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Abstract 

 

Food carts have been in our society since the 1950s. They are used by most of the lower-class 
members of the community as a source of income. The first ones were designed as push carts 
which required much effort by the vendor in pushing. Later, in the 1990s Tricycle carts were 
introduced to create ease for the vendor. However, when the vendor has to move to higher 
ground, he again has to push the tricycle to cover the distance. To further eliminate human effort 
these carts were integrated with motorbikes. Motorbikes are uneconomical due to rising fuel 
prices and are also contributing to pollution. To address these issues, we propose a solution that 
will be economical and environmentally friendly. The prototype (tricycle cart) will be driven by 
an electric motor making it an Electric Tricycle, an environment-friendly model.  
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Chapter 1 Introduction 

This chapter discusses the introduction and background and a brief overview of the problem 
which we are going to solve. 

1.1 Introduction and Background 

The history of food carts goes back to the 1950s. [1] The individuals to use this care were and are 
still known as “Thailay Wala”. They were the first ones to use these carts as a source of income. 
Be they “gol gappay” or ice-cream vendors, food carts have been part of our culture for over 
seven decades. The introduction of Wall’s ice-cream tricycles in the 90s [2] further revolutionized 
the food cart industry. 

The food carts were first introduced as push carts. The vendor had to push carts to cover the 
required distance to earn his daily bread. Clearly, this method requires a lot of effort from the 
individual. This increases the stress on the health of the individual who has to push heavy weights 
for long periods of the day over several years. Later tricycle carts were brought into the field 
which required pedaling. Pedaling somewhat reduces the effort of pushing but a major problem 
arises when the vendor has to drive to higher ground. Now pedaling, being more strenuous, the 
vendor has to push the tricycle cart again to cover the required distance. This fails the purpose 
of the tricycle cart. To further reduce the human effort in driving these carts, bike carts were 
introduced. A motorcycle was integrated into the front end of the cart. As fuel prices are 
increasing day by day, and prices of motorcycles are also rising making bike carts highly 
uneconomical. There is another problem, these motorcycles are a source of carbon emissions as 
well as noise pollution and thus are not friendly to the environment. “The average motorcycle is 
10 times more polluting per mile than a passenger car, light truck or SUV”. [3] Due to these 
reasons more and more tricycles and push carts have been seen on the road. 

Keeping all these problems in mind, we have developed the prototype of an electric tricycle cart. 
The cart will be driven by pedaling as well as with an electric vehicle mechanism thus making it a 
Hybrid Tricycle. This will be a more economical and environment-friendly solution as compared 
to bike carts. [4] This will enable the vendor to cover more distance with less human effort which 
is the main motivation for selecting the project. 

1.2 Problem statement 

Tricycle carts have been in our society since the 90s. These tricycle carts required pedaling which 
is better than push carts which were introduced back in the 1950s. A major problem arises when 
the vendor has to drive the tricycle cart up a hill. The vendor has to stop paddling and push the 
cart to cover higher grounds. Moreover, to reduce this effort, motorcycles were integrated into 
the cart but due to rising fuel prices, it is getting uneconomical day by day. These bike carts are a 
source of carbon emissions and noise, making them unfriendly to the environment. Our solution 
to it is to make the cart electric. 
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1.3  Literature review 

Tawalbeh. [5] proposes a novel solar-powered portable car shade to eliminate the obstacles 

people faced while trying to find a shaded parking spot in the UAE, especially during summer. 

The proposed system aims at providing the needed car shading along with a power source to 

operate lights, electric stoves, and to charge power banks, in particular, during camping. The 

implementation of this project should decrease the petrol used for air conditioning and produce 

extra power to operate auxiliary appliances. 

Kumar et al. [6], performed experimental studies on Electric Bike which has an alternative source 

of battery-operated cycle. They found that the design of E-bike was more efficient than normal 

bicycle. Electric bike was the hybridized so it was electrically operated and also pedal operated. 

