

return decreases carbon and greenhouse gases 

emission. 

 Brake systems are designed in such a way that 

whenever a brake is hit a current is produced which 

helps in charging the battery. 

 Hybrid vehicles are usually made up of light 

materials thus decreases energy requirements. 

The Disadvantages are as follow: 

 It has lesser power than a single-engine bike, as the 

hybrid is twin powered where combustion engine is 

the primary source and has lesser space thus it‟s 

suitable for driving in city and not for speed racing. 

 Maintenance of a hybrid car is expensive as two 

engines are present and expert mechanics are 

required for service. 

 Presence of high voltage batteries can be dangerous 

and fatal in case of an accident [22]. 

 

IV. DISCUSSION  

By comparing both motorbikes, it can be seen that the 

hybrid has more advantages over fuel injection motorbikes, 

as the hybrid is a green product and contributes less towards 

carbon and greenhouse gases emission [23]. The result is 

based on paperwork and not examined practically as hybrid 

motorbikes are still under process and haven't been fully 

produced or tested. The data and statistics of hybrid cars are 

used to conclude for hybrid motorbikes. 

Fig. 7 compares the mpg (miles per gallon) of hybrid, 

diesel, and petrol-based cars. The figure clearly shows that 

hybrid mpg in city/town is twice of petrol and diesel-based 
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cars, whereas on the highway it's almost the same. This 

shows that hybrid engines are beneficial for city use only and 

not efficient for long drives. The motorbikes are usually used 

for in-city rides and small distances and people usually avoid 

using bikes for longer travel. In such a case, hybrid ride can 

be very effective as they are twice efficient for city travel in 

comparison on highways. So, the average mpg for hybrid 

motorbikes will surely be higher than the average mpg of 

hybrid cars. 
 

 
Fig. 7. Comparison of mpg of hybrid, petrol, and diesel car [24]. 

 

Same as fuel consumption the carbon emission of the 

hybrid motorbike can also be concluded on basis of the 

hybrid car. Fig. 8 shows the annual emission of different 

engine vehicles in the United States. The Fig. 8 shows a 

visible difference between hybrid and gasoline and it can be 

seen from the figure that emission from gasoline is twice 

what hybrid cars emit. To be precise, hybrid emits 6258 

pounds of CO2 equivalent whereas gasoline emits 11435 

pounds of CO2 equivalent [25]. Considering these results, we 

can assume that hybrid motorbikes will also have the same 

difference in carbon emission from fuel injection motorbikes. 

As bike's size and weight is lesser than cars, and it usually 

ranges between 70-300 CC, the carbon emission will surely 

decrease by a larger factor [26].  
  

 
Fig. 8. Emissions per vehicle in the U.S. [25]. 

 

V. CONCLUSION 

From the discussion, it is concluded that a hybrid 

motorbike is better than a fuel injection motorbike, the 

mechanical structure is efficient and fuel consumption is 

lesser. Less fuel consumption means both fuel requirement 

and carbon emission, both will decrease. Moreover, due to 

battery and storage of energy, hybrid engine can be very 

useful in case of an emergency, as when fuel exhausts, 

battery can play a vital role. Two different engines in hybrid 

vehicle can increase the efficiency and decrease the chances 

of car breakdown, as while one engine stops working the 

other will cover its load. 

Introducing and producing hybrid motorbikes would help 

fight against carbon emission and decreases the usage of 

fossil fuels as there's an urgent need of managing fuel and 

carbon-related issues to make our future sustainable. Fossil 

fuels are expected to finish by end of this century, after which 

the world has to switch to a renewable source of energy, so 

it's better to start shifting. Hybrid bikes would play an 

important role in the fight against carbon emission in Asia, as 

stated earlier handsome amount of people use bikes in Asia 

for traveling, and with the introduction of hybrid bikes the 

emission would drop by a huge factor and would surely 

support Asia towards a pollution-free continent.  

CONFLICT OF INTERTEST 

The authors declared no conflict of interest. 
 

AUTHOR CONTRIBUTION 

The contribution of the authors‟ is this work is stated 

below 
 

 Author 

1 

Author 

2 

Author 

3 

Author 

4 

Author 

5 

Author 

6 

Data 

Collection 

      

Designed the 

Analysis  

      

Contributed 

data or 

analysis tools 

      

Interpretation 

of data 

      

Drafting the 

article 

      

Critical 

revision of 

the article 

      

Final 

revision  

      

REFERENCES 

[1] Bicyclehistory.net. (May 16, 2021). Motorcycle Timeline — Evolution 

of Motorcycles. [Online]. Available: 

http://www.bicyclehistory.net/motorcycle-history/motorocycle-timelin

e/  

[2] G. Daimler. (May 10, 2021). Encyclopedia Britannica. [Online]. 

