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PREFACE 

 

With around 40% of the population still living in off-grid areas, it is quite a challenge 

for Bangladesh as a developing nation to take proper measures to confront this rising 

energy crisis. As a research centre it has been our prime goal to find a solution to this 

problem. Thus began the research on rickshaw, a vehicle available in all the distant 

part of the country and the birth and development of the idea of power conservation 

of electrically assisted rickshaw-vans with PV support and torque sensor pedal took 

place. The aim was to solve the problem of energy crisis in distant areas and in turn 

help contribute in improving the standard of living of the rural population. Hence we 

also have a proposal on the solar battery charging station to incorporate with the 

whole system. 

What began with mere prototypes at the Control & Applications Research Centre 

(CARC) in BRAC University has now been successfully implemented in a pilot project. 

In that regard I would like to take this opportunity to thank Infrastructure 

Development Company Limited (IDCOL) for granting us the fund to run the yearlong 

project in 2015-2016 session on August 2015. Indeed it is a great opportunity for us to 

evaluate the real-life scenario in more details. After the successful implementation and 

field analysis of the manufactured vehicles, the test report has been prepared for 

IDCOL for now. The full report with the full results of analysis of the re -designed 

vehicles and other relevant details will be submitted after completion. All the updates 

in video clips have also been attached and submitted in a CD with this report. 

I hope this report will be a valuable resource to the researchers and policy makers on 

renewable energy not to mention as the students who are interested in this area. 
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Pedal driven Rickshaw-van is a popular mode of transportation in urban and rural 
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Bangladesh. In Bangladesh these non-motorized vehicles have historically created 

employment for the people under the poverty line, at the same time eased the short 

distance door-to-door transportation of people and goods in urban and rural areas for 

the middle income population.  

With time, necessity arose to modernize these vehicles to improve them in terms of 

average speed and reduced physical stress of the driver. Several attempts were made 

by some local companies to renovate the rickshaw design and incorporate a DC motor 

drive using batteries. However, issues with over-speeding and power consumption 

from the national grid institutionally discouraged the step to happen in the country. 

Since then, finding out a solution which would keep the rickshaw speeds under control 

and at the same time would not consume from the national grid became necessary.     

In 2012, BRAC University‟s “Control and Applications Research Centre” took the 

initiative to modernizing the rickshaws with the abovementioned concerns considered. 

The very first project succeeded with a design that included a torque sensor pedal in 

the rickshaw which provided intelligent electrical assist when “needed” by the driver. 

The design consumed almost half the energy than that it would when the motor drive 

was manual, at the same time put an upper-bound on the maximum speed achievable. 

In parallel to this project, CARC also designed a battery charging infrastructure 

incorporating a “Solar Battery Charging Station” using a “battery swapping” method.  

The results of both these projects were promising and it proved worthwhile to go for a 

pilot project to actually evaluate these vehicles under practical conditions. 

Later, several types of these vehicles e.g. the human hauler, the ambulance van and the 

cargo hauler, were prototyped with mechanical designs and features further improved 

for road conditions, including over-the-roof solar panels for direct charging of 

batteries. With five units of each type of vehicle the pilot project ran at Genda, Savar in 

collaboration with BRAC Health Nutrition and Population Programme. CARC Engineers 

and members have been closely working to make the best use of these field test by 

monitoring the tests, taking necessary data, analysing the results and extract useful 

information.     

This report gives an overview of the project, its progress and outcome of the research 

works done in the meantime.   
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CHAPTER 1 

BACKGROUND 
 

1.1 INTRODUCTION TO RICKSHAW-VANS  

Rickshaw vans, in their different types and services, are closely integrated into the  

daily lives of Bangladeshi population. Rickshaws seem to be an ideal transport for 

short distances and narrow lanes in the Bangladeshi cities and suburbs. Since most 

of the road trips are short with average distance of 3.8km [1], rickshaws are 

preferred travel mode by women, children and the older people. Door to door 

alternatives such a three wheeler “baby-taxies” are typically more expensive options 

for lower middle class, and often that option is discarded due to unwillingness of 

taxi drivers to take short range trips. Normally a rickshaw can carry two or three 

passengers excluding the driver. Another type of this muscle-driven three wheeler, 

also known as “van-gari”, is used for school going children and transporting goods 

in cities as well as rural areas as a mode of transport [2]. These have the capacity of 

carrying around six children excluding the driver. These vehicles are completely 

muscle driven. In a situation of lack of planned public transport, rickshaws provide  

route-flexible and economic alternatives to the mid-income families and historically 

became an integral part of the society. Fig 1.1 shows three of the different types of 

traditional rickshaw-vans in action.    

 

 

 

 

 

 

Fig 1.1: Rickshaws with various use as carriers of – school-goers, patients and goods [3] 

[4] 

 

1.2 ATTEMPTS TO MODERNIZING THE TRADITIONAL  

RICKSHAW 

Beevatech Limited is the first professional electric rickshaw manufacturer in 

Bangladesh established in 2001. The company manufactured “Porag Electric Pedicab 

Rickshaw” [5] which eliminated manual labor of Rickshaw pullers. The company 

introduced a steel-body design instead of the traditional wooden structure of the 

rickshaw, capable of housing the battery and motor (Fig 1.2). The model includes 
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48V, 500W brushless DC motor with throttle position sensor (hand controlled) to  

control the motor speed. 

 

Fig 1.2: The Beevatech design of the electric rickshaw  

 

Though gained a lot of public attention and popularity, the government has 

disapproved commercialization of such motorized vehicle due to inefficient speed 

control system and excess consumption of electricity from the already overloaded 

grid [6][7]. Since then, Beevatech has been collaborating with CARC in the 

development of an off-grid, self-dependent, energy saving, and speed-safe electric 

rickshaw which can meet the regulations and see the roads again. The pilot project 

is a consequence of the progress made in the process of developing such a 

rickshaw.    

1.3 THE PILOT PROJECT 

Control & Applications Research Centre (CARC) has developed three different 

prototypes of torque sensor based rickshaw-vans for the field test. The developed 

models are:  

1. Electrically-Assisted Human Hauler with PV Support and Torque Sensor 
Pedal 

2. Electrically-Assisted Ambulance-Van with PV Support and Torque Sensor 
Pedal 

3. Electrically-Assisted Cargo-Hauler with PV Support and Torque Sensor Pedal 
 

The field test with these prototypes as shown in Fig 1.3 were successful considering 

the analysis of the field test data revealed that around 73.6% energy is saved with 

both vehicle-rooftop PV array and torque sensor in the system compared to running 

completely from the grid power. The distance covered has also been increased by 

around three times compared to solely grid sourced rickshaw-vans with no PV panel 

and torque sensor on it. 
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A total of fifteen units of these vans (five units for each type) went through the field 

test. The project has been funded by Infrastructure Development Company Limited 

(IDCOL) and implemented at Genda, Savar in collaboration with BRAC Health 

Nutrition and Population Programme (HNPP). 

 

Fig 1.3: The three prototypes: Human Hauler, Ambulance Van and Cargo Hauler 

1.4 COLLABORATION WITH BRAC HEALTH NUTRITION AND 

POPULATION PROGRAM (HNPP) 
 

For the pilot project to run collaboration took place between BRAC University and 

BRAC Health Nutrition and Population Program (HNPP). CARC instigated this 

collaboration with the primary purpose of serving the BRAC HNPP personnel with 

the vehicles especially the ambulance van at Savar.  

 

The idea was to provide emergency health service to the distant rural population of 

Bangladesh through Ambulance vans. Along with that, the categories of the vehicles 

can also provide service when required. BRAC HNPP authority had tremendous 

interest to our idea and joined in for collaboration. From the time of manufacture 

of vehicles to the end of the pilot project period with IDCOL, BRAC HNPP has 

collaborated with us to run the project near their premises at Savar. Dr. Kao sar 

Afsana, director of BRAC HNPP and Muhammad Sahool Afzal, the Registrar of BRAC 

University signed the Memorandum of Understanding on behalf of their respective 

institutions for the collaboration. 

1.5 Overview 

This chapter 1 has been a brief introduction and background of the pilot project. 

The following chapters provide an extensive report of the processes and outcomes 

of running it. Chapter 2 gives the description of the various implemented designs of 

the vehicles. Chapter 3 talks about the torque sensor implementation which is a 

crucial part of this project. It also provides the detail diagram of the overall system 

as it incorporates the solar panel, motor, batteries and all other accessories. 

Chapter 4 shows the methods and analysis of the three months of field tests done 

on all the developed 15 units of vehicles. Both the technical and quality analysis has 

been presented. Based on the analysis redesigned vehicles for each of the three 

types have been also done. Detailed descriptions of the improved designs have been 
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discussed in chapter 5. Chapter 6 gives the socio -economic impact of the models 

and scopes for commercialization in respect to Bangladesh rural community. 

Chapter 7 gives a short proposal of charging the batteries of the vehicles using 

renewable energy so as give a complete off-grid solution based on implemented 

prototype projects by CARC.  Lastly, chapter 8 concludes the report.   
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CHAPTER 2 

THE DESIGN AND DEVELOPMENT OF THE SOLAR 

RICKSHAW VANS (CASE-1) 
 

2.1 DESIGN AND DEVELOPMENT OF HUMAN HAULERS, 
AMBULANCE VANS AND CARGO HAULERS 

The Researchers at Control & Applications Research Centre (CARC) of BRAC 

University have worked on preparing the final design for the human haulers, 

ambulance vans and the cargo haulers. After going through numerous possible 

designs for all these vehicles, the best possible and the suitable modern design has 

been chosen for the vehicles while taking into the consideration of the weight of the 

vehicles, safety of both drivers and passengers and the outlook of the vehicles 

which can grab the attention of the people.  

 

During the first week of September 2015, the design for the human haulers was 

finalized. All the human haulers (5 units) of exactly identical design were developed 

in a factory located at Uttara. The research team provided sufficient guidance to all 

the workers involved for the manufacture of electrically assisted three -wheeler 

human haulers. Under the constant monitoring of the works at the factory and 

because of close supervision of the research engineers, it was possible to finish 

making all the human haulers by the end of September. The finished human haulers 

were kept inside a garage at Genda, Savar. The garage place at Savar was chosen by 

BRAC because the field tests will be conducted at Savar in the nearby selected areas. 

Within the first week of the October, the ambulance design was made. During the 

next 3 weeks of the month of October, all the ambulance vans (5 units) were made  

at the same factory located at Uttara. These ambulance vans were then transferred 

to the garage at Savar by the end of the 1st week of November. 

 

The design for the Cargo Haulers seemed to be complicated regarding the size and 

the design of the container and whether the vehicles will be three -wheelers or more 

to carry the large amount of goods inside the container. Finally, by the end of the 

second week of the November, the research team has worked together to make a 

final design for the 5 units of Cargo Haulers. Starting from the beginning of the 3 rd 

week of November, the research engineers had supervised all the manufacturing 

works of the workers at the factory while building up the exact design for all the 

cargo haulers. It took nearly 3 weeks to develop all the cargo haulers and each of 

them is looking identical to each other. By the end of the second week of the 

December, all the developed cargo haulers have been sent at the Savar garage. The 

Fig 2.1 shows all the manufactured fifteen units of vans in a field in Savar. 
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Fig 2.1: The 15 units of manufactured vans in a field in Savar 

 
 

2.1.1 ELECTRICALLY-ASSISTED HUMAN HAULER WITH PV SUPPORT AND 

TORQUE SENSOR PEDAL 
 

The research team of CARC developed a design of the human hauler illustrating all 

the components and features that must be included while making the human 

hauler. The Fig 2.2 shows a side view design of the human hauler. 

    

Fig 2.2: The Human Hauler Design 

 

The detailed dimensions of the box and the vehicle are provided in the Table 2.1. 

 

Table 2.1: Dimensions of the Human Hauler 
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Categories Measurements 

Length of the box 66 inches 

Width of the box 48 inches 

Height of the box 52 inches 

Clearance 9 inches 

Frontal Area 57 inches 

Wheelbase 28 inches 

Total Length of the vehicle 123 inches 

Total Height of the vehicle 82.3 inches 

Payload Capacity 6 person (Maximum  480 kg) 

Weight of the human hauler Around 230 kg 

 

2.1.1.1 DEVELOPMENT OF THE HUMAN HAULER DESIGN 

The research team guided the factory workers to carry out all the mechanical 

developments of the human hauler. A group of workers who are expert in welding, 

grinding and cutting were involved to complete building up o f the chassis and the 

box following the accurate measurements of the design. The frame of the chassis 

was built up using the angled steel and precise welding had been done to ensure  

the entire weight of the box can be hold on the chassis without breaking. Steel 

sheets and angled steel were used to build up the seats for the passengers and the 

frame of the box respectively by following the accurate  measurements of the box. 

Fig 2.3 demonstrates the box during the development stage of the human hauler. 

 

Fig 2.3: Structural Design of the box of the Human Hauler 
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After the completion of the structural box frame of the human hauler, it was 

painted uniformly with white colour and left to dry for a couple of days. Remaining 

tasks such as, putting on passenger seats inside the vehicle, attaching transparent 

Velcro strip, and necessary electrical wiring of the motor with the motor controller, 

lights and the brake were completed to make the human hauler ready for the 

carrying out the test run. The same procedure was carried out to develop all the 

human haulers with identical size and colour and same features. Various views of 

the customized rickshaw-van used in our experiment are shown from Fig 2.4 to 2.7. 

 

Fig 2.4: Side-view  

 

Fig 2.5: Front-view 
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Fig 2.6: Back-view  

 

Fig 2.7: Top view 

 

2.1.1.2 KEY FEATURES 

The following Table 2.2 gives the key features of the human hauler. A detailed 

description is provided later. 

Table 2.2: Features of Human Hauler 
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Brushless Dc Motor-750w, 48v  A Throttle 

Motor Controller Unit Emergency Motor Stopper 

Four Sealed Lead Acid Batteries (Each 
12v, 25Ah Connected in Series) 

Main Power Key 

One Head Light at the Front and Two 
Indicator Lights at the Back 

48V Charge Controller and 4 Solar 
PV Panel (Each 100W in Series) 

Back Suspension with Coil Spring 
Shock Absorber  (2 on Each Rear 
Wheels) 

A Traditional Front Brake, an Extra 
Rear Brake & a Hand Clutch 

A Light Inside the Hauler  A Windshield at the Front                

Torque Sensor Pedal and Torque 
Adjuster Circuit 

Axle Type Chassis 

 

A. THE BATTERIES 

Four 12V, 25Ah rechargeable batteries has been connected in series to supply 48 

Volts to the BLDC motor. These are lead-acid batteries used for charging by solar 

panel [8] [9] while the vehicle is in use. Each battery is 16.5 X 17.5 X 12.6 cm in 

dimension. The batteries are placed under both the seats as shown in Fig 2.8. Each 

fully charged battery shows 12.7 volts across their terminals and 50.8 volts after 

connecting those in a series combination.  

 

Fig 2.8: 48V batteries on two sides 

 

 

B. MOTORS 

A 500-550rpm rated brushless DC gear motor of 48V, 700W, 10-13.5A was used in 

the system which is attached with the main frame and is mounted under the seat as 
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shown in Fig 2.9. The rotor of a brushless DC motor (BLDC) has permanent magnets 

and an electronically controlled rotating field stator, using sensors (rotary encoder 

or back-EMF) to detect rotor position. When at rest the brushless motors can 

produce a maximum torque which linearly decreases as velocity decreases. Because  

of their more torque per weight BLDC motors are most suitable for these kinds of 

vehicles. More torque per watt is highly beneficial for this vehicle as it has higher 

torque per watt (increased efficiency), increased reliability, reduced noise, longer 

lifetime (no brush and commutator erosion), elimination of ionizing sparks from 

the commutator, and overall reduction of electromagnetic interference (EMI).  

 

Fig 2.9: BLDC motor 

 

C. THE CONTROLLER BOX 

The manufacturer integrated all the complicated electronics the brushless motor 

needs into a white box [10].  But due to the unavailability of proper resources, the 

controller wires were identified using some online resources, experiments, and 

exploring the connections in the system [11]. Fig 2.10 shows the controller box used 

in our experiment and Fig 2.11 shows identification of the controller cables. 

 
Fig 2.10: Controller box 
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Fig 2.11: Identification of the controller cables  [11] 

 

D. THE THROTTLE 

The BLDC motor used throttle to control the speed of the  motor. A throttle shown 

in Fig 2.12 is a specially designed potentiometer. It has a biasing voltage of 5V 

which is provided by the motor controller unit. Its output voltage depends on the  

angle of the throttle. The output voltage is supplied to the controller. The speed of 

the motor depends on its output voltage. The motor speed increases as the output 

voltage increases. The motor starts when the output voltage is 1.4 volts and when 

the output voltage is 3.5 volt the motor rotate at its maximum speed. 

 

 

Fig 2.12: Throttle 

 

 

E. THE POWER KEY AND CHARGE INDICATOR 
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A power key is used to turn the whole system „on‟ or „off‟ manually in the system. 

The rickshaw-pullers have to turn it on before they can use the throttle to drive the  

motor. It is a mechanism to „short‟ two wires that go directly to the controller unit. 

Normally the wires are open switching „off‟ the whole system. When it is keyed, the 

wires get „shorted‟. 

The charge indicator shown in Fig 2.13 shows the SOC of the batteries from the 

moment it is connected across the 48V batteries. The charge indicator does not 

have a switch. There are three lead lights, when the entire lights glow that indicates 

SOC of the battery is above 66%, when first light goes off it indicates SOC is below 

66%, when second light goes off it indicates SOC is below 33%.  

 
Fig 2.13: Power key and charge indicator 

 

F. THE SOLAR PANEL 

Solar panel in Fig 2.14 is placed at the top of the van on iron frame. Four 100W, 12V 

panels are connected in series that provides 48V to the batteries through the charge 

controller. 