Mahadik et al. [7], introduce the concept of electric bike. He converted the normal bicycle in to 

electrical one with an innovative approach. Charging of battery was provided by three ways i.e., 

by means of wall charging, solar charging, and by mechanical pedal. Main focus of the concept 

was on system architecture, operational concept and battery management. 
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Chapter 2 Solution Design & Implementation 

This chapter discusses the complete design and implementation of the proposed cart. Section 
2.1 discusses the block diagram and module specifications. The details of the flow chart are 
presented in section 2.2 whereas, Section 2.3 discusses the simulation model implemented in 
Proteus. Section 2.4 discusses the RFID security system for cart safety, whereas, Section 2.5 
discusses the output values of the remaining charge of the battery. Section 2.6 discusses the 
application for tracking the location of the cart and nearby battery stations for replacing the 
draining battery. The hardware implementation is presented in Section 2.7. 

 

Figure 2.1 shows the complete block diagram of the project. The details of each block with 
related technical specifications are discussed below. 

 

Figure 1: Block diagram of the mechanical system 

2.1  Block Diagram 
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Figure 2: Block diagram of the RFID system 

System Specifications 

In this block diagram, we have shown the solar panel which will provide the desired voltage to 
the battery, The solar powered system will be at the charging stations. The motor controller is to 
take all the inputs from all the electric components (throttle, speed sensor, display, battery, 
motor, etc.) and then determines what should be signaled in return to them (motor, battery, 
display). The motor speed will be controlled by the throttle input. The braking system of the cart 
will be mechanical and we can use the pedal whenever needed. For the battery security we have 
added an Rfid based security system. It will be normally closed and when replacing the battery, 
the specific Rfid tag will be used to open the lock. 

 

Figure 2.3 shows the complete flow chart of the project. The details are discussed below. 

2.2  Flow Chart 
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Figure 3: Flow chart of project 

The Display will show all the values (Battery charging and Voltage). There are a number of Battery 
replacement stations from where charged battery will be replaced with discharged battery. The 
motor when turned ON will move the cartwheel and the speed of the motor will be controlled 
through the throttle (max speed 15km/h). When we have to stop the rotation of the wheel, we 
can apply the mechanical brake. 

 

The simulated model implemented in Proteus has a running motor circuitry 

The motor is controlled by the duty cycle. As the duty cycle increases the speed of the motor 
will increase and vice versa. 

2.3  Proteus Simulation 



Chapter 3: Results and Recommendations 
 

14 | P a g e  
 

 

Figure 4: Simulated model of the project 

The results obtained from the proteus simulation are enumerated in table 2.1 

S. No Duty Cycle (%) Speed (rpm) 

1. 49 1170 

2. 67 930 

3. 94 1230 

Table 1: Results obtained from simulation of the proteus model 

2.4  RFID Security System for the Cart 

 

Figure 5: RFID system for the cart 
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2.5  Displaying Output Values for Remaining Battery Charge 

 

 

 

 

 

 

 

 

 

 

 

2.6  Application for Tracking Location of the Cart and Nearby Battery Stations 

We can add a new way point which will make a new pin on the map (blue) also the red map pin 
shows the location of charging stations and rider can also search for nearest station using the 
nearest station button. The data is then saved in the database which can be later accessed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Output values for remaining battery charge 

Figure 7: Application tracking the location of the cart and nearby battery stations 
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2.7  Hardware Implementation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 8: Designed prototype 
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Chapter 3 Results and Recommendations 

In this chapter, we’ll show the calculations which prove that our electric cart is better in many 
ways than fuel carts. Section 3.1 discusses the calculations were done for proving that electric 
bikes are cheaper than the gasoline bikes over the period of 25 years. Then to prove it is 
environment friendly we have to show that less carbon emissions occur from electric bikes as 
compared to conventional gasoline bikes. 

 

Gasoline Bikes: 

Honda CD-70 price = 106,900 𝑃𝐾𝑅 

The average distance covered daily = 35 𝑘𝑚 

Distance covered in 25 years = 35 × 330 × 25 = 288,750 𝑘𝑚 

Bike engine price = 12,500 𝑃𝐾𝑅, it is replaced every 8-10 years, so it will be replaced twice. 