Available: https://www.britannica.com/biography/Gottlieb-Daimler  

[3] D. Saha, “Impact of marketing channel and promotion strategies on 

adoption of synthetic lubricants by two-wheeler motor vehicle users: a 

study in select cities of Maharashtra,” ICFAI-University Jharkhand 

Ranchi, 2015. 

[4] N. Bano, M. Aziz, U. Ghani, M. Taha, and H. Ahmed, “Automatic 

book scanner,” in IOP Conf. Series: Materials Science and 

Engineering, 2018, p. 417, doi: 10.1088/1757-899X/417/1/012032. 

[5] T. Younas, N. N. Ali, M. J. Iqbal, and N. Bano, “CPRF and its uses in 

modern day technologies,” 2018. 

[6] J. Aderhold, H. Ritchie, and M. Roser, “CO2 and greenhouse gases 

emissions,” May 2017. 

[7] J. Hansen, R. Ruedy, M. Sato, and K. Lo, “Global surface temperature 

change,” Rev. Geophys., vol. 48, no. 4, 2010, 

doi:10.1029/2010rg000345. 

[8] J. Jones, “Technical note: Total amounts of oil produced over the 

history of the industry,” Int. J. Oil, Gas Coal Technol., vol. 2, no. 2, p. 

199, 2009, http://dx.doi.org/10.1504/ijogct.2009.024887. 

[9] The United States Environmental Protection Agency (EPA). (2021). 

Inventory of U.S. Greenhouse Gas Emissions and Sinks. [Online]. 

Available: 

https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emis

sions-and-sinks 

International Journal of Environmental Science and Development, Vol. 13, No. 5, October 2022

198



  

[10] J. A. Ghani, “The emerging middle class in Pakistan: How it consumes, 

earns, and saves,” 2017. 

[11] A. Hamza, “No title,” Daily Times, 2018. 

[12] V. Harantová, Z. Otáhalová, and M. Kasanický, “Estimation of fuel 

consumption based on data from opening fuel injector valve,” Transp. 

Res. Procedia, vol. 40, pp. 236–243, Jan. 2019, doi: 

10.1016/J.TRPRO.2019.07.036. 

[13] V. A. W. Hillier and F. W. Pittuck, “Fundamentals of motor vehicle 

technology,” p. 592, 1972. 

[14] B. Liu, Y. Li, F. Han, Q. Qiao, and J. Li, “Method and system for 

testing the working characteristics of vehicle fuel injector,” Recent 

Patents Mech. Eng., vol. 14, no. 1, pp. 63–74, Jun. 2020, doi: 

10.2174/2212797613999200607180109. 

[15] S. P. Mullen and N. Oldsmar, “Harley davidson motorcycle fuel 

injection,” 2008.  

[16] V. Rievaj, J. Vrábel, F. Synák, and L. Bartuška, “The effects of vehicle 

load on driving characteristics,” Adv. Sci. Technol. Res. J., vol. 12, no. 

1, pp. 142–149, Mar. 2018, doi: 10.12913/22998624/80896. 

[17] O. A. Odunlami et al., “The effect of air-fuel ratio on tailpipe exhaust 

emission of motorcycles,” Fuel Commun., p. 100040, Nov. 2021, doi: 

10.1016/J.JFUECO.2021.100040. 

[18] K. Więcławski, J. Mączak, and K. Szczurowski, “Electric current as a 

source of information about control parameters of indirect injection 

fuel injector,” Eksploat. i Niezawodn., vol. 22, no. 3, pp. 449–454, 

2020, doi: 10.17531/EIN.2020.3.7. 

[19] Y. Y. Wu, C. Duan, K.-X. Hong, H.-C. Tsai, and J. C. Hoff, “Design, 

modeling and development of a serial hybrid motorcycle with HCCI 

engine,” Adv. Automob. Eng., vol. 2, no. 2, 2013. 

[20] U. Kantute, N. N. Deshmukh, and S. H. Kulkarni, “Comparative study 

of hybrid vehicles,” in Proc. International Conference on Emerging 

Research and Advances in Mechanical Engineering, 2009, pp. 

600–066. 

[21] R. Takata, “Hybrid electric vehicles,” 1999.  

[22] J. Kapusta and A. Kalašová, “Motor vehicle safety technologies in 

relation to the accident rates,” Commun. Comput. Inf. Sci., vol. 531, pp. 

172–179, 2015, doi: 10.1007/978-3-319-24577-5_17. 

[23] N. Bano, T. Younas, F. Shoaib, D. Rashid, and N. Jaffri, “Plastic: 

Reduce, recycle, and environment,” Environmentally-Benign Energy 

Solutions, SPRINGER, pp. 191–210. 