 

Fig 2.14: Solar panel 

G. THE CHARGE CONTROLLER 
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The charge controller in Fig 2.15 is used to ensure efficient charging of system 

battery and also supplying power to the load (which is the motor). While charging 

the battery the charge controller constantly check the current battery state and self-

adjust accordingly to send only the right amount of charge to the battery. There are 

4 terminals in the charge controller “PV+” , “PV-“, “48V+” and “48V-“.The “PV+” and 

“PV-“ terminals were to be connected with the positive and negative terminals of the 

400-Watts Panel. The “48V+” and “48V-” were to be connected across the 48V 

battery terminals. 

 

Fig 2.15: Charge controller 

 

H. THE TORQUE SENSOR 

The torque sensor is a device used to measure and record the torque of a rotating 

system. It needs a biasing voltage of 5 volt from the DC source to operate. As the 

torque increases output voltage increases. The speed of the motor is directly 

proportional to the output voltage. Fig 2.16 shows the torque sensor pedal that has 

been installed in the rickshaw-van. More details about its mechanism is illustrated 

in chapter 3. 

 

 
Fig 2.16: Torque sensor pedal and the sensor module      

 

I. THE BRAKE SYSTEM  
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Traditional hand clutch is used to stop the front wheels. Another hand-clutch is 

placed on the left hand-side shown in Fig 2.17 along the traditional hand-clutch. 

This hand-clutch is used to stop the motor at once. When the hand-clutch is 

released, its returns to its original position and allow the motor to start again when 

needed. A rear wheel brake pedal shown in Fig 2.18 is introduced in the system to 

stop the rear wheels. The rear wheel brake is a mechanical brake similar to 

cantilever brake that helps in stopping the moving central shaft or axle and thus 

stopping the rear wheels. 

 

 

Fig 2.17: Hand-clutch 

 

Fig 2.18: Rear wheel brake 

 

J. THE HANDLE 
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The handle is placed inside the van as shown in Fig 2.19. Handle supports the 

passengers from jerking. 

 

 

Fig 2.19: Handle 

 

 

K. THE LIGHT SYSTEM 

Headlight is placed in front of the van, above the steering as shown in Fig 2.20. It 

helps the driver to see the obstacle at night while driving. Indicator, brake light and 

reflector are shown in Fig 2.21.  Indicator lights are used while taking turns. There  

are 6 indicator lights in the van, two at the back, two at the front, one at left side  

and one at right side. Fig 2.23 shows that left indicator light is on. Brake light is 

used with rear wheel brake. When rear wheel brake is pressed, brake light is on as 

shown in Fig 2.22.  LED 12V, 6Watt light is placed inside the cabin as shown in Fig 

2.24. Reflectors are placed at the back of the van. It glows when light falls on it.  

                
Fig 2.20: Headlight                                       Fig 2.21: Indicator, brake light and reflector 
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            Fig 2.22: Left indicator is on                       Fig 2.23: Brake light is on                                        

 

 

Fig 2.24: Led cabin light 

L. HELICAL SPRING 

The helical spring is installed in the vehicle as shown in Fig 2.25. The helical spring 

is to control the spring and suspension movement. They reduce any jolts and make  

it more comfortable for the patient. 

 
Fig 2.25: Helical Spring 
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The components discussed in this section are all connected as shown in a drive 

train diagram in Fig 2.26. The wiring diagram in the attached APPENDIX A: FIGURE 1 

and FIGURE 2. Extra features such as handle, LED cabin light and reflector are  

added in order to make it much more user friendly. The most significant 

components here in this hybrid rickshaw are PV panel, charge controller and torque 

sensor pedal. A mechanism to reduce battery power consumption is developed with 

the use of torque sensor pedal and PV panel shares load power.  

 

Fig: 2.26: The drive train diagram of the system 

 

 
2.1.2 ELECTRICALLY-ASSISTED AMBULANCE-VAN WITH PV SUPPORT 

AND TORQUE SENSOR PEDAL 
 

The solar electric ambulance van is a full throttle vehicle, manufactured by 

Beevatech Limited. The solar electric ambulance van is made with light steel body 

and an alternate structural engineering from the traditional rickshaw or vans. It is 

equipped for conveying the patient and two attendees as well. The Fig 2.27 shows a 

side view design of the human hauler. 
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Fig 2.27: The Ambulance Van Design 

The detailed dimensions of the box and the vehicle are provided in the Table 2.3. 

Table 2.3: Dimensions of the Ambulance Van 

Categories Measurements 

Length of the box 65 inches 

Width of the vehicle 46.8 inches 

Height of the box 59.5 inches 

Clearance 10 inches 

Frontal Area 56 inches 

Wheelbase & Dimension of the wheel 89 inches & 28 inches respectively 

Total Length of the vehicle 121 inches 

Total Height of the vehicle from the 

ground 
82 inches 

Payload Capacity 3 people (1 patient and 2 attendants) 

Weight of the ambulance van Around 310 kg 

Dimension of side glass window 21 Inch by 14.5 inch 

 

2.1.2.1 DEVELOPMENT OF THE AMBULANCE VAN 
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The development stage of the ambulance design was a very crucial period for all the 

workers and the research engineers of CARC to emulate the exact design with 

precision and accuracy. The weight of the whole ambulance van is much higher 

than the human hauler. This is because the entire box had been made with steel 

sheet and glass windows were used instead of transparent Velcro strip. Angled steel 

were used and welded to make the body frame of the box. Inside the box, space has 

been kept to keep the battery under the seat of both the attendants and the patient. 

A lock system has been done at the front side of the box to ensure e asy battery 

swapping technique just like the human hauler. The box is set up on the three 

wheeler chassis frame as shown in Fig 2.28. The brushless DC motor is mounted on 

the axle of the chassis by welding and a chain is connected with the rotor part of 

the motor and the motor controller to ensure as movement of the wheels of the 

ambulance when the motor starts at the time of pedalling or when the throttle is 

rotated for increasing the motor speed. 

 

Fig: 2.28: The Development of the Ambulance with the Steel Sheet  

After following the design requirements for making the box of the ambulance, it is 

coloured with red and white according to the design rule. The other 3 units have  

been manufactured exactly the same way like the three wheeler ambulances shown 

in the Fig 2.29.  
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Fig 2.29: The three-wheeler ambulance 

 

However, the final 5th unit ambulance van looks different compared to that of the  

three-wheeler ambulance. This is because it has got the van chassis unlike the other 

4 units and it has got a longer axle to add two rear wheels on each side as 

demonstrated in Fig 2.30. For the two rear wheels connected with each other, on 

rear wheel is free and the other is connected with the motor via a chain. In the same 

way, the other two rear wheels have been adjusted for better stability and 

movement. 

 

 
Fig 2.30: Completed five-wheeler Ambulance Van with two rear wheels on each side 
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Various views of the customized ambulance vans for single rear wheel on each side  

are given in Fig 2.31-2.33.  

 

 
Fig 2.31: The side view of the three-wheeler ambulance van 

 

 

 

 
Fig 2.32: The interior of the three-wheeler ambulance van 
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Fig 2.33: The rear view of the ambulance-van 

 

2.1.2.2 KEY FEATURES 

 

The major key features of the ambulance van are similar to that of the human 

hauler. The diagram below highlights them followed by descriptions of few of the 

features that are absent in the human hauler. 

 

Fig 2.34: The key features 
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A.  SIREN 

 

Like all standard engine driven ambulances, the ambulance van had a siren 

with warning lights to distinguish it from other vehicles. In case of 

emergency this can be used to travel with the patient inside just like normal 

ambulances. 

 

 
Fig 2.35: The siren with the warning lights  

 

B. THE INTERIOR ACCESSORIES: FAN, OXYGEN CYLINDER HOLDER AND FIRST AID 

BOX 

 

The interior of the ambulance van is designed to make it suitable for a 

patient‟s necessities. There is a fan above the head side of the patient as he 

lies down. An oxygen cylinder holder is also there to carry it in case of 

requirement. Lastly, there is an in-built box as first aid necessities. The Fig 

2.36 below provides an interior view. 
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Fig 2.36: The interior view  

 

C. THE SPECIAL UNIT WITH DOUBLE REAR WHEEL 

 
The 5th ambulance unit has been designed in a slightly different way 

because it is a five wheeler solar assisted ambulance van. Specifications of 

this unit are different from the three-wheeler ambulance van. A total of 8 

lead-acid batteries have been included instead of 4 batteries, each of 12V and 

25Ah. Ther are also two Brushless DC motor instead of one, each with 500W 

and 48V and 13.5Ah. Fig 2.37 and 2.38 show the rear views and double 

wheeled axle. The skeletal diagram of the newly adopted design five-wheeler 

ambulance van is shown in the Fig 2.39. 

 

However, other features of this ambulance unit are same as the three -wheeler 

ambulance unit. A different design with more number of wheels has been 

done to find out and analyze the performance of two different types of 

ambulance in terms of their stability while they will be running on the roads 

at Savar. 

                              

 
Fig 2.37: Rear View of the ambulance van with dual rear-wheels 

 



 

26| P a g e  
 

 
Fig 2.38: The double rear wheels in longer axle 

 
Fig 2.39: The skeletal diagram of the double rear wheeled ambulance van 
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2.1.3 ELECTRICALLY-ASSISTED CARGO HAULER WITH PV SUPPORT AND 

TORQUE SENSOR PEDAL 
 

The cargo hauler has been designed in a different way compared to that of human 

hauler and ambulance van. The back view design of the five wheeler cargo hauler is 

shown in Fig 2.40. The upper portion of the container has been painted with navy 

blue color and the lower portion with white as presented. The detailed dimension of 

the box is given in the Table 2.4. 

 

                     

 
        Fig 2.40: Cargo Hauler back view design  

 

Table 2.4: Dimensions of the Cargo Hauler 

 

Categories Measurements 

Length of the cargo box 63.6 inches 

Width of the cargo box 45.6 inches 

Height of the cargo box 55.4 inches 

Clearance 9.5 inches 

Frontal Area 56.5 inches 

Wheelbase 89 inches 

Total Length of the cargo hauler 120.5 inches 

Total Height of the cargo from the 

ground 

78.4 inches 

Payload Capacity Maximum  450 kg 

Weight of the cargo hauler Around 300 kg 

 

2.1.3.1 DEVELOPMENT OF THE CARGO HAULER DESIGN 
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The development of the container with the steel sheet in such a way to emulate the 

exact design of the cargo hauler has been a difficult challenge for the workers at the 

factory. Unlike the design of the ambulance box with plain sheet, the container has 

to be built with a particular designed steel sheet such that some portion of the steel 

sheet has remained inwards while others have been kept inwards. The Fig 2.41 

shows the developed container using the custom made designed steel sheets. 

 

 
Fig 2.41: Cargo Hauler-Container 

 

The container has been built up in this way so that the cargo hauler looks exactly 

like the traditional cargo vehicles that are used to deliver goods from one place to  

the other. Workers have worked precisely and accurately for a couple o f weeks, 

starting from the late November to build up all the 5 cargo hauler units based on 

the required design made by the research team of CARC. The inside view of the 

Cargo Hauler is shown in the Fig 2.42 below. Sufficient spaces have been allocated 

inside the container for the swapping of the batteries. 

 
Fig 2.42: Inside view of the Container of the Cargo Hauler after coloring 

The chassis frame for the cargo haulers (4 units) with five wheels has been 

developed. Fig 2.43 illustrates two rear wheels on each side connected with two 

hubs and a longer axle. The diagram also shows the drum brake system at the back 
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side of the chassis. Fig 2.44 displays the sideways view of the containers for the 

cargo haulers after it has been painted with navy blue and white color. 

 

 

Fig 2.43: Cargo Hauler Chassis  

    
Fig 2.44: Sideway View of the Container for the Cargo Hauler 

 

The end result with various angle views of the cargo is given below in Fig 2.45-2.47. 
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Fig 2.45: The side view of cargo hauler 

 

 
Fig 2.46: The back view of cargo hauler 
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Fig 2.47: The interior view of cargo hauler 

 

 

2.1.3.2 KEY FEATURES 
 

All the five cargo haulers have these following specifications and same features as 

mentioned below. 

 

 Suspensions for improved stability while carrying loads. 

 Drawers for swapping the battery sideways. 

 Cabin light. 

 Protection for the motor controller. 

 Best quality wheels (double rim with strong hub and spokes). 

 Windshield at the front of the driver. 

 

.2.2 CONCLUSION 

The completion of the manufacture of all the 15 units of the various types of the  

vehicle was a challenging task. Despite having the overall specifications similar 

there have been intricate differences in terms of design and dimensions due to the  

differences in the uses. After this stage, it was time to implement the torque sensor 

pedal with required circuitry.   
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CHAPTER 3 

IMPLEMENTATION OF THE TORQUE SENSOR PEDAL 

AND PV ARRAY INTO THE SYSTEM 

 

3.1 INTRODUCTION TO THE TORQUE SENSOR 

A torque sensor or torque transducer  is a device for measuring and recording 

the torque on a rotating system, such as an engine, crankshaft,  transmission, rotor,  

gearbox, a bicycle crank or cap torque tester [12]. It is a transducer that converts 

torque based mechanical input into an electrical output signal. There are two types 

of torque sensors, a reaction that measures static torque and rotary that measures 

dynamic torque [10]. Taking input from a DC voltage source, torque sensor 

generates output voltage corresponding to torque applied on specific crank or 

shaft. Within its operating region, the voltage output is linear with the applied 

torque.  

 

                                  
 

Fig 3.1: Complete set-view of Torque Sensor and other components [10] 

 

The torque sensor setup was purchased from Suzhou Victory Sincerity Technology 

Company Ltd [13] which is located in Suzhou, China in order to use with the 

system. They undertake to develop, design and produce the components of e -bikes, 

mainly torque intelligent sensor system and relevant parts. The company has a 

group of experienced experts at designing and developing various e-bikes. The 

company has developed torque intelligent sensor system which conforms to the 

European standard ---EN 15194, Japanese JIS standard [14]. Torque Sensor is their 

national patent product. To use with bicycles they have integrated the sensor 

technology inside the pedal-system. In the system, only the sensor and module were 

used. 

http://en.wikipedia.org/wiki/Torque
http://en.wikipedia.org/wiki/Engine
http://en.wikipedia.org/wiki/Crankshaft
http://en.wikipedia.org/wiki/Transmission_(mechanics)
http://en.wikipedia.org/wiki/Rotor_(engine)
http://en.wikipedia.org/wiki/Gearbox
http://en.wikipedia.org/wiki/Bicycle
http://en.wikipedia.org/wiki/Crank_(mechanism)
http://en.wikipedia.org/wiki/Cap_torque_tester
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3.2 FEATURES AND TECHNICAL DATA FOR THE TORQUE SENSOR  

 

FEATURES [14] 

 
 Brush/Brushless motor controllers are applicable for it 

 The hardware may be installed like a normal chain wheel crank 

 The electrical system is sensor/sensor-less motor type 

 Main body parts are made of aluminium alloy 

 Provides instant response while pressure is applied on pedal and 

pedalling is stopped or pressure on pedal is reduced 

 Data collection per crank rotation from 18 to 96 times 

 Magnet ring integrated with multi-pole improving greatly the precision of 

signal sampling 

 The system is fully sealed against ingress of water and dirt 

 

 

                                 
Fig 3.2: Torque Sensor and Module 

 

 TECHNICAL PARAMETER DATA [14]  
 V

cc
 = 5.15 V (+/- 0.15V) 

 Output, linear, zero-start, 0.5~4.5V                               

 Output torque >15N-m 

 Delay time < 50ms 

                                                                               

3.3 ELECTRICAL CONNECTIONS 

The electrical connection diagram for the entire setup was provided by the 

manufacturing company. This includes brushless-controller, torque adjustor, chain-

wheels, module etc. But we will be using the torque sensor and the corresponding 

signal-producing module in the system. 
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Fig 3.3: The torque-sensor pedal from two different angles 

 

The sensor was built in such a way that it could be fixed in any bicycle. However, 

assembling it in the tri-wheeler required a few mechanical modifications. Fig 3.3 

shows the torque sensor pedal when implemented and installed to the rickshaw-

van. This installation was done following the provided connection diagram provided 

by the manufacturing companies. This was ready for testing purpose. 

 

In order to get input voltages from the controller connections, there are separate 

mechanisms. This has been shown in the diagram. But in the system, a different 

controller will be incorporated with the sensor. So, the independent operation 

connection diagram was extracted from the main diagram. 

     
  

Fig 3.4: Electrical Connection diagram for independent operation of the sensor and 

module [14] 

 

Fig 3.4 indicates that the Red and Black wires from SM6 (marked as +5V and GND) 

are the input biasing terminals for the sensor. For the module, the input voltages 

are marked in SM4. The Yellow wire from SM4 is the processed output from the 

torque sensor which will be used for motor control. According to applied torque in 

the pedal-crank of the sensor this wire gives the output voltage with respect to 
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GND. So, this is the output which is supposed to be fed to the external control 

circuit. 

 

3.4 POWER MANAGEMENT  

It is necessary to implement the whole system using a single power source from the 

main Rickshaw-van battery. A series of four 12V batteries have been used in the 

rickshaw-van. The external circuit design and the torque sensor specification setup 

require that only a +5V source is necessary to power all these devices. So, to serve  

the purpose LM7805 was used to get a fixed output of +5V. The power-source 

management used in the system is illustrated in Fig 3.5 [15].   

 

                    
Fig 3.5: Complete overview of the power management and signal flow  [15] 

 

The Fig 3.5 illustrates the complete power management and signal flow of the 

system. Our system has four 12V batteries connected in series providing 48V. Only 

12V is required as input to the voltage regulator circuit. The voltage regulator 

circuit will give +5V which will be fed to the amplifier circuit as biasing and also to  

power up torque signal producing module. When pressure is created on the pedal, 

there will be a certain torque for which the torque sensor and module will provide 

certain voltage to the amplifier circuit.  