Engine replacement future price (1st replacement) = 𝐹 = 𝑃(1 + 𝑖)𝑛 

= 12,500(1 + 0.095)8 = 25,835 𝑃𝐾𝑅 

Engine replacement future price (2nd replacement) = 𝐹 = 𝑃(1 + 𝑖)𝑛 

= 12,500(1 + 0.095)16 = 54,000 𝑃𝐾𝑅 

Where 𝑖 = 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑖𝑛 𝑃𝑎𝑘𝑖𝑠𝑡𝑎𝑛 = 9.5%. [8] 

Oil change price for CD70 = 700 𝑃𝐾𝑅 

Oil needs to be changed after every 2000 miles i.e., after every 4 months. 

So, oil will change 3 times in a year. 

Oil change in a year = 700 × 3 = 2100 𝑃𝐾𝑅 

So, total oil change in 25 years = 𝛴[2100(1 + 𝑖)𝑛] = 191,608 𝑃𝐾𝑅 

Where 𝑖 = 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑖𝑛 𝑃𝑎𝑘𝑖𝑠𝑡𝑎𝑛 = 9.5% and n varies from 0 to 24 indicating number of 
years. 

Air filter price = 150 𝑃𝐾𝑅 

3.1 Economic Comparison of Gasoline and Electric Bikes 
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Air filter changes after every year. 

So, total air filter changes in 25 years = 𝛴[150(1 + 𝑖)𝑛] = 13,678 𝑃𝐾𝑅 

Where 𝑖 = 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑖𝑛 𝑃𝑎𝑘𝑖𝑠𝑡𝑎𝑛 = 9.5% and n varies from 0 to 24 indicating number of 
years. 

The fuel average for CD70 = 50
𝑘𝑚

𝐿
 

Total liters used in 25 years =
288,750

50
= 5,775 𝐿 

Petrol price today = 215
𝑃𝐾𝑅

𝐿
 

Petrol price is increasing day by day. 

So, petrol price for 5,775 L = 5,775 × 215 = 1,241,625 𝑃𝐾𝑅 

Now, total price in 25 years = ( 𝐶𝐷70 + 𝑃𝑒𝑡𝑟𝑜𝑙 + 𝐸𝑛𝑔𝑖𝑛𝑒 𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 + 𝑂𝑖𝑙 𝑐ℎ𝑎𝑛𝑔𝑒 +
𝐴𝑖𝑟 𝑓𝑖𝑙𝑡𝑒𝑟 𝑐ℎ𝑎𝑛𝑔𝑒) 𝑃𝑟𝑖𝑐𝑒 

= 106,900 + 1,241,625 + 25,835 + 54,000 + 191,608 + 13,678 = 1,632,746 𝑃𝐾𝑅 

Price per km =
𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑖𝑐𝑒

𝑇𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑐𝑜𝑣𝑒𝑟𝑒𝑑
=

1,632,746

288,750
= 5.65

𝑃𝐾𝑅

𝑘𝑚
 

So, a gasoline bike costs 𝟓. 𝟔𝟓 𝑷𝑲𝑹 for 𝟏 𝒌𝒎. 

Electric Bikes: 

DC Motor has a lifetime of 10000 hours, so it is repaired every 10 years approximately. [7] 

So, computing the Future Price of the motor in 25 years. 

Motor Future Price (After 10 years) = 𝐹 = 𝑃(1 + 𝑖)𝑛 

= 15,000(1 + 0.095)10 = 37,173 𝑃𝐾𝑅 

Motor Future Price (After 20 years) = 𝐹 = 𝑃(1 + 𝑖)𝑛 

= 15,000(1 + 0.095)20 = 92,124 𝑃𝐾𝑅 

Where 𝑖 = 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑖𝑛 𝑃𝑎𝑘𝑖𝑠𝑡𝑎𝑛 = 9.5% 

The lifetime of a lithium-ion battery if taken care of is 5 to 6 years. [9] 

So, we find the Future Price of the battery in the next 25 years. 