[24] O. Trebilcock. Family cars tested: Should you get petrol, diesel or 

hybrid? [Online]. Available: 

https://www.which.co.uk/news/author/otrebil/ 

[25] U.S. Department of Energy, “Alternative fuels datacenter, emissions 

from hybrid and plug-in electric vehicles,” 2016. 

[26] C.-H. Yu, C.-Y. Tseng, and S.-C. Chuang, “Evaluation of fuel 

economy and emissions reduction for a motorcycle with automatic 

idling-stop device,” J. Energy Resour. Technol., vol. 136, no. 2, Apr. 

2014, doi: 10.1115/1.4026914. 

 

Copyright © 2022 by the authors. This is an open access article distributed 

under the Creative Commons Attribution License which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original 

work is properly cited (CC BY 4.0). 

 

 

N. Bano was born in Karachi, 1986. She has done 

graduation in electronics engineering from Sir Syed 

University of Engineering and Technology, Karachi, 

Pakistan in 2008 followed by the masters in 

microsystem design from NED University of 

Engineering and Technology, Karachi, Pakistan in 

2012. Her research interests are 

micro-electromechanical system, high speed devices 

and sustainable energy. 

She has been associated with the education sector since 2010. Currently, 

she is working as assistant professor at SZABIST, Karachi, previously she is 

associated with Alighar Institute of Technology (AIT), Karachi.  

Ms. Bano is member of Pakistan Engineering Council (PEC) and American 

Society of Mechanical Engineers (ASME). 

 

T. Younas was born in Rawal Pindi, 1984. She has 

done graduation in mechatronics engineering from 

EME, NUST, Rawal Pindi, in 2006 followed by the 

masters in industrial manufacturing and engineering 

management from PNEC, NUST Karachi in 2014. Her 

research interests are materials, renewable energy and 

robotics 

She has been associated with the education sector 

since  2008.   Currently, she   is   working   as   assistant  

professor at SZABIST, Karachi, previously she is associated with COMSAT, 

Lahore. Before associating with the education sector, she is associated with 

the industrial sector.  Her research interests include renewable energy, 

sustainable production and automation. 

Ms. Younas is member of Pakistan Engineering Council (PEC), Institute of 

Engineering Pakistan (IEP), Engineers Australia (EA) and American Society 

of Mechanical Engineers (ASME). 

 

 

U. A. Khan was born in Karachi Pakistan, 1996. He 

has done graduation in mechanical engineering from 

DHA Suffa University, Karachi, in 2018 followed by 

micromasters in supply chain management from MIT, 

USA in 2020, currently doing his MSc in artificial 

intelligence and data science. His research interests 

are materials, renewable energy and data science. He 

has been associated with the education sector since 

early 2021.  He  worked as Junior lecturer with Szabist  

University, Karachi. Before associating with the education sector, he is 

associated with industrial sector. His research interests include renewable 

energy, sustainable production and product development. Mr. Uzair is 

member of Pakistan Engineering Council (PEC). 

 

 

A. T. Durrani was born in Pakistan, city Karachi on 

July 04, 1999. He was graduated in bachelors of 

mechatronics engineering from Shaheed Zulfiqar Ali 

Bhutto Institute of Science and Technology. His final 

year project was Plant Incubator 4.O. His incubator 

helps to find optimal conditions for plant growth. He 

has done internships at „National Food Limited- a 

food  manufacturing  industry  where  he  worked on a  

project of energy management. He identifies many ways to minimize the 

usage of energy. He has also done his internship at Al-Nafay Solutions-a 

software house where he worked on graphic designing and Website 

development. He also joined Rotaract Club for social activities. He was also 

member of American Society of Mechanical Engineers from 2018-2019. 

 

 

S. Muhammad H. Zaidi was born on November 26, 

1997. He is a master‟s student in supply chain 

management and logistics in Leeds Beckett 

University. He has a bachelor‟s degree in 

mechatronics engg. from Shaheed Zulfiqar Ali Bhutto 

Institute of Science and Technology Karachi Campus 

2021. His research interests include IoT machine 

learning,   mechanical   machine  design and industrial  

programming. 

 

 

M. R. Khalid was born in Pakistan. Capital city 

Islamabad on June 18, 2001. Currently he is in 3rd 

year of bachelors in mechatronics engineering from 

Shaheed Zulfiqar Ali Bhutto Institute of Science and 

Technology Karachi Campus 2021. He has done 

internship at 'Signaxes'- a leading Pharmaceutical 

based Engineering Company. His research interest 

includes Aerial robotics and aerospace sector. 

 

 

 

 

International Journal of Environmental Science and Development, Vol. 13, No. 5, October 2022

199

https://creativecommons.org/licenses/by/4.0/