The torque adjuster will eventually output a voltage corresponding to the voltage 

provided by the sensor and module maintaining the ease while pedalling. This 

voltage is fed to the motor CU and eventually to the motor.  

 

The hardware implementation of the complete system in PCB is illustrated in Fig 

3.6.  
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Fig 3.6: Hardware implementation of the system in PCB 

 

The torque adjuster was implemented in hardware. This way it will be a compact 

system and will eradicate problems arising due to the use of breadboard and a lot 

of wires connecting the components. While going for lab test and later on field test, 

the roads might not be smooth, so hardware implementation will resolve the 

problem as each of the components are soldered on the PCB board and there is no  

chance of any component to fall apart due to shakiness of the road. 

 

3.5 LAB-CONDITION TESTING OF THE WHOLE SYSTEM 

After the hardware implementation of the system in PCB board, the whole system 

was tested in lab condition. This time, the sensor was used in action and the system 

was run as it is supposed to ply on road. For testing the performance of it with the 

torque sensor, the wheels were connected and load was generated by generating 

friction on the wheels. The friction and load-dynamics from the road was kept in 

mind and imitated as approximate possible. For an approximate comfortable ease 

of the machine, a gain of 1.26 was set. 

 

No external load was applied during the first few seconds. When the pedal was 

rotated in this condition, it was found out that the voltage was zero and the 

corresponding rpm in this region is due to the pedalling effort. Then a load friction 

was provided in the wheel and was increased with time. The motor started and 

pedalling seemed easier as the motor was assisting the pedalling effort. The 

threshold voltage, that is, the voltage at which the motor starts was found out to be 

1.47 V. With a more increase in load, it was noticed that the maximum output 

voltage sustained at 3.6V as desired. Then the load was removed and the wheels 

were left to move freely. It was observed that pedalling became very comfortable.  

 

In order to collect continuous data, a video camera was used to record 

corresponding data from multimeter and tachometer placed at proper positions. To  

note down the data, the video camera was replayed and paused with an 

approximate interval of a second. 

 

3.6 DESIGN  

The basic concept used in this design is the use of a voltage divider circuit. Instead 

of directly feeding the voltage coming from the torque sensor and module to op-
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amp, the input signal passes through a voltage divider to reduce the incoming 

voltage to 0.6 of the input voltage. This reduced voltage is then fed to the op-amp. 

This way even if the incoming voltage if higher, it will be reduced to certain value 

and eventually limit the use of motor [16].  

 

3.6.1 THE CIRCUIT-DIAGRAM AND EXPLANATION 
 

While practically running the vehicle, it was seen that when puller uses torque 

sensor pedal, that is pressure is created on the pedal, the voltage generated is much 

higher around 3-4 V. So to minimize this voltage, a voltage divider is used in such a 

way that the output voltage becomes 0.6 of the input voltage  [13]. That is, Vout = 

0.6*Vin   

The modified circuit diagram is shown in Fig 3.7. Here a voltage regulator circuit 

has been used in order to limit the torque sensor input voltage.  

 

 
Fig 3.7: Circuit Diagram of the System for Design 

 

The simulation data for the system of the system upon lab conditioning tests have  

been given in APPENDIX SECTION TABLE 1. 

3.7 INTEGRATING TORQUE SENSOR AND PV ARRAY IN THE 

SYSTEM 

A 400Wp panel is installed on the roof of the rickshaw-van that provides a share of 

the required electrical load alongside the battery bank to reduce the energy 

consumption from the battery bank. Four 100Wp panels are connected in series. 

The operation diagram of the whole system with both PV panel and torque sensor is 

shown in Fig 3.8 
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Fig 3.8: Block diagram of the whole operation 

 

3.8 CONTROL ALGORITHM 
A signal from torque sensor or throttle controls the speed of the BLDC motor. When 

there is no signal from the torque sensor or throttle, the rickshaw is at stationary. 

The PV array is generating power but rickshaw is at stationary, the total generating 

power will be used to charge the battery only.  

Fig 3.9 shows the flowchart of the whole system. When there is signal from the 

torque sensor or throttle three conditions may occur [15]. 

1. The PV array cannot generate any power due to solar irradiation, in this case 

battery supply the load motor solely. 

2. The PV array generates more power than required by the load, in such 

situation, excess power is used to charge the battery. 

3. The PV array is generating power but not adequate enough to run the load, in 

this situation load power is shared by the PV array and the battery bank. 
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Fig 3.9: Flowchart of the whole system 

 

3.9 CONCLUSION 

From the data collected in lab condition it can be concluded that the behaviour of 

the whole system was satisfactory. During the few hours of experimentation and 

testing, no unexpected performance took place. So, the system was ready for field 

test and practical observation. The circuit design using voltage divider has been 

used for field tests. This way the torque adjuster has been integrated and simulated 

as a single circuit. The whole external circuit is powered up using 12V from the 

main vehicle battery and +5V that is required to power the torque sensor and 

module is obtained from the IC LM7805. Thus no other external power supply is 

required.  Both PV array and torque sensor was integrated into the system and 

operated as shown in the operational diagram and control algorithm flowchart.  
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CHAPTER 4 

TESTING AND ASSESSMENT OF THE ELECTRIC 

RICKSHAW-VANS WITH PV PANEL, TORQUE SENSOR 

PEDAL 

The testing and assessment of the manufactured vehicles have been the most 

crucial part of the pilot project. All the 15 units of the designed and developed 

vehicles underwent the practical field assessment at Savar, Genda for 3 months, 

from January 2016 till March 2016. Both the qualitative analysis and the technical 

details of the vehicles were taken in the evaluation process by the Research 

Engineers of the Control & Applications Research Centre (CARC) in the field. BRAC 

Health Nutrition and Population Program (HNPP) provided utmost support to CARC 

for implementing the project at Savar. 

Fig 4.1 shows the three types of vehicles that have been designed and manufactured 

for the pilot project namely electrically-assisted human hauler, electrically assisted 

ambulance van and electrically assisted cargo hauler. Fig 4.1 shows all the 15 units 

of the vans running in this project at Savar [17], as presented in APPENDIX B.   

 

 

Fig 4.1: Electrically-assisted Human Hauler 

 

Fig 4.2: Electrically-assisted Ambulance Van 

 

Fig 4.1: Electrically-assisted Human Hauler, Ambulance Van and Cargo Hauler 

 

4.1. OBJECTIVE OF THE FIELD TEST 
 

The major objectives of the field test were: 

 

 To see how the whole system behaves on the different types of road 

conditions (i.e. plain surface as well as rugged surface) in real life (i.e. if any 

hazardous situation takes place, like losing the control over the motor etc.), 

while the vehicles were used to provide services to the community 

 To analyse the dynamics of human pedalling for a rickshaw-van using the 

torque sensor pedal 
 To picture the energy-consumption trend in the current design 
 To picture the energy-consumption trend using just throttle 
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 A comparative analysis of energy consumption for the vehicle with and 

without PV and torque sensor support 
 Calculating the efficiency of the design with respect to the previous model, in 

terms-of the energy consumed during a time period  
 To find out how quickly the battery discharges in different conditions 
 To find out the average and maximum speed of the vehicle 
 To get feedbacks from the local people and the rickshaw-pullers on both the 

original version of the developed vehicles as well as on the redesigned and 

modified vehicles 

4.2. QUANTITATIVE ANALYSIS 

The first part of the field test consisted of accumulating the technical details of the 

manufactured electrically assisted rickshaw vans. The following gives the details of 

the procedure of experimentation, result and analysis. 

4.2.1 DATA ACQUISITION TECHNIQUE 

The multi-meters were used to measure the voltage across the PV panel and the 

battery. One multi-meter was connected in parallel with 48V battery connected to  

the charge controller and the other one across the nodes connected to the charge  

controller. Clamp meter was clamped on to a wire connected in series with the 

panel to the charge controller and to another wire connected in series with the 

battery and motor. A digital speedometer was used in order to determine the 

distance travelled by the vehicle and the average speed of the vehicle. All the tests 

were carried out at full load conditions.  

Due to the unavailability of modern data acquisition techniques, a video camera is 

used to record the data from multi-meters and then replayed and paused in regular 

intervals of approximately 20 second and noted. Then the recorded data were 

plotted to represent in figures for better understanding. A snapshot from the video 

is shown in Fig 4.2 and Fig 4.3 The data collected from the field tests are presented 

in Annexure A [18]. 
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Fig 4.2: Data Acquisition Technique Using the Multi-meters and Clamp-meter 

 

 

Fig 4.3: Data Acquisition Technique Using the Digital Speedometer 

 

4.2.2 DATA TAKEN FOR ANALYSIS 

The field test was carried out in four steps: 

1. Without any PV array support and torque sensor pedal – the objective of the 

field test was to determine the distance that the rickshaw can travel with the 

battery discharged down to 50% SOC (State of Charge) of the batteries and the 

power consumed from the battery in full load condition.  
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2. With PV support only – to determine the distance that the rickshaw can travel 

with PV support with the battery discharged down to 50% SOC and obtain data 

to determine the load power shared by the battery and PV panel.  

3. With torque sensor pedal only – to determine the distance that the rickshaw can 

travel with the use of torque sensor pedal till the battery gets discharged down 

to 50% SOC and power consumed from the battery  

4. With torque sensor pedal and PV support - to determine the distance that the 

rickshaw can travel with torque sensor pedal with the battery discharged down 

to 50% SOC and determine the load power shared by the battery and PV panel. 

 
4.2.2.1 FIELD TEST DATA WITHOUT PV SUPPORT AND TORQUE SENSOR  

During first stage of research, field test was carried out without any PV support and 

torque sensor pedal and required data were obtained. During the test, voltage 

across battery and load current were recorded [15] [19]. The data was then retrieved 

from the video camera and used to compile the following graphs. The data obtained 

from the field test are attached in the Annexure A: TABLE 2. Fig 4.4 represents the  

battery supply profile. Battery current and battery voltage obtained during the test 

is presented in this figure. Fig 4.5 represents the battery power [battery 

voltage*battery current] while Fig 4.6 represents the load power which is in this 

case is equal to the battery power. 

 

Fig 4.4: Battery supply profile 
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Fig 4.5: Battery power (watts) vs. time (seconds)  

 

 

Fig 4.6: Load power (watts) vs. time (seconds) without PV support and torque sensor 

The graph of battery power (watts) vs. time (seconds) is used to calculate the energy 

consumed from the battery bank. In this case, the energy supplied by the battery is  

equal to the energy consumed by the load. Therefore, battery power supplied is 

equal to load power consumed.  The area under the graph in Fig 4.6, load power 

(watts) vs. time (seconds) is used to calculate the energy consumed by the load from 

the battery. Since there was no PV support and torque sensor pedal in this test, so 

the energy supplied by the battery is equal to the energy consumed by the load. The 

energy consumed by the load from the batteries is 2183600.3 Joules . 

4.2.2.2  FIELD TEST DATA WITH PV SUPPORT ONLY 

The second stage of research involved conducting the field test with the PV support 

only and torque sensor pedal was not used. The test was carried out during the 

peak sun hours from 12pm to 2pm.  Voltage across the panel and battery, current 

drawn by the load from battery and current supplied by the panel were recorded 

using a video camera and later again retrieved at every 20 seconds interval and 

used to obtain the following graphs. The data obtained from the field te st are 

attached in Annexure A: TABLE 3. Fig 4.7 shows the PV supply current and voltage  
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and it is represented in a single graph on the same axes. Fig 4.8 represents the 

battery supply profile and Fig 4.9 represents the load profile during the test. Fig 

4.10 gives the comparison of load power, battery power and panel power with 

respect to time. 

 

 

Fig 4.7: The PV array supply profile 
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Fig 4.8: The battery supply profile with PV support  

 

 

Fig 4.9: The load profile of the rickshaw -van 
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Fig 4.10: Comparison of load power (watts), battery power (watts) and panel power 

(watts) with respect to time (seconds) 

 

The area under the graph of panel power (watts) vs. time (seconds) in Fig 4.10 is 

used to determine the energy supplied by the panel and the graph of battery power 

(watts) vs. time (seconds) is used to determine the energy supplied by the battery. 

The area under the graph of load power (watts) vs. time (seconds) is used to 

determine the energy consumed by the load. The energy supplied by the pane l 

estimates to 489483.9 Joules and the energy consumed from the battery estimates 

to 1941396 Joules .  The energy consumed by the load is 2420743 Joules . From the 

result obtained we can calculate the sharing of total power supplied by the panel 

and the batteries. It is estimated that 20.1% energy is supplied by the panel and the 

rest 79.9% energy is supplied by the battery. 

4.2.2.3 FIELD TEST DATA WITH TORQUE SENSOR  

Field test was carried out with torque sensor pedal to determine the distance 

travelled by the vehicle till the batteries gets discharged down to 50% SOC and the  

power consumed from the battery. Voltage across the battery and current drawn by 

the load were recorded. The data obtained from the field test are  attached in 

Appendix A: TABLE 4. The torque sensor input voltage to the controller unit and 

output voltage from the torque sensor pedal to the torque adjuster circuit were 

recorded and represented in Fig 4.11. All the data were recorded with the help of a 

video camera and later retrieved at 20 second interval and used to form the 

following graphs. Fig 4.12 represents the battery supply current and voltage. Fig 

4.13 represents battery power [battery voltage* battery current]. Battery is 

supplying power to the load and therefore battery power is equal to load power and 

represented in Fig 4.14. 
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Fig 4.11: Comparison of torque sensor output voltage (volts) from the pedal to the torque 

adjuster circuit and input voltage (volts) from torque adjuster circuit to controller unit 

with respect to time (seconds) 

 

 

Fig 4.12: The battery supply profile with torque sensor pedal 
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Fig 4.13: Battery power (watts) vs time (seconds) 

 

 

Fig 4.14: Load power (watts) vs time (seconds) 

 

 

Here, energy supplied by the battery is equal to the energy consumed by the load. 

The graph of battery power (watts) vs. time (seconds) in Fig 4.13 is used to calculate 
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the energy consumed from the battery bank. The total energy supplied by the 

battery during the test without torque sensor and PV support was 2183600.3 

Joules and within 4480 seconds the battery discharged down to 50% SOC. But 

during the test with torque sensor only and no PV support, it took 8100 seconds for 

the battery to discharge down to 50% SOC. The energy supplied by the battery up to  

4480 seconds during the test with torque sensor and no PV support is 1181021 

Joules.  

 

4.2.2.4 FIELD TEST DATA WITH BOTH PV SUPPORT AND TORQUE SENSOR 

The test was carried out until the battery discharged down to 50% (SOC). Panel 

current, panel voltage, current drawn by the load,  load voltage, the torque sensor 

input voltage to the controller unit and output voltage from the torque sensor pedal 

to the circuit were recorded. All these data were recorded with the help of video 

camera and later retrieved at 20 second interval and used to compile following 

graphs. The data obtained from the field test are attached in Appendix A: TABLE 5.  

Fig 4.15 represents the PV array supply profile, Fig 4.16 represents the battery 

supply profile and Fig 4.17 represents load profile. Fig 4.18 represents panel power, 

battery power and load power in a single graph. 

 

 

Fig 4.15: PV array supply profile 
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Fig 4.16: Battery supply profile 

 

 

Fig 4.17: Load profile 
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Fig 4.18: Comparison of panel power (watts), load power (watts) and battery power 

(watts) vs time (seconds) 

 

The area under the panel power curve, load power curve and battery power curve 

will give the energy supplied by the panel, energy consumed by the load and energy 

supplied by the battery respectively. From the graphical calculations, it is estimated 

that the energy supplied by the panel was 1563291 Joules , energy supplied by the  

battery was 1963950 Joules and the energy consumed by the load was 3508080 

Joules. The energy supplied by the battery upto 4480 seconds is 575671.4 Joules . 

 

4.2.3 COMPARATIVE STUDY 
 

4.2.3.1 WITH PV SUPPORT ONLY VS. WITHOUT PV SUPPORT AND TORQUE SENSOR 

The field tests were carried out until the battery discharged to 50% SOC. The results 

obtained from the two field tests reveal that the vehicle can travel 17.2 km in 

1.69hrs (6100 seconds) with PV support only and the vehicle can travel 12.455km in 

1.24hrs (4480 seconds) without PV support and torque sensor. The test reveals that 

20.1% energy is supplied by the PV array and the rest of the energy is supplied by 

the battery and thus 20.1% is saved. The following Fig 4.19 and the results of 

projected distance travelled in Fig 4.20 reveals that the presence of PV panel has 

significant impact on the performance of the vehicle.  
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Fig 4.19: Power contribution of battery and panel 

 

 

Fig 4.20: Projected distance of the rickshaw -van upto 

50% dod of the battery 
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The results obtained from the field tests reveal that the vehicle can travel 12.455km 

in 1.24hrs (4480 seconds) without PV support and torque sensor whereas the 

vehicle can travel 23.75km in 2.25 hours with torque sensor pedal. Fig 4.21 

represents the projected distance of the rickshaw-van up to 50% DOD of the battery 

during the test with torque sensor pedal and without torque sensor and PV support. 

The graph in Fig 4.22 reveals that with the use of torque sensor pedal, the overuse 

of the battery bank has reduced.  The area under the battery power curve with 

torque sensor is less than the battery power curve without torque sensor and PV 

support. 

 

Fig 4.21: Projected Distance of The Rickshaw -Van up-to 50% DOD of the Battery 

 

Fig 4.22: Comparison of Battery Power Consumed with Throttle System and Torque 

Sensor 
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The battery power curves are used to determine the energy consumed by the 

system using throttle and torque sensor.  The battery was discharged upto 50% SOC  

of the batteries within 4480 seconds with throttle whereas with torque sensor pedal 

it was found that the battery still had more than 75% charge (SOC).  From the power 

curves, it is estimated that the energy consumed from the battery with throttle 

system within 4480 seconds is 2183600.9 Joules and the energy consumed from 

the battery with torque sensor pedal in the system within 4480 seconds is 1181021 

Joules.  Thus, we can say that with torque sensor pedal integrated into the system, 

the system consumes 54.1% energy of the throttle controlled design and it saves 

45.9% energy. Fig 4.23 represents the comparison between the energy saved with 

torque sensor and without torque sensor and PV support . 