Future Price of Battery (After 6 years) = 𝐹 = 𝑃(1 + 𝑖)𝑛 

= 55,000(1 + 0.095)6 = 94,808 𝑃𝐾𝑅 
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Future Price of Battery (After 12 years) = 𝐹 = 𝑃(1 + 𝑖)𝑛 

= 55,000(1 + 0.095)12 = 163,430 𝑃𝐾𝑅 

Future Price of Battery (After 18 years) = 𝐹 = 𝑃(1 + 𝑖)𝑛 

= 55,000(1 + 0.095)18 = 281,719 𝑃𝐾𝑅 

As we’ve shown that the proposed budget in Table 3.1 that it is 115000 PKR 

Total Price = 𝐵𝑢𝑑𝑔𝑒𝑡 + 𝐹𝑢𝑡𝑢𝑟𝑒 𝑃𝑟𝑖𝑐𝑒 𝑜𝑓 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 + 𝐹𝑢𝑡𝑢𝑟𝑒 𝑃𝑟𝑖𝑐𝑒 𝑜𝑓 𝑀𝑜𝑡𝑜𝑟 

= 115,000 + 37,173 + 92,124 + 539,957 = 784,254 𝑃𝐾𝑅 

Distance covered for an average speed of 7 km/h in 5 hours 

= 5 × 7 = 35 𝑘𝑚 

Distance covered in 25 years = 35 × 330 × 25 = 288,750 𝑘𝑚 

Price per km =
784,254

288,750
= 2.71

𝑃𝐾𝑅

𝑘𝑚
 

So, an electric bike cost 𝟐. 𝟕𝟏 𝑷𝑲𝑹 for 𝟏 𝒌𝒎. 

Comparison: 

Factor = 1 −
𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑘𝑚 𝑓𝑜𝑟 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝐵𝑖𝑘𝑒

𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑘𝑚 𝑓𝑜𝑟 𝐺𝑎𝑠𝑜𝑙𝑖𝑛𝑒 𝐵𝑖𝑘𝑒
 

= 1 −
2.71

5.65
= 0.52. 

So, we see that electric bike is 52% better than gasoline bike in terms of economy. 

Budget: 

We have proposed the following budget for the companies: 

S. No Items Price/Unit (PKR) Units Price (PKR) 

1. Tricycle Cart 40,000 1 40,000 

2. 48V 500W DC Motor Kit 15,000 1 15,000 

3. 48V 50Ah Lithium-Ion Battery 55,000 1 55,000 

4. Others 5,000 1 5,000 

 The total cost of the project 115,000 

Table 2: Proposed budget 
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But we got the budget approved for the lead acid battery and the funding is given by Ignite 
National Technology Fund. 

S. No Items Price/Unit (PKR) Units Price (PKR) 

1. Tricycle Cart 40,000 1 40,000 

2. 48V 500W DC Motor Kit 15,000 1 15,000 

3. 48V 7Ah Lead-Acid Battery 20,000 1 20,000 

4. Others 5,000 1 5,000 

 The total cost of the project 80,000 

Table 3: Actual budget 

3.2 Comparison of Carbon Emissions by Gasoline and Electric Bikes 

Shifting bikes to electric will help reduce CO2 in the atmosphere. Now let’s have a deep look at 
how much CO2 is reduced. 

CO2 Emissions by Gasoline Bikes: 

World CO2 emissions in 2020 = 35500 million tonnes. [10] 

Total CO2 emissions by Pakistan in 2020 = 234.75 million tonnes. [11] 

That is about 0.67% of global CO2 emissions. 

25.6% of CO2 emissions in Pakistan are through the transport sector. [12] 

So, total CO2 emissions by the transport sector in Pakistan 

= 234.75 × 25.6% = 60 million tonnes. 

Total Vehicles in Pakistan according to 2020 = 6,628,063. [13] 

So, CO2 emissions =
60,000,000

6,628,063
= 9 tonnes/vehicle (lifetime). 