 
 

Fig 4.23: Comparison between Energy Saved with Torque Sensor and without PV Support 

and Torque Sensor 

 

4.2.3.3 WITH BOTH PV SUPPORT AND TORQUE SENSOR VS. WITHOUT PV SUPPORT   

               AND TORQUE SENSOR  
 

The result obtained from the field test with both torque sensor and PV support 

reveals that the vehicle can travel 35.49km in 3.36 hours (12120 seconds) whereas 

the vehicle can travel only 12.455km in 1.24 hours (4480 seconds) without PV 

support and torque sensor. The result is represented in Fig 4.24. 
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Fig 4.24: Projected distance of the rickshaw -van up-to 50% DOD of the battery 

From the battery power curves, it is determined that energy supplied by the battery 

during the test with both PV support and torque sensor was 1963950 Joules in 3.36 

hours (12120 seconds). The energy supplied by the battery was 575671.4 Joules in 

1.24 hours (4480 seconds).  The energy supplied by the battery during the test 

without PV support and torque sensor was 2183600.9 joules in 1.24 hours (4480 

seconds).  Thus, from the calculations we can say that the system consumed 26.3% 

energy of the throttle controlled design and with PV support and torque sensor, it 

saves 73.6% energy. Fig 4.25 represents the comparison between energy consumed 

and energy saved with torque sensor and with both PV support and torque sensor. 

Fig 4.26 represents the comparison of distance travelled by the rickshaw-van up-to 

50% DOD in all four field tests. 

 

 

 

 

 

 

 

 

35.49 

12.455 

0

5

10

15

20

25

30

35

40

Distance travelled (Km)

Projected Distance of the Rickshaw-

Van upto 50% DOD of the Battery 
 

With PV support

and torque
sensor

without PV

support and
torque sensor



 

57| P a g e  
 

 

Fig 4.25: Comparison between Energy Consumed and Energy Saved With Torque Sensor 

and With both PV Support and Torque Sensor 

 

 

Fig 4.26: Comparison of Distance Travelled By the Rickshaw -Van Up to 50% Dod  
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Fig 4.27:  Energy Contribution of Battery, Panel and Torque Sensor 

 

The above graphs quantitatively prove that the use of both PV array and torque 

sensor in these types of rickshaw-van has significant impact on the performance of 

the vehicle. The distance travelled by the vehicle with both PV support and torque  

sensor is 2.8 times greater than normal battery operated rickshaw-van and thus this 

system lengthens the battery lifetime. From the final result as shown in Fig 4.27 it is 

estimated that around 73.6% energy is saved with both PV array and torque sensor 

in the system where torque sensor contributes to saving 45.9% energy and PV array 

contributes to saving 27.7% energy. 

4.2.4 THE SPEED ANALYSIS  

The speed analysis has been also done for the vehicles over the three months of 

field study. Next to traditional method of calculations of the total distance divided 

by total time to get the average speed, we have used speedometer to measure the 

speed of the vehicles. The calculations are given below and result of the field test is 

summarized in the Table 4.1. 

MEASUREMENT AND CALCULATIONS 

Distance travelled during the test run = 0.33 km 
Total Time = 2 minute 1 sec=121 sec 
Maximum Speed =23.5 km/h(Measured using 

speedometer) 
Average Speed =(Total distance)÷ Total Time 

=(0.33 km÷0.033 h) 
=9.9 km/h (measured and calculated) 

Instantaneous time taken to reach  
maximum speed 

=46 sec (measured) 

Calculated Maximum Acceleration = (Max. Speed)÷(Instantaneous time 
taken) 
= (23.5 km/h)÷(46 sec) 

26% 

46% 

28% 

Energy contribution of  Battery, Panel and 

Torque Sensor 

Battery Torque Sensor PV array
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= 0.142 m/s² 
Deceleration Time from Maximum Speed               =13 sec( measured from speedometer) 

Calculated (Maximum) Deceleration = (Maximum Speed)÷ (Deceleration 
Time) 
= (23.5 km/h)÷(11 sec) 
= (6.52m/s)÷(11sec) 
= 0.59 m/s² (Answer) 

 

Table 4.1: Summarizing the result on speed analysis  

 

Categories Data 

Time(sec) 121 

Distance (km) 0.3 

Max. speed (km/h) 23.5 

Avg. speed (km/h) 9.9 

Acceleration (m/s2) 0.142 

Deceleration (m/s2) 0.59 

Idle time 5pm to 11am 

 

4.3 QUALITATIVE ANALYSIS 

The qualitative analysis has been a very crucial part of the field test since a number 

of factors such as safety, local acceptance, ease of driving and so on have to be 

considered for a successful implementation of the vehicles in perspective to real 

world. Hence, through case studies CARC has demonstrated a number uses of the 

vehicles to the local people of Savar. Research Engineers have also then conducted 

various surveys to get the feedbacks from different users of the vehicles. Based on 

the feedbacks accumulated the vehicles have been re -designed. 

4.3.1 CASE STUDIES 
 

All three different kinds of rickshaw-vans with similar technology have been used 

for test run and to provide service to BRAC HNPP personnel as well as local people  

of Genda, Savar. Based on the service provided by the vans, various case studies 

have been documented about the potential of use of these  vehicles in the locality.  

A CASE STUDY 1: HUMAN HAULER 
 

The human hauler has been seen as the most popular form of vehicle mainly 

because of the huge demand of transport that large number of people have in 

Bangladesh. The vehicles have been used to carry the local people to and from the 
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local bus stoppage for various destinations. They have been also used by the local 

school children for their commute. Next to local service, the human haulers have 

been also used by the BRAC HNPP community workers as they travel long distances 

with light goods such as medical emergencies. A number of times BRAC stuffs used 

human haulers to visit the Savar garage, travel to their own houses after work, carry 

personal belongings and so on [17], as shown in APPENDIX B.   

 

B CASE STUDY 2: AMBULANCE VAN 

 
One of our major innovations has been the idea of ambulance van. Still now in this 

era of 21st century, the rural community of Bangladesh faces severe problems 

regarding health issues due to lack of health service. NGO programs such as BRAC 

HNPP are now working on these shortcomings of the countryside. Addressing these  

problems, CARC has designed and developed the rickshaw-vans in a way so that it 

can be used to serve the local community. Equipped with first aid kit box, fan, light 

and siren, the ambulance-van has been able to raise quite an interest among the 

local community and they volunteered to take its service. The van took two mothers 

with their children to the local hospital and also took them back to their homes, as 

demonstrated in APPENDIX B.  

Our aim however is to ultimately serve the people in emergency situations such as 

pregnant mothers at labor, people at accidents or disasters, etc. Already 

proceedings about serving the pregnant mother have been going on with BRAC 

HNPP as shown in Fig 4.28. 

 

 

Fig 4.28: BRAC HNPP Stuffs Providing a Demo Service to a Real Pregnant Mother to 

Demonstrate the Potential of the Use of Ambulance Van to Rural Population 

 

C CASE STUDY 3: CARGO HAULER 

The final case study has been completed on the cargo hauler. Here, the CARC has 

addressed the local problems of using manual vans to carry heavy loads through 

narrow alleyways especially in comparative short distances. The use of fuel (e.g. 

diesel, petrol) based Lorries or trucks in these areas are not always feasible due to  
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high expense and traffic. Hence, manual vans are used to deliver or distribute 

various kinds of goods (e.g. rice, paddy, vegetables, etc) locally. Therefore, solar 

based cargo haulers (5 units) have been developed to displace the use of the manual 

vans to provide a more efficient service and also reduce the labour hurdles of the 

van pullers. The cargo vans have been used by the local shopkeepers to transfer 

their goods in various places [17], as provided in APPENDIX B.   

4.3.2 SURVEY, FEEDBACK AND ANALYSIS 

After performing the case studies through various usage of each of the rickshaw-

vans, CARC conducted survey and feedback sessions to get the community 

response on the innovation. 

4.3.2.1 THE SURVEY 

A total of 9 electric rickshaw pullers were hired to conduct the field tests of 15 

developed solar assisted electric rickshaw vans of three different types (5 units of 

human haulers, 5 ambulance vans and 5 cargo haulers) at Genda, Savar for a period 

of three months. These 9 rickshaw pullers were divided into 3 sub-groups and each 

subgroup consists of 3 drivers. One sub-group was assigned to drive human haulers 

and other two sub-groups were assigned to drive ambulance vans and cargo haulers 

respectively. Among all these sub-groups, a total of 9 drivers who were involved 

during the field tests were allowed to drive these three different types of electric 

vehicles on turn during the weekdays. 

The research team of Control & Applications Research Centre (CARC) conducted a 

survey to understand the extent to which pullers of feel while driving the “Torque  

Sensor Based Solar PV assisted Electric Rickshaw Vans” in terms of the convenience 

to and complexity to drive different models of three wheeler electric rickshaw vans, 

which have been designed and developed by CARC research team. The survey 

questions have been designed to extract information from all these hired rickshaw 

pullers about their experiences of driving the human haulers, cargo haulers and 

ambulance vans.    

The respondent group of people of this survey were the drivers of these developed 

solar assisted rickshaw pullers. The pullers were interviewed by the research team 

of CARC in order to obtain feedbacks from the pullers regarding the performance  

of the electric vehicles and to what extent the vehicles are suitable to be driven on 

different types of road surfaces (plain, rugged etc). Moreover, the objective of 

conducting the survey is also to obtain assessment of the drivers regarding the 

performance of the torque sensor pedal while driving these electric vehicles. 

A THE SURVEY RESPONDENT GROUP: SOLAR PV ASSISTED ELECTRIC RICKSHAW DRIVERS 

All the 9 drivers who were involved in the field test were interviewed to obtain their 

opinions regarding the design of the manufactured electric vehicles. During the 

survey, same questions were asked to drivers of human hauler, cargo hauler and 

ambulance van about the performance of these vehicles using both throttle and 
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torque sensor pedal, with full load and no load on both plain surfaces and rough 

road surfaces.  

All the drivers gave very positive opinion about the use of torque sensor pedal and 

they were satisfied by driving cargo haulers, human haulers as well as ambulance 

vans by using the torque sensor pedal only to drive the motor, without the use of 

throttle. While answering the survey questions about the comparison between the 

manually driven rickshaws and our developed electric rickshaw, all the drivers‟ 

point of view was that they needed to apply little muscular force while pedalling 

using the torque sensor pedal only to drive human haulers with 6 passengers 

compared to that of traditional manually driven rickshaw carrying maximum 3 

people by using the pedal. According to the answers provided by the pullers during 

the interview, it is also evident that the developed solar assisted electric rickshaw 

vans with torque sensor pedal can travel at a greater speed by the pedalling effort 

than that of manually driven rickshaw. Furthermore, divers also agreed that the 

speed can be varied during pedalling using the torque sensor pedal and hence the 

speed can be kept under control according to the needs of drivers, while 

manoeuvring the vehicles on the roads. From the pullers point of view, it can be 

concluded that the traditional available electric rickshaw can only be operated by 

using the throttle to run motors throughout, and these rickshaws lack the feature  

of pedalling with feet to operate brushless DC motors unlike our developed solar 

assisted electric vehicles. While the drivers were interviewed about the extent to 

which the feel comfortable and suitable to drive these developed electric vehicles, 

they revealed that to some extent they need to apply muscular- energy and hence  

they think it is somewhat comfortable and suitable for them to drive human haulers 

with passengers, ambulance vans with patients and attendants as well as cargo 

haulers with goods.  

One of the pullers who drove human hauler during the field test told, “It is not 

difficult to drive the human hauler with maximum 6 passengers on both plain and 

rough roads because of the level of easiness they feel during pedalling. While running 

the vehicle using the torque sensor pedal only, the speed of the human hauler can be 

controlled, and the speed is almost comparable to that of traditional throttle operated 

electric rickshaw as the motor keeps on operating throughout time of pedalling”. 

During the survey, drivers also mentioned about some positive feedbacks regarding 

the features included in human haulers, ambulance vans and cargo haulers. They 

appreciated the usage of the Indicator Lights, Brake Pedal and Side Mirrors which 

are included in all the developed solar assisted electric vehicles. All the drivers 

disclosed the fact that they are very much happy with the performance of indicator 

lights, the front brake system and the brake pedal for the rear brake. Even though 

they have got plenty experience to drive battery operated traditional tri -wheeler 

electric rickshaw without the use of mirrors, indicators and windshield, they 

mentioned in the interview that the use of indicators, side mirrors and windshield 

at the front of these vehicles ensures the safety of drivers and reduces the chances 

of facing any unexpected accidents on the roads. Some drivers explained that side 

mirrors help them to observe other cars, buses which are also moving on the road. 
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Thus, they can be aware of these vehicles coming from behind and enabling them to 

drive our developed solar PV assisted electric human haulers, cargo haulers and 

ambulance vans.  

Furthermore, all the drivers informed that the use of windshield at the front of 

every vehicles have been really helpful for them because the windshield ensures 

their health safety. These drivers responded that the windshield at the fro nt of all 

the produced vehicles prevents them from being soaked by rain water while driving 

on rainy days. Hence, the drivers felt that there is no chance to suffer from fever 

and to catch cold. The perspective of the drivers was that the traditional electric 

rickshaws do not have the front windshield, and that is why rickshaw pullers 

driving the rickshaw get wet heavily during rainy days, and they are more likely to 

become sick. In addition to, some of the drivers‟ insight was that the windshield 

also minimizes any discomfort they might experience while driving on polluted 

roads where sand granules, ashes and dirt are abundant. They claimed the fact that 

the windshield does not allow dust or any tiny sand particles to get inside the eye 

while driving on muddy and dirty roads. Overall, from the viewpoint of drivers, it 

can be concluded that all these features included in torque - sensor based solar 

assisted electric vehicles improves the safety of vehicles on the roads and  reduces 

the concern of health issues of drivers. 

Drivers who were interviewed, [17], as presented in APPENDIX B, also stated that the 

solar panel attached on top of the developed electric vehicles help them to travel 

longer distance on sunny days. Some of the drivers even explained their vie wpoint 

by informing that the solar panel is able to charge the batteries as the vehicle is 

moving on the roads. Moreover, few human hauler drivers mentioned that they 

faced some extreme situations when the human hauler moving on the roads had 

little charge on the batteries, which was insufficient to carry passengers as well as 

to reach the nearby garage to charge the batteries. They claimed that on such 

difficult situations the vehicle was no longer driven and it was kept under the sun 

for some time so that the solar panel could charge the batteries. Allowing the 

batteries to be charged by the solar panel, they were able to drive the vehicle again 

and reach the garage to charge the vehicle for longer period of time. Thus, all the  

drivers supported that introducing the solar panel on the newly designed electric 

vehicles is very useful and they have never seen this innovative technology on any 

traditional electric bikes as well as easy bikes anywhere in Bangladesh. 

All the hired drivers, who were involved in the field test, were asked whether they 

think any modifications are required in terms of the mechanical design or any 

features that needs added or altered in the developed human haulers, ambulance 

vans and cargo haulers? In response to this question, all the  drivers agreed that 

they think some modifications on these solar PV assisted electric vehicles are 

essential in order to improve the performance of the electric vehicles on all types of 

road surfaces (e.g. plain, rugged surfaces). One major modification that all the 

drivers recommended was to change the current thin, narrow and larger rickshaw 

wheels. They suggested using smaller, thicker wheels with wider surface area 

should undoubtedly improve the stability of the vehicles while running on any 
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types of road surfaces. Some of the drivers even explained further regarding the 

problem that they could face while riding these vehicles having larger and narrow 

rickshaw wheels. These drivers also explained that if currently used narrow 

rickshaw wheels on the electric vehicles are replaced by small and much thicker 

wheels (such as: motorbike wheels), none of the vehicles will be shaking 

significantly or jerking on rough surfaces. 

 

One of the ambulance van drivers told, “Since the weight of the ambulance van is 

very heavy, I found some difficulty to turn the vehicle with patients and attendants 

because of this narrow and thinner rickshaw wheels. Considering the larger size of 

the ambulance and heavy weight of the vehicle, the front wheel cannot support this 

weight. Both front and rear wheels needs to be changed and replaced by smaller and 

wider wheels. In that case, the weight of the vehicle can be evenly distributed, the 

vehicle would be more balanced and it would move more smoothly in all types of 

bumpy roads. 

 

Furthermore, some drivers also advised to change the thin rickshaw frame that has 

been used to develop the electric vehicles. Since all the different types of designed 

electric vehicles are heavier than traditional electric rickshaws, drivers‟ perception 

was the axle and the front frame may not be suitable for these developed electric 

human haulers, ambulance vans and cargo haulers. This is because they have felt it 

is difficult to support the entire weight of the vehicles using the thinner frame. 

Their suggestion was to use thick frame and thicker axle at the front of the vehicle  

and the change the current chassis of the vehicle with thicker ones as available in 

easy bike. 

 

Another electric ambulance van driver mentioned, “The speed of the ambulance is 

good enough to carry passengers and it feels comfortable driving this vehicle. I am 

somewhat satisfied with the performance of the ambulance van. In order to enhance 

the quality and standard of the vehicle, I would like to suggest that it is necessary to 

replace all three wheels of the traditional rickshaw by wider and smaller wheels of 

easy bike. This is because when I drove to rough surfaces where there are loopholes, 

it seemed that the whole body of the vehicle might lose its balance and get out of 

control, and that means the vehicle was unable to get sufficient load at the front side. 

I think if the whole frame of the vehicle is thick and strong just like the easy bike, 

then it would be very good for us to drive this ambulance on rough roads in rural 

areas of Bangladesh without facing any difficulties.” 

 

However, most of the drivers also agreed that all the vehicles with narrow wheels 

can be driven smoothly and perfectly without any problem on smooth and plain 

roads. Yet, the use of good quality stronger and thicker front as well as rear wheels 

would undoubtedly ensure the suitability of driving these vehicles with full load on 

any types of surfaces, and hence increasing the popularity of these vehicles among 

people in the rural community. 
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One of the human hauler driver mentioned, “I am satisfied by driving this passenger 

carrying vehicle. I carried school-going children, males and females in this vehicle in 

different places of Genda, Savar area. However, old people seemed to be reluctant to 

ride on this human hauler because of these narrow and thinner wheels used on this 

large and comparatively heavier human hauler. I feel comfortable to drive this 

vehicle, but the level of satisfaction would have been increased if the thicker wheels 

which are smaller in size could be used instead of rickshaw wheels. Altering the 

larger and narrow rickshaw wheels by small and wider wheels would result the 

height of the vehicle to be reduced, making the vehicle structurally stronger and 

more balanced while moving on roads. If these changes could be made, the newly 

designed vehicle would be able to run at higher speed and more people would be 

very eager to use this vehicle.” 

 

When drivers were asked about their opinion regarding the total distance these 

electric vehicles could cover in one full charge, different comments were received 

from them. Some ambulance drivers mentioned that the ambulance van could run 

for three to four hours. Some human hauler drivers specifically answered that they 

were able to ride around 25-30 km on rough road surfaces on cloudy days with full 

of passengers. One of the human hauler driver suggested that they are happy about 

the mileage of the vehicle, yet the total distance travelled by the electric vehicle can 

be more than doubled by increasing the total number of batteries and by using 

higher capacity batteries of 50 Ah or 95 Ah in this developed human hauler. Even 

though solar panels provide charging support to batteries, if five or eight batteries 

are used instead of only four batteries, the vehicle would run the whole day 

continuously after charging the battery only once from the grid for only a couple of 

hours. 

 

In addition to, human hauler drivers also agreed that they can earn more carrying 6 

passengers altogether in different places compared to that o f traditional available  

electric rickshaws, which can carry 2 passengers only, travelling the same distance 

as that of the human hauler. When the Cargo Hauler drivers were asked about the 

weight of goods that could be delivered to different shops and marke ts, they said 

an estimated weight of 300 kg of good can be carried.  

Overall, all the drivers are happy and somewhat satisfied after driving all three 

different types of developed solar PV assisted electric vehicles having torque sensor 

pedal. The extent of satisfaction among the drivers, and the popularity of these 

vehicles among the rural community would be increased tremendously if these 

vehicles are redesigned and undergo required modifications according to the 

feedbacks provided by the respondent groups during the survey. 

4.3.2.2 FEEDBACKS 



 

66| P a g e  
 

Next to the drivers feedbacks of the vehicle users have been accumulated by CARC 

as well. Instead of survey questions, we asked them about their generalized view 

and potential of these models‟ usages for future. 

 

A RESPONDENT GROUP: THE PASSENGERS 

From the passengers‟ point of view, it was more like riding the easy bikes with more 

comfortable seats. The passengers were not bothered by the motor thrusts and the 

bumping of the rough roads was easily neutralized by the shock absorbers used in 

the vehicle construction. As shown in the afore-mentioned case-studies numerous 

times service was provided to and from the local bus stations to the local people as 

well as school children, patients and even the shopkeepers as they carried their 

goods from market to their shops. They all were very happy with the service and 

even quoted.  

When asked about the quality of service one of the passengers remarked, “Of 

course, I am very satisfied with the service. This vehicle is very beneficial for the 

common people. It jerks less. Also it has curtains and good ceiling and good sitting 

arrangement.” He was also willing to use this vehicle over traditional rickshaw [17], 

as evident in APPENDIX B. 

B RESPONDENT GROUP: BRAC HNPP STUFFS 

 

A number of times BRAC HNPP used the vehicles to travel from Genda, Savar to 

their office at Hemayatpur. They all praised the innovation and informed us that 

the cargo and ambulance vans will be of great use by them in their premises. 

“We provide health care service to pregnant women. Sometimes on urgent basis we 

have to refer them to different hospitals. So for this purpose this vehicle (the 

ambulance van) will be very helpful to us” [17], as demonstrated in APPENDIX B. 

 

 

4.3.2.3 SAFETY MEASURES 

One of the very crucial factors that has been taken into consideration while 

designing and development of the electrically assisted human haulers, ambulance  

vans and cargo haulers with PV panel and torque sensor pedal is the safety factors 

of both passengers and drivers. Increasing the popularity of the manufactured 

electric vehicles depends on the mechanical stability of the vehicle on all road 

conditions as well as all the safety issues that has been associated with these 

vehicles for ensuring the vehicles are safer to be driven on all road conditions in 

both daylight and at night.  

The mechanical design of human haulers, cargo haulers and ambulance vans has 

been completed in such a way so that the vehicle looks modernized as well as 

mechanically standardized to be driven in rural areas of Bangladesh. The raw 

materials used for building up the entire body frame is steel so that the mechanical 
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stability gets increased and for allowing the vehicle to withstand substantial force 

during any collision that might happen with other vehicles on the roads. In case of 

human haulers and ambulance vans, the entire box frame is closed and the 

enclosed frame is covered with steel sheet so that passengers and patients can ride 

safely and smoothly. The passengers of the easy bike have to get down from 

sideways, whereas passengers can get down from human haulers from the back 

door. Unlike Chinese easy bike and conventional electric rickshaws, the enclosed 

box in case of human haulers offers more road safety and precautions from any 

unwanted accidents from taking place. Easy bikes and conventional electric 

rickshaws are not equipped with shock absorbers at the rear wheels. All the solar 

assisted electric vehicles developed by CARC of BRAC University, have got dual 

shock absorbers on each rear wheels as well as shock absorbers are also 

incorporated with the front wheel. Hence, the possibility of toppling the vehicle 

with passengers on bumpy roads has been significantly reduced. Also the 

possibility of accidents [20] occurring through the tangling of the clothes such as 

orna or dupatta of women have been eliminated. Presence of shock absorbers on 

these vehicles also ensure comfortable experience to the passengers while riding on 

these human haulers and ambulance vans and in turn minimizing the risk of 

causing any accident on rough roads. 

                            

Fig 4.29: A woman's scarf falls through a gap under the driver's seat of an easy bike 

where the prop-shaft is located increasing the risk of accident [20] 

The solar assisted electric vehicles have been equipped with necessary features that 

are undeniably essential to ascertain safety issues of both passengers and drivers 

are maintained on roads. All the manufactured vehicles have got a handle bar inside 

the vehicle so that passengers can hold on their balance and receive required 

support to prevent from loosing their balance when they are required in certain 

circumstances, like when the driver presses hard brake or when the vehicle hit 

some other vehicle. In this way, the passengers can also have safe ride on these 

vehicles. Unlike, conventional electric rickshaws, these developed vehicles have got 

a wide-angled mirror on each side of the driver which helps the driver to maneuver 

the vehicle according to his needs by monitoring the movement of all the vehicles 

that are coming from behind. Therefore, the presence and usage of this type of 

mirror allows the driver to maintain road safety of both the passengers and the 

vehicle from facing any unexpected occurrences on the roads. All the vehicles are  

also equipped with windshield at the front part of the vehicle, which helps the 
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driver from dust particles getting into the eyes and it also protects the driver from 

being wet by heavy rain. Along with ensuring health safety of the driver, the 

windshield also acts as a barrier to save the driver from getting severely injured if 

in case any vehicles suddenly collide from the front side. A very reliable, lighter and 

suitable rain protector is introduced in human haulers with a very rigid Velcro strip 

that has been used to stick the rain protector throughout the entire box like cabin 

of the human hauler. This type of rain protector helps passengers to travel 

comfortably without getting wet by drops of rainwater. Similarly, ambulance vans 

are also covered and totally enclosed with steel sheet and one back door to prevent 

patients from being affected by rainwater. For safety purposes of passengers, goods 

and patients, a cabin light is introduced inside all the three types of so lar assisted 

vehicles. This light can be working at night or during gloomy weather to help 

passengers to see things clearly inside the human hauler and to keep themselves 

safe from unexpected incidents such as theft that might happen at night inside the  

vehicle. 

An efficient and effective braking system on all the developed torque sensor based 

electric vehicles is of topmost priority for safety purposes. The developed electric 

vehicles have got both rear brakes and front brakes along with clutch for 

emergency motor stopper. An exclusive dual brake system has been added with the 

front wheel and a unique rear brake system has been implemented on both rear 

wheels. A brake pedal has been provided at a suitable place below the front handle  

of the vehicle. The type of brake system used on all these vehicles is known as 

“Drum brake”. This type of brake is very much applicable for this type of electric 

vehicle and is commonly observed in motorcycles. By pressing the brake pedal, the  

driver can instantly stop both the rear wheels with very minimal braking distance. A 

hand clutch has been provided so that the driver can use it only on rare emergency 

case when the high speed rotating motor of the vehicle needs to be stopped 

immediately to prevent from loosing any control over the vehicle. During the field 

test, performance of both front brakes and rear brakes has been tested and very 

minimal braking distance along with suitable deceleration was recorded. Hence, 

effective braking system can ensure safety of both passengers and patients who are 

the main user of human haulers and ambulance vans respectively. Moreover, the 

electrical system that has been designed and implemented on the developed electric 

vehicle is also safer and does not pose any threat to passengers. The type of 

batteries used to run the vehicle is sealed lead-acid batteries which minimizes the 

risk of any spillage of acid from inside the batteries and all the batteries have got a 

different compartment that has been are covered with steel sheet. Electrical 

connections were given from the bottom part of the vehicle and is totally isolated 

from the inside box like cabin of each electric vehicles. Fig 4.29 demonstrates all 

various kinds of safety components present in the developed solar assisted 

rickshaw vans to maintain safety precautions on the roads for both passengers and 

drivers. 
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Fig 4.30(a): Thicker Chasssis for                  Fig 4.30(b): Shock Absorber at the front wheel 

greater stability  

           

Fig 4.30(c): A handlebar and rain                    Fig 4.30(d): A windshield and Side Mirrors  

protector with Velcro strip 
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Fig 4.30(e): An efficient front brake system (drum brake) with hand clutch system 

   

Fig 4.30(f): Dual Shock Absorber on each     Fig 4.30(g): Brake pedal for rear wheels brake 

Rear wheels 

     

Fig 4.30(h): Safer and Enclosed Battery Compartment with safer electrical connections  

 

 

Fig 4.30(i) Closed box frames for human hauler, ambulance van and Cargo Hauler to 

ensure road safety for passengers, patients and goods respectively  
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For any kinds of transportation system, safety measures of passengers and drivers 

are very important and must be fulfilled. Designing and construction of user-

friendly and safer electric vehicle can influence the people to ride on these vehicles 

on daily basis. Along with the mechanic safety issues, some features have been 

added for the advantage and convenience of both passengers and drivers. These 

features such as: rear indicator lights, front light, side mirror and so on can 

undoubtedly help to maintain safety measures of the vehicle and passengers on all 

road conditions. The importance of the safety issues has been recognized and all 

the factors that can help to claim the vehicle can be driven safely has been included 

for the physical safety of both passengers and patients. All these safety measures 

need to be properly utilized by drivers as well as drivers should have proper 

understanding of all the driving instructions as mentioned in details in the training 

manual which is included in APPENDIX C for assisting both novice and experienced 

drivers on how to drive these electrically assisted vehicles safely on roads in order 

to reduce the chances of loosing control over the vehicles.  During the three months 

of test, no hazardous condition took place like losing the control over motor and 

stopping it on emergency basis etc.  

4.4 CONCLUSION 

The above provides a clear picture of the effectiveness of our innovation in the 

practical fields. Next to the advantage of our model in energy saving and safety, a 

number of aspects have come out for improvement while doing the field work. The 

next action is to find out ways to overcome those challenges. 

 

 

 

CHAPTER 5 

THE REDESIGNED SYSTEM (CASE-2) 

Based on the feedbacks and technical analysis of the solar electric rickshaw-vans, a 

number of scopes of improvement have been found. As per our plans in the project 

time-line, we prepared redesigned models of each of the vehicles as shown in Fig 

5.1. The following sections give the detailed analysis of the modified rickshaw-van. 
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Fig 5.1(a): The modified human hauler, ambulance van and cargo hauler 

5.1 THE DESIGN AND DEVELOPMENT OF MODIFIED ELECTRIC 

RICKSHAW-VAN 

Since the use of easy-bikes has become most common in the suburban and rural 

areas, we have focused on developing a model that will be comparable with a 

typical easy-bike. The research engineers in co-operation with the manufacturing 

company Beevatech Ltd. proposed and developed a new design for the rickshaw-

vans. For modification of one of the human haulers, H1, was taken to the workshop 

in Uttara and the redesigned vehicle was implemented. Fig 5.1 and 5.2 show the 

modified design and the work in progress in the workshop respectively. 

  

Fig 5.1(b): The design of the modified Human Hauler 
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Fig 5.2: The work in progress at workshop on modification 

5.1.1 THE KEY FEATURES 

Even though the external structure looks similar to the previous design at first 

glance, some key differences lie in terms of dimension and components used such 

as double sets of more powerful batteries of 48V 50Ah, double motors of 500W 

each, stronger chassis design, thicker, smaller wheels and so on. Table 5.1 provides 

the details of dimension and capacity of the modified van. The main target of this 

modification has been to make the vehicle much more sustainable for all kinds of 

road conditions. Thus, it was very crucial to choose the right specification and 

added features for the development of the re-modified vehicle. 

Table 5.1: Dimension and capacity of the modified van 

The following section discusses some of those components that have been added or 

modified to make the structure more sustainable [17]. 

 

Categories Measurements 

Length of the  passenger box 65 inches 

Width of the vehicle 47.5 inches 

Height of the box 57.5 inches 

Ground Clearance 

Frontal Area 

9.5 inches 

56 inches 

Wheelbase & Dimension of the 

Wheel 

86 inches & 20 inches respectively 

Total Length of the vehicle 121 inches 

Total Height of the vehicle 

from the ground 

77 inches 

Payload Capacity 

Weight of the human hauler 

8 person (Maximum  560 kg) 

Around 300 kg 
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A. BATTERIES 

 

The modified vehicles had the battery configuration of two sets of 48V 50ah. 

This has been done to make the rickshaw-van to go a longer distance or to 

have retained its charge for a longer time. Each set of the batteries have been 

set on each side of the van under the passenger seat. Fig 5.3 shows one set of 

batteries on one side of the vehicle.  

 

 

                 Fig 5.3: One set of batteries on one side of the vehicle 

B. MOTOR 

 

To increase the speed of the vehicle has been another of the challenge faced. 

Hence two 500W BLDC motor have been brought to modification. Each of the  

motors is connected to each set of batteries in parallel. This feature will not 

only increase the speed of the vehicle but also provide a back-up in case one 

of the motor gets damaged on the way. The other motor can easily run the 

vehicle to destination in emergency situation. Fig 5.4a and 5.4b below show 

the two motors and the motor controllers. 
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Fig 5.4a: The Two 500W BLDC motors  

 

 

Fig 5.4b: One of the motor controllers  

 

C. WHEELS 

 

Changing the wheels was the most important or rather coveted by many in 

this modification. The thick-spoke rickshaw wheels have been unable to 

provide the sturdy look of the rickshaw vans. Also in rough roads it has been 

hard for the pullers to use the vehicles. Hence, the wheels have been changed 

to thicker smaller base of 20 inches and tyre size 2.75-14 as shown in Fig 5.5. 
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Fig 5.5: The Wheel 

D. THE BRAKE SYSTEM 

 

To reduce the risk in high speed a triple brake system has been used. The  

next to the hand brake there are triple drum brakes with one pedal brake are  

included in the system in case of emergency motor stop. Fig 5.6-5.2.8 depict 

the various brakes used. 

 

 

Fig 5.6: The Leg brake 
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Fig 5.7: the Hand brake 

 

 

Fig 5.8: The Drum brake 

 

 

E. REVERSE MOVEMENT 

 

Since these types of vehicles are mostly used in the narrow lanes, having a 

reverse movement system is quite a useful feature. For this, the wire in the  

motor-controller with the reverse current direction has been connected to 

come in action when switched on. Usually in motor-rickshaws this 

connection remains idle. Thus, in this new design the pullers can easily pull 

back using the motor. The Fig 5.9 shows the switch for reverse connection. 
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Fig 5.9: The Switch for Reverse Movement 

 

 

F. THE SUSPENSIONS 

 

Another challenge has been to reduce the jerking effect both on passengers 

and the drivers. Since the road conditions of Bangladesh especially in 

alleyways and rural areas are rather deplorable in many places we needed to  

minimize the effect as much as possible. For this, two suspensions under 

each side of the passengers‟ seat have been put. There has also been a 5 th 

front suspension of spring fork type as shown in Fig 5.10. 

 

 

Fig 5.10: Front Suspension 
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G. CHASSIS AND BEAUTIFICATION 

 

A customized stronger chassis has been made to support the whole van as 

shown in Fig 5.11. This has significantly reduced the height of the whole box 

make it more balanced. 

 

Fig 5.11: The chassis 

 

For more ease of access as well as beautification the box for the torque 

sensor circuit has been incorporated next to the pedal. It used to be under 

the seat of passengers below. Similarly separate cabinet for the charge -

controllers have also been made. Fig 5.12-13 depict these modifications. 

 

 

            Fig 5.12: The closed box with the torque sensor circuit  
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          Fig 5.13: The cabinet for charge-controller box 

H. TRAILER 

 

For the cargo hauler an additional trailer has included in the design so that 

more loads can be carried. Fig 5.14 shows this feature. It can be easily 

detached and added with the main body depending on the requirement of 

the users as shown in Fig 5.15a and 5.15b. 
 