Total number of bikes in Pakistan = 4,838,486. [14] 

Total CO2 emissions by bikes = 4,838,486 × 9 = 43.54 million tonnes. 

This means that gasoline bikes emit about 43.54 million tonnes of CO2 into the atmosphere. 

CO2 Emissions by Electric Bikes: 

Electric bikes don’t emit CO2 while running but the manufacturing of lithium-ion batteries, that 
are used in them, may result in CO2 emissions. 
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If the energy source while manufacturing batteries is renewable, then there would not be CO2 
emissions. 

Pakistan imports most of its li-on batteries from China. [15] 

And in China, batteries are manufactured by coal and petroleum i.e., non-renewable sources of 
energy, which results in CO2 emissions. 

Our li-on battery pack =
48V×50Ah

1000
= 2.4 kWh. 

CO2 emissions in manufacturing li-on batteries = 0.14 tonnes/kWh. [16] 

So, for a 2.4 kWh battery, CO2 emissions = 0.14 × 2.4 = 0.336 tonnes. 

Now, for all bikes in Pakistan, CO2 emissions 

= 0.336 × 4,838,486 = 1,625,731 tonnes. 

So, total CO2 emissions in the manufacturing of li-on batteries for Pakistan would be about 1.62 
million tonnes. 

Comparison: 

Factor = 1 −
CO2 Emissions by Electric Bikes

CO2 Emissions by Gasoline Bikes
= 1 −

1.62 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑡𝑜𝑛𝑛𝑒𝑠

43.54 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑡𝑜𝑛𝑛𝑒𝑠
= 0.96. 

So, we see that electric bikes are 96% more better than gasoline bikes in terms of CO2 emissions. 

Global Impact: 

It will save the atmosphere from 43.54 − 1.62 = 41.92 million tonnes of CO2. 

So, total CO2 emissions from Pakistan after switching bikes to electric 

= 234.75 − 41.92 = 193 million tonnes. 

Global CO2 emissions share from Pakistan would get to =
193 million tonnes

35000 million tonnes
= 0.54%. 

Which is very less than the current global share of 0.67%. [11] 

3.3 Product Commercialization / Future Work 

It is not a product but rather a solution that will be proposed to the companies. We have removed 
the regenerative braking and the cost can be replaced by upgrading the battery. There will be 
different battery charging stations around the map from where we can replace the battery of the 
tricycle cart. We can monitor the charging, location, range, and time traveled on the cart through 
a mobile application. Mounting the solar panel on the roof can lead to theft and low power 
output so we have proposed the above solution for a better and more efficient working model.  
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Appendix-A: Battery Level, Gear Ratio, Torque and Speed 

 

 

 Full Load Average Load 

Battery Backup 3.6 hr. 7.2 hr. 

Range of the Battery 21 km 42 km 

Discharge Time After 3 hr. After 6 hr. 

Table 4: Battery Level 

 

Gear ratio =
𝑇1

𝑇2
=

14

38
= 0.368 

T1 =  input gear teeth number, T2 = output gear teeth number. So, it has a larger gear 
ratio 

Higher ratios (with a lower numerical value) give better torque/acceleration and vice versa 

The maximum speed measured for our cart with load was 450 rpm. 

Torque (N.m) = 9.5488 𝑥
𝑃𝑜𝑤𝑒𝑟(𝑘𝑊)

𝐴𝑐𝑡𝑢𝑎𝑙 𝑆𝑝𝑒𝑒𝑑(𝑅𝑃𝑀)
 

= 9.5488 𝑥
0.5(𝑘𝑊)

450(𝑅𝑃𝑀)
= 10.61 𝑁𝑚 

 

 

 

 

 

 

 

 

 

 

A-1: Battery Level  

A-2: Gear Ratio, Torque, and Speed  
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Appendix-B: Project Codes 

 

        

 

B-1 Tracking Cart and Stations’ Location 
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B-2 RFID System 
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