 

Fig 5.14: The trailer 
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Fig 5.15a: Unclutched Trailer 

 

Fig 5.15b: Trailer Attached 

 

The following Table 5.2 summarizes the key features of the vehicle: 

 

 

 

 

 

 

 

 

 

Table 5.2: Features of Modified Electric Rickshaw Vans  

Key Features 

DC Series Excitation Brushless Dc 

Motor (2 Units), 48 V, 500 W, 

Total 1000 W 

A Throttle 

Two Motor Controller Unit, One 

for Each Motor 

Reverse Gear System with a Switch 

Eight Sealed Lead Acid Battery (2 

Sets). Each 12v, 50ah,  (Connected 

In Series) 

Main Power Key 

One Head Lights at the Front, and 

Two Indicator Lights at the Back, 

One Light inside the Cabin 

48V/30A, 2 Charge Controllers and 4 Solar 

PV Panel (Each 100w in Series), Total 400 W 
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Back Suspension With Coil Spring 

Shock Absorber  (2 On Each Rear 

Wheels) 

Triple Drum Brake, Including One Brake 

Pedal For Emergency Motor Stop 

Front Suspension Type: Spring 

Fork 

A Windshield At The Front 

Torque Sensor Pedal And Torque 

Adjuster Circuit 

Chassis Type Customized Iron Tubed 

Frame, With Tire Size 2.75-14 

 

Fig 5.16-5.24 shows the overall manufactured vehicle from various angles. 

 

 

Fig 5.16: Modified Van – human hauler (front view) 
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Fig 5.17: Modified Van-human hauler (Side View) 

 

 

Fig 5.18: Modified Van-Human hauler-Back View with doors open 
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Fig 5.19: Modified Van-Ambulance Van (front view) 

 

Fig 5.20: Modified Van-Ambulance Van (side view) 
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Fig 5.21: Modified Van-Ambulance Van (interior back view) 

 

 

Fig 5.22: Modified Van- Cargo Hauler with Trailer (Side View) 
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Fig 5.23: Modified Van- Cargo Hauler with trailer (Back View) 

 

 

 

Fig 5.24: Modified Van-Cargo Hauler with Trailer 
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5.2 FINDINGS AND ANALYSIS 

After the re-design and implementation it was essential to test run the 

manufactured vehicles to evaluate their performance similar to old models. Various 

findings and the analysis have been depicted in the following sections. 

 

5.2.1 CHARACTERISTICS OF THE MODIFIED ELECTRIC VEHICLES 

Upon the manufacture the first task has been to test the performance of the vehicle  

for the various analyses including the load and speed tests. With full load, that is 6 

grown up passengers and the driver, the vehicle was run in the alley ways of Savar. 

For speed analysis the vehicle was run at its highest speed in the nearby plane road. 

A speedometer was used to measure the speed at maximum. After the successful 

undertakings of the tests some key characteristics of the vehicle came up as 

depicted in the Table 5.3 [17]. 

Table 5.3: Characteristics of the modified electric rickshaw -van 

Categories Findings 

Average Speed 20.7 km/h 

Maximum Speed 40.5 km/h- 57.5 km/h 

Maximum Acceleration 0.256 m/s² 

Braking Distance 0.0333 km 

Maximum Deceleration 2.25 m/s² 

Total charging time using 

sunlight energy 

8 hours 

Total charging time using 

power from national grid 

4 hours 30 minutes 

 

5.2.1.1  COMPARISON WITH PREVIOUS MODEL AND STANDARD EASY BIKE  

 

5.2.1.1.a. WITH THE INITIAL MODEL 

Since based on the feedbacks on the initial model the modifications have been 

done. It was necessary to first evaluate the performance in that regard. Various 

measurements and performance tests has been done. It has been found that the 

new model‟s speed has significantly increased. Due to its thicker wheels and front 
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suspension, it is also much more stable than before. There has been more effective 

brake system. Also, it is now possible to control the movement of going backward 

through motor using the switch instead of using manual strength to do so as in the 

previous model. The findings have been illustrated in the Table 5.4. 

Table 5.4: The comparative analysis of the modified version with initially designed 

vehicle. 

Categories Initial/Previous Version Modified Version 

Chassis Type Axle Type Iron Tubed Frame 

Wheel Type And 

Dimension 

Narrow & Larger- 28 Inches Wider &Smaller- 20 Inches 

Battery Type And 

Quantity 

4 Sealed Lead Acid – Each 25 

Ah , 12 V 

8 Sealed Lead Acid Batteries - 

Each 50 Ah, 12 V 

Reverse Gear No Yes 

Brake Type V-Brake Drum Brake 

Payload Capacity  6 Person ( 480 Kg) 8 Person (560 kg) 

Maximum Speed 23.5 km/h 40.5 km/h 

Average Speed 9.9 km/h 20.7 km/h 

 

5.2.1.1.b. WITH THE STANDARD EASY-BIKE 

For a clearer depiction of the success of the experiment, a comparative analysis of 

the vehicle with the standard easy bike has been also done. For these various 

measurements of technical aspects have been collected for evaluation. The findings 

are shown in Table 5.5. Each of the vehicles has been run in the same road 

conditions one after the other with passengers. It has been found that the 

performances of the vehicles are quite comparable in regard of speed and loading. 

In fact, the modified version has minimum jerking [17].   

Table 5.5: The comparative analysis of the modified vehicle with an easy-bike 

Categories Modified Human Hauler 

Version 

Traditional Easy Bike Version 

Dimension L- 3073.5 mm ,W- 1206.5 

mm  & H-1955.8 mm 

L-2800 mm ,W-1050 mm &  H -

1800 mm 

Type of Drive Chain Type Shaft Type 

Battery Type and 

Quantity 

Sealed Lead Batteries 

(12V, 50 Ah, 8 Pieces) 

Lead Acid Batteries(12V , 120-160 

Ah, 5 Pieces) 

Wheelbase 2184 mm 2100 mm 

Brake Type Drum Drum 

Seat Capacity 6-8 Person ( 480 Kg) 6-8 Person (480 Kg) 

Maximum Speed 40.5- 57.5 km/h 40-50 km/h 
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5.2.2 SURVEYS AND FEEDBACKS 

As before we have conducted surveys on various groups of people namely the 

drivers, the passengers, easy bike drivers, mechanics and local community people. 

In the following sections all their feedbacks have been presented. 

A RESPONDENT GROUP: THE HIRED RICKSHAW-DRIVERS 

The new modified version of the electric van made quick popularity among the 

rickshaw-pullers hired for the field tests. All of them agreed on the betterment of 

the vehicle as compared to the old model. Their statements are summarized here: 

“It is definitely better than the older model since the wheels are thicker, less jerking 

and pick-up is good too. It is also comparable with the easy bike. In any kinds of 

roads this vehicle can be used to drive be it main road or rough ones. Compared to 

previous model, the new model’s axle and chassis are much thicker and stronger 

which is a very good aspect of the redesigned model. The speed is greater than the 

previous version.” 

When asked whether they can suggest any more features to add in this modified 

version for improvement, none of them could come up with any ideas. These 

feedbacks have indeed been of great inspiration for us [17], as shown in APPENDIX 

B.   

 

B RESPONDENT GROUP: THE MECHANIC  

The responses of the mechanics were of more insightful about the sustainability of 

our product in all conditions. Based on his years of experience one of the mechanics 

said how despite all the structural strength in this improved mechanism, one key 

feature that required attention was the axle. He suggested that the axle has to be  

thicker and made in such a way that no welding would be required thus removing 

the chances of any loose frictions which might ultimately cause the axle to 

dismantle suddenly while driving. Other than that he was satisfied with the overall 

structure and believed that people would gladly use it. He believed that in all kinds 

of road conditions the vehicle would run smooth [17], as indicated in APPENDIX B.   

 

 

 

C RESPONDENT GROUP: THE EASY-BIKE DRIVERS 

The easy-bike drivers have been also interviewed to get more useful and dynamic 

feedbacks. One of the easy bike drivers were asked to drive the vehicle. After a 

successful drive he seemed satisfied. He believed that it could also travel in all 

kinds of roads. The weight of the vehicle was similar to that of easy-bike according 

to him. He suggested some minor modifications such as using a better horn. Other 

Front Suspension   Spring Fork Coil Spring Shock Absorber 
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than this he was very happy with the drive and believed that any easy-bike driver 

would love to drive this vehicle on road as well. 

Another easy-bike driver who also happened to be a garage owner and have seen 

the older versions of the vehicles at the pilot project was interviewed. Upon 

inspection of the modified vehicles he said that the modified version was really 

good and has the potential of even crossing the quality of the easy bike. He 

appreciated the use of thicker wheels. He compared the vehicle with easy-bikes in 

terms of speed and load capability. When asked about his opinion regarding the 

torque sensor pedal he said, “It is of good advantage. Suppose if I get stuck in a 

place with no charge, I can always pedal to return. This is really good.” He 

appreciated the seats, design as well as the feature of using of two motors [17], as 

mentioned in APPENDIX B.   

D RESPONDENT GROUP: THE PASSENGERS 

The human hauler previously gained quite popularity among the local people as 

they provided regular services to and from the bus stop to different destinations. 

Seeing the new modified model they were all very interested as well as pleased in 

finding such efforts given in the research. They found it very suitable in Bangladesh 

perspective. The interior design, the ride and the overall performance were also 

satisfying to them. When asked about whether or not they will choose this vehicle  

over other electric rickshaws they preferred this one adding that compared to easy-

bikes these have less jerks. Also they felt that the vehicle is safe to use as well [17], 

as demonstrated in APPENDIX B. 

 

E RESPONDENT GROUP: THE COMMUNITY 

 

The community as a whole always bears the impact rendered by any social 

development. Hence, various interviews of people at different social levels living 

nearby to the place where pilot project had been running were interviewed. School 

children, local shopkeeper, tailor, pharmacist, health and community worker of 

BRAC all appreciated the innovation and believed it had great potential to the 

community. 

 

Seeing the modified version a local shopkeeper commented “This modified version is 

better because it has much thicker wheels than the older version. Now people will be 

more interested to ride the vehicles. It also looks good now and since the box is lower 

it will be easier to get into it too. Earlier it was difficult for the old people to get inside. 

Now everyone can. I will be also benefited to use the cargo hauler since it has more 

space for me to carry easily. ” 
 

One of the health workers at BRAC HNPP believed that these vehicles would be very 

useful in emergency cases. She particularly mentioned about the shortcomings they 

have sometimes due to pregnancy complicacy when they had to refer the mothers 

to the hospitals. At those times these vehicles can be used to promptly take the 
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mothers to the local hospitals more efficiently without any problems of rickshaw or 

other vehicle availability. 

 

BRAC officer at Savar gave his valuable opinion regarding the economic and social 

aspects. He believed that use of solar energy would help minimize cost of electricity 

usage from national grid and also save energy. He appreciated the solar ambulance 

van for their potential use in emergency situations when regular vehicles are scarce  

to the patients. Also the cargo hauler would be useful by the local shopkeepers he 

said. He believed that these vehicles would bring great positive change to distant 

rural areas where electricity connections were still unavailable along with any other 

motor vehicles. Overall he appreciated the technology for being environmentally-

friendly. 

 

Encouraging feedback came from a local tailor as well, “It is good to see such new 

vehicle. People can ride it to go to their destinations. It has the advantage of using the 

solar charging if the battery gets finished on the way in any case. It does not have to 

wait on road for back up charging materials.” He also added when asked about 

benefits for local people, “Highest three people can ride on normal rickshaw but in 

rainy season while going to school/college this vehicle can carry 8 to 10 people 

instead of just 3. So this is helpful” [17], as presented in APPENDIX B.  

 

5.3 CONCLUSION 

In re-designed vehicles have proved to be a greater success even though there are 

still rooms for improvement in technical point of view. The surveys have shown the  

awareness of the general people about the benefits of the innovation and utilisation 

in the day to day life. 

 

 

 

 

 

 

CHAPTER 6 

SOCIO-ECONOMIC ANALYSIS AND IMPACT 

 
6.1 SOCIO-ECONOMIC BENEFITS AND ADVANTAGES OF SOLAR 

ASSISTED VEHICLES 
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Development of cost-effective solar assisted electric vehicles (human haulers, 

ambulance vans and cargo haulers) to improve the stability of the vehicles and 

suitability for passengers while riding on these vehicles both in rural and urban 

areas of Bangladesh is very essential. Designing and implementation of the solar 

assisted vehicles for transportation of goods using cargo haulers, and providing 

services to people using human haulers, and carrying patients form homes to 

hospitals in rural areas can fulfil all the requirements of rural people across  the 

country by ensuring better lifestyles and reduce dependency on conventional 

manually driven rickshaw, conventional electric rickshaw, manually driven vans for 

their daily movements. Undoubtedly, developing the electrically assisted vehicles 

with solar panel and torque sensor pedal based on the perspective of the user can 

bring immense socio-economic benefits to the disabled male and female in 

Bangladesh. Nevertheless, creating an effective sustainable business model for the 

electrically assisted vehicles with PV panel and torque sensor pedal so that it can be 

used by all income groups of people (e.g. both poor people, middle -class and rich 

people and so on), who are in need of human haulers and cargo haulers and 

patients who require ambulance vans for emergency medical services can get the 

opportunity to access the vehicles, would demonstrate a positive and a successful 

outcome. 

6.1.1  COMMUNITY USE OF HUMAN HAULER 

Solar Assisted Human Haulers incorporated with torque sensor pedal can play a 

significant role to improve the existing inadequate transport situations in many 

rural areas of Bangladesh. In many on-grid rural areas, conventional electric 

rickshaws and Chinese easy bike are only viable transport options for all types of 

rural aged-groups of people. These vehicles are not suitable in many areas where 

road conditions are not suitable for smooth travelling and also the stability of these 

conventional vehicles is very low compared to that of developed human haulers by 

CARC. A manually driven rickshaw and electric rickshaw can carry maximum three  

people, whereas the developed human hauler has got a payload capacity of 6 

people. Unlike the easy bike and electric rickshaw, the developed human hauler can 

ensure safety of both passengers and drivers. It can also be firmly claimed on the 

basis of the feedbacks obtained from passengers during the field test that the use 

of shock absorbers in both modified and older version human haulers allows 

passengers to experience comfort to a large extent while riding on these vehicles 

and they also feel very minimal jerking on irregular road surfaces. Moreover, unlike  

conventional electric rickshaws and easy bike, human haulers use the solar panels 

to support batteries and the batteries require less time to charge compared to that 

of conventional electric rickshaws and chines easy bike. The developed human 

hauler can bring social benefits to the rural community, both in off-grid and on-grid 

areas. Many poor people find it difficult to afford locally available transport 

facilities. In many rural areas, there are shortages of sufficient proper transport 

facilities that can be used by people in their daily lives. Through the dissemination 

of these human haulers in rural areas, children can use this vehicle for going to 

school, male and female of all aged-groups can ride on human haulers with comfort 

and ease to go to their work places. Availability of this environment friendly human 
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hauler in both on-grid and off-grid areas can significantly help society from facing 

any transport crisis and also reduce pain and sufferings of the rural poor in their 

daily lives. Moreover, the substantial use of the human haulers can also bring 

economic benefits to the people. Drivers can earn more money by riding this human 

hauler compared to that of manually driven rickshaw as well as electric rickshaw. 

This is because the developed human hauler can carry more people to travel same 

distance compared to that of electric rickshaw. Due to the fact that the speed of the  

human hauler is also greater than the electric rickshaw, a driver can travel more 

distance carrying passengers allowing the driver of the human hauler to earn 

substantially more amount of money for the entire day than that of a conventional 

electric and manually driven rickshaw. 

 

6.1.2 COMMUNITY USE OF AMBULANCE VANS 
 

The developed electrically assisted ambulance vans by the CARC can have immense  

benefits to the rural people by providing emergency health services in both on-grid 

and off-grid rural areas of Bangladesh. Despite the fact that the existing health 

services in Unions, villages and upazillas are improving through increase of 

hospitals, medical equipment, doctors and beds, the medical transport service has 

yet remained a matter of concern that needs to be resolved by taking prompt 

actions with care and importance from all the concerned authorities. Currently, 

patients with severe health issues living in rural areas can‟t be sent to hospitals 

located in upazillas or in urban town without any delay due to lack of sufficient 

petrol driven ambulances. The developed ambulance vans can be disseminated in 

hospitals located unions, Thana and community clinics can use these solar assisted 

ambulance vans to carry patients, mothers who are expecting child from their 

homes to these clinics. Usually, people who require medical assistances have to rely 

on manually driven rickshaws, mothers at the time of labor are carried to the 

hospitals using manually driven vans. The uses of these vehicles are not suitable in 

these emergency situations because of the lower speed of the rickshaws compared 

to that of developed solar assisted ambulance vans, poor stability of these vehicles 

while moving in rough surfaces. These patients are left with no other choice but to 

use these uncomfortable modes of transport to reach nearby clinics and medical 

centre such as BRAC Health Service Centre and so on. Thus, they have to experience 

severe trouble and miseries at the time of travelling to clinics. Instead of using 

these uncomfortable conventional available transport services, patients and 

mothers carrying babies can use the developed ambulance vans by CARC to reach 

hospitals at a shorter time and receive emergency medical services without any 

delay. The ambulance vans are equipped with oxygen cylinder compartment, fan, 

and emergency medicine compartment to ensure that the patients receive required 

medical items during the time of using the ambulance van as a mode of transport. 

The designed and developed ambulance van can prove to be beneficial to rural 

patients because the vehicle is suitable to be driven on any types of road surfaces, 

the vehicle has got far more stability compare to that of conventional electric 

rickshaw and manually driven rickshaws. Furthermore, patients can experience 

comfort while travelling on the ambulance vans. These patients can be relieved 
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from any stress and pain while lying on patient bed inside the ambulance at the 

time riding these vehicles. Thus, the solar assisted torque sensor based ambulance 

vans can undeniably bring positive social benefits to  the rural community. The 

social impacts of the developed ambulance vans during the pilot project can be 

acknowledged by the positive impact of these vehicles on the health services. These  

developed ambulance vans is much cheaper compare to that of petrol driven four-

wheeler ambulance vans which are usually used in urban areas. Through the use of 

our cost-effective and cheaper ambulance vans, the Health sector of the government 

of Bangladesh can improve the transport services dramatically. These developed 

vehicles are applicable and suitable for the rural society of Bangladesh can 

undeniably help poor and deprived people of the rural community by allowing them 

to received improved medical services by utilizing these modernized solar assisted 

vehicles. 

 

6.1.3 COMMUNITY USE OF CARGO HAULERS 
 

During the pilot project, the CARC has also developed torque sensor based solar 

assisted cargo haulers. The purpose of this vehicle is to carry vegetables, rice bags, 

foods, beverages, medicine and many products from companies to  different shops 

and markets. The developed cargo hauler can travel longer distances than 

conventional manually driven three wheeler vans. In rural areas, traditional 

manually driven vans are available which can carry only food products such as: 

bread, chips, beverages and so on to different retailer shops and markets. The 

amount of goods that can be carried by the manually driven goods carrier vans is 

much lower than the amount of goods that can be carried by the developed Cargo 

Haulers. Availability of the cargo haulers in rural areas can significantly help shop 

owners to receive supply of large quantity of various types of goods from markets 

and different companies. Furthermore, households can also carry their daily needs 

products at larger amount from markets to their homes. Low incomes groups of 

rural people have to completely rely on cheaper mode of transport such as: vans to 

transport heavy goods for construction purposes over long distances instead of 

using expensive diesel driven four wheeler cargo haulers. The developed cargo 

hauler can be used as an alternative and convenient mode of transport in villages to 

carry heavy loads over longer distances from markets to houses or factories within 

shorter time in order to save money required for transportation of heavy goods 

using the four-wheel driven cargo vans. 

 

All these developed solar assisted vehicles are environment friendly and feasible for 

the rural community in Bangladesh. The use of renewable energy technology in 

these vehicles can reduce the complete dependency of running the vehicles on 

electricity. Reducing the frequent usages of petrol driven vehicles in rural areas, by 

the use of solar assisted electric vehicles developed by CARC can undeniably reduce 

the emission of pollutants to the atmosphere and can ensure the rural areas to be  

greener than before. Besides, the usage of solar panel also alleviates the 

consumption of electricity from the national grid to charge the batteries of the 

vehicle. Chinese Easy bike and traditionally available electric rickshaw solely 
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depend on the national grid for charging the batteries for almost 8-10 hours, 

whereas the use of developed solar assisted vehicles conserve power usage from 

batteries and in turn minimize the overloading of the national grid. The vehicle can 

be driven using the torque sensor pedal technology which enables the driver to 

receive assistance from the battery to run the motor unlike electric rickshaw and 

thus allowing the longevity of the battery to be increased. 

 

6.2 THE ESTIMATED PRICE OF THE SOLAR ASSISTED ELECTRIC 

VEHICLES 

Next to getting the feedbacks on the models, it was also important to do the pricing 

analysis of the vehicles since a number of members of the local community 

including the passengers and easy-bike drivers showed interest about the product 

price. After consulting with Beevatech Ltd. about the manufacturing cost and also 

considering other fixed costs such as solar panel, torque sensor pedal, charge -

controllers and so on, the overall selling price of the modified vehicle with 

48V/50Ah batteries (Case 1) along with the becomes BDT 150,000/=. We have also  

proposed another model with double rear rickshaw wheels and one set of 

48V/35Ah batteries (Case 2) which will have a selling price of around BDT 

130,000/=. However, we have also created options for the consumers to consider 

the fact of their affordability. That way the vehicle itself installed with batteries, 

motors and torques sensor pedal for Case 1 becomes BDT 110,000 and for Case 2 

BDT 90,000 only. The solar panels and charge controllers are considered as a 

separated package of charger kit costing only BDT 40,000. This gives the consumers 

options to purchase the vehicle in an affordable range. 

The Table 6.1 shows the breakdown cost for the price stated. It depicts that the 

common cost for both the different types of models is BDT 40,000 for the 

dedicated solar charger kit (SCK). However, the rest of the manufacturing cost is 

known as “Varying Cost” which depends on the type of motor and the power rating 

of the motor that will be included in the vehicle, number of batteries with varying 

capacity and the overall raw materials that have been used to manufacture the 

vehicle. Solar assisted vehicles of Case 2 have got thinner and long wheels with 

smaller axle, and costs BDT 20,000 lower than modified version of vehicles of Case 

1. This is because the axle used in modified version is custom made with thicker 

axle and smaller and wider wheels used for which the cost varied. The cost is 

expected to get much lower than the price stated in the table , if the mass 

production can be initiated on large market size with increased scalability of the  

product in every on-grid and off-grid rural areas as well as towns and districts of 

Bangladesh. 

Table 6.1: The pricing details for both modified vehicles and the old model with double 

rim rear wheels 

Item 
Case-1 Case-2 
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6.3 COMPETITOR ANALYSIS 

By performance, the Chinese Easy bikes are the main competitor of the solar 

vehicles. Normally, these vehicles are available with a starting price of BDT 130,000 

[21]. By default the manufacturing company provides a battery bank of 120 Ah 

which costs around BDT 30,000. It is then replaced by a bigger battery bank of 

140Ah/160Ah/180Ah (total five batteries) which starts with a price of minimum 

BDT 40,000 [22], to increase the distance coverage and it needs to be replaced in 

every second year [22]. To sum up for five years, one is spending BDT 500,000 only 

for the battery bank of these Chinese Easy bike or in other words Pedicab.  

On the other hand, the vehicles developed by CARC without the charging kit is less 

expensive than the existing easy bikes. The case  1 model costs BDT 110,000 and 

case 2 costs BDT 90,000. In comparison with the CARC Production of Electrically 

assisted torque sensor based tri-wheeler vehicle with torque sensor pedal 

technology, the total cost of 50Ah sealed-lead acid batteries is around BDT 30,000 

and has a guaranteed period of 3 years. The cost comparison between the 

traditional available imported Chinese Easy Bike and CARC developed electric 

vehicles with torque sensor pedal is shown in Table 6.2(a). It shows the initial price 

of both vehicles along with battery replacement cost, duration for replacing 

batteries of CARC developed vehicle which is lower than that of batteries of Chinese 

easy bike and the total cost incurred including the replacement cost of batteries 

after 5 years which is again lower for both modified version (Case-1) vehicles and 

original version vehicles (Case-2). CARC vehicles consist of a torque sensor pedal, 

which reduces the drawing currents from the battery bank and increases the battery 

life-time, so the replacement of the battery bank is reduced, almost once in three  

years. Thus, the replacing cost for case 1 (vehicles with smaller wheels) sum up to a 

projected value of BDT 60,000 after 5 long years which is nearly BDT 20,000 lower 

than the replacing cost of batteries for Chinese easy bike considering that the 

Quantity Total Price 

(BDT) 

Quantity Total 

Price 

(BDT) 

Batteries 
 

2 sets  
(48V 50Ah) 

110,000 

1 set 
(48V 35Ah) 

90,000 
Motor(s) 2 

(500W) 

1 

(750W) 

Torque Sensor Pedal + 
Commissioning the 

whole vehicle  

1 1 

Panel + Charge controller 

+ Installation cost 
(Dedicated Solar Charger 

Kit) 

400W and 

installation for 
1 unit 

40,000 400W and 

installation 
for 1 unit 

40,000 

Grand Total  150,000  130,000 
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batteries will be replaced twice within a period of 5 years. Similarly for case 2 the  

total replacing cost of batteries after 5 years is also almost BDT 50,000 lower than 

that of cost that will need to be incur for replacing Chinese easy bike after the same 

duration of 5 years. 

    Table 6.2(a): Cost of Comparison between CARC developed vehicles & Easy Bike 

COMPARISON 
Subject 

CARC  Production Usual Easy bike 
 

 Case-1 Case-2  

Starting price BDT 110,000 BDT 90,000 BDT 130,000 

Replacing cost 
one time(Battery) 

BDT 60,000 
(2 sets of batteries) 

BDT 30,000 
(1 set of batteries) 

BDT 40,000 
(1 set of batteries) 

Replacing time 3 years 3 years 2 years 

Replacing cost in 
5 years (Battery) 

BDT 60,000 BDT 30,000 BDT 80,000 

5 years total cost BDT 170,000 BDT 120,000 BDT 210,000 

 

Table 6.2(b) shows the total cost comparison that need to be incurred (vehicle 

buying cost and replacing cost of batteries) between CARC developed electric 

vehicles and Chinese standard bike after 5 years. After 5 years, the total cost 

savings for buying modified version electric vehicle (Case-1) is BDT 40,000 and BDT 

90,000 for original version vehicle (Case-2). This is because both initial buying price 

and replacing cost of batteries for both CARC developed electric vehicles is much 

lower than that of the Chinese standard easy bike. After each year, the  total cost 

incurred for CARC developed electric vehicle is also lower than easy bike, and thus 

one person can save around BDT 8,000 every years for modified solar assisted 

vehicles and BDT 18,000 for original electric vehicle (Case-2). Thus, the customer 

can save around BDT 670 and BDT 1,500 in every month. Thus, it can be inferred 

that CARC Production is much more feasible than the usual Electric Auto Rickshaw.  

Table 6.2(b): Cost and saving analysis of the vehicles for 5 years 

 After 5 years Cost  
(In BDT) 

After each year Cost  
(In BDT) 

Easy bike 210,000 42,000 

CARC Production 
Case-1  170,000 34,000 

Case-2  120,000 24,000 

Savings Case-1 40,000 8,000 

Case-2 90,000 18,000 

6.4 POSITIONING STRATEGY OF THE SOLAR ASSISTED VEHICLES 
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Solar Assisted vehicles will follow the Functional Positioning strategy. Mainly it will 

be a business to customer (B2C) type of business. At first, it is necessary to make 

people understand that these vehicles are best alternative in transportation sector. 

The predicted size of the market for the developed electrically assisted human 

haulers, ambulance vans and cargo haulers depends on the popularity and its 

usages among the targeted buyers in areas where the demand for better 

transportation using these technologically innovative vehicles are high and 

desirable. The positioning business strategy and the market size for three different 

types of transport services as mentioned below. 

1 HUMAN HAULER: Considering the feedbacks obtained during the field test from 

local community people, human hauler has the potential to be the most 

demanding and popular mode of transport among the people. Since the main 

purpose of human haulers is to provide comfortable and convenient 

transportation for the rural people, pullers can earn substantial amount of 

money every day compare to that of rickshaw pullers of conventional 

manually driven rickshaws. Hence, buyers of this type of vehicle can buy this 

vehicle as a sustainable source of income and can even consider starting a 

profitable business by renting these human haulers to pullers on daily or 

monthly basis. The prospect of scaling up this vehicle is very high and 

dissemination of these vehicles across Bangladesh can increase significantly 

based on the demand of this vehicle. The market size depends on the 

affordability of the product, availability of raw materials used in the vehicle  

and most importantly on the demand of the human hauler among the 

targeted buyers. Since more than 40% people live under poverty line and 

mostly in rural areas, socio-economic benefits of this vehicle to end 

customers can result selling of human haulers in large quantity leading into 

booming business.  

 

2 AMBULANCE VAN: Similarly, in various upazillas and community clinics 

situated in different unions of Bangladesh, hospitals can be equipped with 

these solar assisted ambulance vans  to provide improved transportation 

services to required patients and in turn the health sector in Bangladesh can 

be significantly improved. Considering the positive role and social benefits 

these ambulance vans can bring to rural health services of Bangladesh, it can 

be assured that the demand of these ambulance vans is likely to take a 

forward leap among both government controlled hospitals and private 

hospitals assigned for providing necessary health services to rural people. 

Despite the fact that the prospect of this new innovative unique mode of 

transport can have preferable future prospect for new entrepreneurs and 

existing business associations, suitable business model and optimum 

business framework needs to be implemented by the help of government 

interventions and taking assistances from various NGO‟s for all types of 

income-level buyers to ensure continuity of the business and expansion of the 

market size in Bangladesh. 
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3 CARGO HAULER: The same principle can also be applied for cargo haulers and 

solar assisted ambulance vans. Usually merchants bring their goods from 

local markets or retailers frequently using manually driven vans in small 

amount. By motivating the shopkeepers to merge with the cargo hauler 

owners, who have bought this type of vehicles for bringing their goods from 

markets and other company distributors in bulk quantity will result to reduce 

their transport cost and help shopkeepers to make their business stable 

without running out of product. Even both owners of cargo haulers including 

drivers can improve their economic conditions and in turn improve their 

living standards by making profit throughout their lives after investing the 

money to buy the product for both personal as well as business purposes. 

Hence, the demand will gradually escalate and leading into growth of the 

market size for torque sensor based solar assisted electrically driven cargo 

haulers.  

6.5 SUSTAINABLE BUSINESS MODEL AND PROPOSED MARKET    

       SCHEME 

Unlike regular product, the market of this vehicle is elastic in nature which makes it 

pretty competitive to survive in the long run, maintaining a low cost profile  and 

provide for the buyers that can only be achieved under certain sets of conditions 

and policies offered by the government. A sustainable and suitable business model 

can be developed for expansion of market size and scalability of the business on 

the solar electric vehicle. Various government organizations and ministry of finance  

can offer subsidy to Partner Organizations (POs) and other micro-finance 

organizations. Different government organizations can obtain fund from various 

local and international development partners such as: World Bank, Asian 

Development Bank (ADB) and so on, which can then be disbursed based on the 

expansion schemes of POs. Different Partner Organizations (POs) such as: Grameen 

Shakti(GS), BRAC, SRIZONY etc should also receive several incentives in the form of 

institutional grant and even receive refinancing from various government 

organizations for the credit that will be provided to customers for buying the solar 

assisted electric vehicle on installments. After receiving the grant in the form of 

subsidy, POs can provide human haulers and cargo haulers to the customers on 

credit following certain down payments rate and interest rate set by the  POs for 

repaying the remaining amount of money will be paid back as a loan till a certain 

preferable period of time.  

From our survey, we have found a decent interest for the customers who will be 

willing to buy cargo haulers and human haulers. The potential customers can be 

rickshaw pullers, entrepreneurs, rickshaw owners who are doing business by 

renting the rickshaws to drivers on daily basis, shopkeeper owners and so on. 

Considering the income level of potential drivers and small business people in rural 

areas, we have felt developing a business model with a flat interest rate can be 

affordable for the customers. According to the survey, the average income of a 

rickshaw puller is around 700-1,100 BDT from which they can save up to 500 BDT 

every day. Through the use of human haulers than their earnings per day almost 
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doubles up, and the use of cargo haulers can potentially enable to triple their 

earnings per day. The following business model include down payment rate, 

interest rate that can be set by POs depending on the time frame to repay the loan, 

percentage of grant that can be offered to POs. These chosen rates are based on the 

existing practises already implemented and followed by customers and various  

microfinance organizations for expansion of businesses in Bangladesh [23]. The 

following sustainable business model for scalability of the business on solar 

assisted vehicles can be initiated and implemented in the following ways. 

 The capital buy down grant (10% of the selling price of the vehicle as 

mentioned in Table 6.1 and 6.2) shall be provided to POs and other NGOs 

form various government organizations to help them reducing the selling 

price of human haulers and cargo haulers. 

 

 Customers shall pay a down payment of 15% on the remaining amount after 

subtracting the grant that shall be provided to POs to buy the solar assisted 

vehicle. Moreover, POs and other micro-finance organizations should also 

receive a fixed refinancing amount (80% based on the micro-credit extended 

to customers). This refinancing amount will be offered for each sale of the  

electric vehicles. Partner Organizations (POs) can repay the amount at a flat 

interest rate of 6% within a time frame of 6-7 years while sustaining their 

businesses without incurring any loss. 

 

 Against these possible incentives receive by POs, the rest of the buying price 

can be repaid on credit on monthly installments for 3 years at a flat interest 

rate of 12%. This interest rate and repayment period enable POs to make 

profits and thus continue to expand the business and make it feasible for 

customers, manufacturers and other business entrepreneurs. 

The financing scheme as shown in Table 6.3 demonstrates the proposed micro-

finance scheme that can be followed to allow customers of all income-level to 

afford human haulers and cargo haulers at a reasonable cheaper and affordable 

price for both Case-1 and Case-2 electric vehicles. The selling price for the modified 

version electric vehicle (Case-2) together with the solar panels, charge controllers 

for charging the batteries purpose is BDT 150,000 as mentioned in the Table 6.1. By 

offering subsidy in the form grant (10% Buy-Down Grant) enable the selling price to 

get reduced. Based on the reduced price, customers will then need to pay a 

reasonable down payment (15%) considering the income generation activities of 

customers. Financial incentives in the form of refinance mechanism (80%) can be 

provided to POs and POs can also contribute certain amount of money (20% of the  

credited amount to customers) for offering loan terms to customers. After 

excluding the buy-down grant, the remaining cost can be refinanced by IDCOL 

which will be BDT 91,800 and rest 20% shall be contributed by POs which is BDT 

22,950. The similar financing scheme can also be applied for buying another model 

of solar assisted vehicle (Case-1) having larger and thinner wheels with narrow axle. 

The total amount of money customer has to pay as down payment and as loan-

repayment is also much lower than that of for modified vehicles. This is because  
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the initial buying price of vehicle (Case-1) with panels, charge controllers is BDT 

20,000 lower than that of modified and redesigned vehicle. 

Table 6.3: Financing mechanism for Solar Assisted Vehicles  

 Category Case-1 
Amount (BDT)  

Case-2 
Amount (BDT)  

Selling Price of the Vehicle with SCK 
(per unit) 

130,000 150,000 

Buy-Down Grant (10% on per unit 
cost) 

13,000 15,000 

Remaining Cost 117,000 135,000 

Customers Down-Payment Rate (15% 
of remaining cost) 

17,550 20,250 

Credit to be paid by customers 99,450 114,750 

Refinance by government 
organizations offer to POs (80%) 

79,560 91,800 

POs contribution (20% of loan 
amount) 

19,890 22,950 

 

In case of Case-2 electric vehicles, the loan amount to be paid by customers is 

reduced to BDT 135,000 that can be repaid on monthly instalments for 3 years or 2 

years considering the same flat interest rate of 12%. The Table 6.4(a) shows in 

details the calculated amount that need to be given by customers for Case-1 type of 

model electric vehicle according to the proposed business policy and table 6.4(b) 

gives the loan repayment scheme for customers willing to buy modified electric 

vehicle(Case-2). Different loan repayment options for both (Case-1 vehicle and Case-

2) vehicle can allow customers to choose any option that will be preferable for 

customers. However, the proposed rates of interest, down payment rate and 

duration of loans may be varied among different POs depending on the availability 

of grant provided by government organizations and other international 

development institutions. The table 6.4(a) presents two different loan repayment 

scheme for one type of electric vehicle model (Case-1) having larger wheels and 

thinner axle. Since the starting price of this model is BDT 130,000 including panels 

and charge controllers, the amount of loan to be paid is also lower than that of 

modified version‟s loan payment. Customer has to pay same amount of total 

interest which is BDT 11,934 for both 2years and 3 years loan schemes. However, 

those customers willing to take 2 years loan payment scheme for Case-1 vehicles 

will have to pay BDT 4641 per month which is exactly BDT 1,547, than the other 

loan repayment scheme that can be covered upto 3 years. Similarly, in order to buy 

Case-2 vehicles, the amount of money to be paid by customers in the form of loan 

is BDT 114,750 within a period of 2 years and this money has to be paid on 

monthly installment of BDT 5,355. The customer can get to buy the modified 

vehicle by paying a down-payment of BDT 20,250 and the rest of money can also be 

repaid by following another loan repayment scheme of 3 years at same interest rate  

of 12% by paying BDT 3,570 on monthly installment. 

Table 6.4(a): Customers’ Loan Repayment Schemes (Case -1) 
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Categories Amount to be paid (BDT) for 2 
years loan duration 

Amount to be paid (BDT) for 3 
years loan duration 

Loan for each unit 
vehicle 

99,450 99,450 

Interest rate cost 
(12% flat) 

11,934 11,934 

Total amount 
(including the 

interest charge) 

111,384 111,384 

Monthly instalment 
by customers 

4,641 3,094 

 

Table 6.4(b): Customers’ Loan Repayment Schemes  (Case-2) 

Categories Amount to be paid (BDT) for 2 
years loan duration 

Amount to be paid (BDT) for 3 
years loan duration 

Loan for each unit 
vehicle 

114,750 114,750 

Interest rate cost 
(12% flat) 

13,770 13,770 

Total amount 
(including the 

interest charge) 

128,520 128,520 

Monthly instalment 
by customers 

5,355 3,570 

 

On the other hand, ambulance vans can be bought by government controlled 

community clinics in different unions and upazilla. Even though the number of 

beds, doctors versus patient ratio has been improved noticeably, the lack of 

availability of ambulance vans is yet remain a concerning issue for the concerned 

authorities. These clinics are allowed to pay the total money in cash or cheque. 

Since hospitals are main targeted customers of solar assisted ambulance vans, 

unlike cargo haulers and human haulers they will hardly get to use the vehicle for 

income-generating purpose. Thus, the proposed business model is such that 

ambulance vans buyers will not have to buy the vehicle on credit and no interest 

charge shall be imposed on them. However, the source of fund for buying 

ambulance vans for various upazilla health complex and community clinics can 

come from the health ministry of the government by assigning certain amount of 

budget on improving the transportation facility of rural hospitals. This proposed 

business model for ambulance vans can be feasible to these clinics as the price of 

the developed ambulance vans is almost 10 times lower than the four wheeler 

engine driven traditional ambulance vans, considering the price of solar assisted 

electrically driven ambulance vans is BDT 150,000 compare to that of four wheeler 

conventional ambulance whose market price is around BDT 1,500,000. 
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6.6 IMPLEMENTATION, SUSTAINABILITY AND MARKETING OF 

THE ELECTRICALLY ASSISTED VEHICLES 

It is of top-most priority to consider present sustainability of the pilot project on 

the developed electric vehicles with PV panel and torque sensor pedal. At present, a 

local manufacturer has been involved to manufacture all the 15 units of developed 

vehicles which are based on the design provided by the CARC research team. 

Workers, technicians and electricians of the same local company have been involved 

to build up the human haulers, ambulance vans and cargo haulers according to the  

changes in the present design of the developed human haulers, cargo haulers and 

ambulance vans. Research Engineers and Project Engineers of the CARC research 

team have worked during the pilot project on the implementation of the improved 

mechanical design and electrical system to make the project more sustainable and 

to make the developed vehicles more feasible for the rural community.  

 

Achieving a three-dimensional framework to develop a successful and a sustainable 

business model for the designed and developed modernized electric rickshaw vans 

are considered of utmost priority, and they are included as:  

 Create Value: The positive value of the electric human haulers, ambulance  

vans and cargo haulers for the low income earning groups of people is 

inevitable and can be created by the widespread initiatives of NGOs, medical 

institutions working for the betterment of the lifestyles of the under-served 

segment of community who require basic as well as medical transport 

facilities in various rural areas.  

 Deliver Value: Delivering Value of the electric vehicles will be achieved by 

recognizing the key activities and resources required for designing and 

manufacturing environment friendly and convenient electric rickshaw vans.  

 Capture Value: Capturing value includes elements like sufficient and 

available physical resources, skilful human resources, supply chain 

management, partnerships with various NGOs and organizations, and use of 

technologies to be integrated together in order to include the production of 

electric vehicles as part of a sustainable business plan. Despite being a 

developing country, skilful workers, mechanics and electricians are available 

working in local manufacturing companies who have got ample experiences 

in welding, cutting and building the mechanical design of the developed 

electric vehicles. Through proper training and support from engineers and 

expertise people of various organizations, these workers will receive 

guidance that will help them to manufacture quality and standardized solar 

assisted electric vehicles for rural community. Moreover, the government and 

existing private organizations such as: BRAC, Grameen Shakti and other 

NGOs, can consider the importance of helping poor people by providing 

short-term and long term loans and some reasonable microfinance schemes 

so that they can buy our developed electric vehicles such as human hauler 

and cargo hauler at relatively affordable price for business purposes to 

support their families and in turn can improve their economic situations. 
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Hospital authorities, nurses and doctors of various hospitals (e.g. 

Community Clinics located in different Upazilla and Unions) can also 

support the initiative of CARC for producing electrically assisted ambulance 

vans and provide us with further valuable feedbacks to improve our 

mechanical design of our developed electric ambulance vans so that the 

vehicle can serve medical transportation at every nook and corner of 

Bangladesh.  

Redesigning and modifications of the product in terms of the size, and other 

aspects is easy and fairly less complicated and can be altered according to the 

needs of patients and doctors and concerned authorities who are willing to use 

these vehicles. During the field test at Savar, drivers have provided valuable 

feedbacks so that the original version human haulers, cargo haulers and ambulance  

vans can be modified and improved further to increase level of comfort for the 

patients and local people of different age groups. Similarly, logistic support form 

entrepreneurs and other existing local electric rickshaw manufacturing companies 

would also ensure the innovative solar assisted electric vehicles can be included in a 

sustainable business plan. Local Entrepreneurs and citizens in rural and urban 

areas should also be empowered to develop the solar assisted electric vehicles as a 

sustainable, scalable profit-making business in Bangladesh so that the entire  rural 

community growth can take place. Nevertheless, the community growth and 

prosperity can occur exponentially by reinvesting maximum amount of profits in 

growth to scale and by doing so the rural community transport infrastructure can 

be significantly improved. In addition, a feasible solution needs to adopted for the 

innovative alternative mode of convenient transport that has been built for rural 

poor societies to drive down the cost of access to full benefits in technology areas, 

while at the same time avoiding the intellectual property that tends to keep the 

costs very high and might deny affordable access to mass population in rural areas 

of Bangladesh. Eventually, through community empowerment for all rural citizens, 

not just a privileged few, but all groups of income earning people by the optimum 

utilization of both foreign and national investments is necessary to cover a holistic 

array community needs in terms of the development of the transport sector in both 

off-grid and on-grid areas in Bangladesh. 

Apart from the cost, one of the major concerns of commercializing the 

technologically advanced electric vehicles in the developing country is the high 

energy consumption overloading the national grid as charging process of traditional 

electric rickshaws are performed by taking electricity from the national grid. In 

order to mitigate the impact on the overloaded grid, the CARC has provided an 

environment friendly open source technology solution for the developed torque  

sensor based electric vehicles. The solution is to build up and implement dedicated 

solar charger kit along with the electric vehicle that can be set up in open space 

around homes as well as to use solar panels on top of the vehicle so that the battery 

can receive assistance of the solar energy to run the vehicle. The use of renewable  

energy which is the solar energy to charge backup batteries by the help solar panels 

ensures the long-term eco-efficiency of the developed electrically assisted human 

haulers, cargo haulers and ambulance vans. Hence, the use of solar panels for 
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providing complete OFF-Grid solution to users through the implementation of the  

solar charger kit incorporated with the electric vehicles enables users can even get 

access to the human haulers, ambulance vans and cargo haulers in rural areas 

where there is no supply of electricity.  

 

Undoubtedly, further actions and inputs are required while considering the long -

term sustainability of the produced electrically assisted vehicles during the pilot 

project. Additional parameters are essential to ensure the longevity and scalability 

of the developed electric vehicles with PV panel and torque sensor pedal and to 

take the pilot project on a larger commercialization scale. One of the major 

parameter is to work with the Quality- based industry or firm with proper 

manufacturing facilities are necessary to manufacture standardized electric vehicles 

according to the suitable design of the worldwide available electric vehicles. Local 

Manufacturing companies like Beevatech Limited are capable to work in 

collaboration with CARC to produce electric these innovative electric rickshaw vans 

with modernized designs and better performance compared to that of existing 

traditional electric rickshaws and Chinese easy bikes with innovative te chnology for 

the expansion of the product among rural community  and to ensure the produced 

electric vehicles can be included as a sustainable business plan and can be scaled 

up throughout the Bangladesh in the future 

 

 

6.7 CONCLUSION 

The purpose of developing a feasible and sustainable business model is essential 

for the growth and scalability of the solar assisted vehicles across every rural areas 

of Bangladesh. The objective for including various types of incentives to NGOs and 

POs can encourage them to get involved in selling these solar assisted vehicles to  

rural clients of all types of income earning level at a cheaper and affordable price. 

Adopting the refinancing mechanism can motivate POs to offer various types of 

loans at lower flat interest rate with several options of loan repayment duration and 

they can also help poorer segments of people to provide subsidy as much as 

possible without any intervention of running their business. Thus, a robust and 

regulated market chain can be established at the rural level that can assure 

improvement in economic condition of customers who can use these vehicles for 

business purposes by increasing their revenue. A constitutional development of a 

feasible business policy with the help of governments can extend the long term 

sustainability and a promising business market in the foreseeable future. 
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CHAPTER 7 

CHARGING TECHNIQUE METHODOLOGY USING 

RENEWABLE ENERGY 
The process of charging batteries by the use of national grid is one of the common 

and most viable options available in Bangladesh. Due to the increasing demand of 

power, the country faces severe problems in providing electricity generation and 

production. By taking into consideration of electricity crisis, finding an alternative  

solution is very essential to mitigate the impact of overloading the national grid 

during charging the batteries of the developed electric vehicles. The Control & 

Applications Research Centre (CARC) wish to propose an implementation and 

development of Solar Battery Charging Station (SBCS) as well as Dedicated Solar 

Charging Kit (SCK) can provide an alternative method for storing charges in sealed 

lead acid batteries by the use of solar energy. The concept of Solar Battery Station 

(SBCS) is becoming popular all over the world because of its effectiveness to 

produce clean and free-energy in completely off-grid rural areas and due to its 

usefulness for charging batteries using the solar energy within a considerable 

period of time [8]. Proper monitoring of activities in SBCS in real-time is of topmost 

priority by developing an effective software system [8, 16] to monitor charging 

parameters of a solar battery charging station as manual checking of every battery 

condition in SBCS demands a great hassle . Developing a central solar battery 

charging station can undoubtedly prove beneficial to many rural people where the 

supply of on-grid electricity has not been yet reached. If SBCS can be implemented 

in significant number in all of rural areas, the dissemination of solar assisted 

electric vehicles for transportation purposes in both on-grid and off-grid areas will 

also be possible allowing the business expansion to take place in every nook and 

corner of Bangladesh. 

Thus, the use of vehicles in distant rural areas our proposed system also comprise  

of two different charging methodology along with the use of national grid. 

Depending on suitability and money require to implement the charging station or 

charging kit, any one of the two different methods namely 1) Solar Battery Charging 

Station and 2) Dedicated Solar Charger Kit can be used by the vehicle users. The 

feasibility and effectiveness of both types of charging methodology has been 

evaluated by developing two different types of charging system as a prototype by 

CARC at BRA University. The following sections discuss about the two proposed 

charging methodology that can be adopted and implemented for future expansion 

of the use of solar assisted vehicles along with the charging syste m by the use of  

renewable energy technology. 

7.1 SOLAR BATTERY CHARGING STATION (SBCS) 

The idea behind implementing the SBCS is to make the electrically assisted 

rickshaws completely independent of the national grid and green through providing 

energy for charging their batteries using solar power. Although it has been shown 
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in the previous chapters that energy consumption of these rickshaws can be 

significantly reduced using the developed torque sensor paddle technology and the 

PV array support, the energy needed to charge their battery at the end of the day 

still has to come from the national grid. This not only puts extra load on the already 

overloaded national grid but also increases environmental pollution and diminishes 

the fossil fuels used for generating this energy. 

It is reported in the SWERA Bangladesh report that the average monthly irradiation 

over Dhaka city varies from 3.16kWh/m-2-day to 5.46kWh/m-2-day, which if can be 

harnessed properly can lead to  diminish our power shortage. Theoretically, each 

electrically assisted rickshaw consumes over 960Wh of energy each day from the  

national grid to charge its battery. The SBCS is designed to harness the ample solar 

energy incident on Bangladesh in order to charge the batteries of the electrically 

assisted rickshaws both in urban and rural areas. Aside from the PV array, used to  

harness solar energy, the station will also facilitate a diesel generator for 

emergencies like cloudy days, where the irradiation is not sufficient to charge the  

batteries or malfunction of the PV array system. 

It is already known that that two sets of batteries (total 8 batteries) are allocated for 

modified version electric vehicles and one sets of lead acid batteries (4 batteries) for 

every old version electric vehicle. One sets to be handed over at the end of the day 

for old version and both sets of battery in case of modified version, which is 

expected to be 50% discharged and will be set for charging. Simultaneously, another 

set of battery would be fully charged by the SBCS already and be ready for service. 

Fig 7.1 shows the concept of battery swapping technique that can be followed to  

replace already discharged batteries to be charged in the charging station bythe  

completely charged batteries available from the solar battery charging station. 

These charged batteries can then be used in the battery compartment and then 

these vehicles can then be driven again on roads.  

 

Fig 7.1: Battery Swapping Technique for SBCS 
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 7.1.1 THE IMPLEMENTED SBCS IN BRACU PREMISES  

CARC has implemented a SBCS as a protype ot project to determine its feasibility, 

performance and applicability at the BRAC University campus [8]. The designed 

system includes a 400Wp PV array (panel 1 and panel 2), primarily and a further 

400Wp array (panel 3 and panel 4) for backup in case the primary array fails or 

malfunctions) that can fully charge two 48V, 25Ah battery simultaneously from 50% 

SOC within a day. Two 200Wp PV modules, connected in series, provides power to a 

68V DC bus which is then divided and fed in to the two sets of batteries using two 

48V, 25A charge controllers. The functional block diagram and the implenetation of 

the prototype SBCS designs is shown in Fig 7.2 and 7.3. The design is flexible 

according to the fact that the PV array size, number of charge controllers require 

depends on the number of sets of batteries that can be charged by the charging 

system. The specifications of the PV modules are:  

 Maximum Power: 200 Wp 

 Nominal voltage: 34.92V 

 Nominal current: 5.70A 

 Open circuit voltage: 44.64V 

 Short circuit current: 6.2A 

 Number of cells: 72 

 Weight: 14.5kg 

 Dimensions: 1580*808(MM*MM) 

 Max system voltage: 600DC 

 Power tolerance: +-3% 

                             

Fig 7.2: Block Diagram For SBCS 
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Fig 7.3 Implemented Charging station on BRAC rooftop 

The block diagram consist of DAQ card, charge controllers, PV panels and external 

circuit. Solar PV panels are connected is series and parallel for charging different 

sets of batteries via two separate charge controllers. For the purpose of monitoring 

charging status of batteries in a computer (e.g. battery charging voltage, solar 

current supplied to panels, charging time remaining) at regular intervals of time, 

DAQ card has been used. Two different circuitry has been designed to feed battery 

voltage as input and the output is fed into DAQ card. Voltage divider circuit is used 

to obtain battery charging voltage which is then shown in the computer monitor by 

the help of the developed software. Power resistors as shown in the block diagram 

is used to obtain solar current supplied to the battery. Finally, real time monitoring 

of the SBCS enable to constantly monitor SOC of battery, solar battery voltage, solar 

battery current and time required to charge batteries completely by using the 

developed software. Overall, the design and implementation of the SBCS along with 

the real-time monitoring of the performance of the following charging methodology 

can be advantageous and more effective than manually supervising and checking 

the charging status of batteries. Fig 7.4 shows the GUI created by the DAC. 

 

Fig 7.4: The GUI created using DAC to montitor the battery status  
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CARC believes the working principle and method that has been used for building 

the prototype SBCS at BRAC University can be applied to implement and develop 

SBCS on a larger scale across the rural areas of Bangladesh. All the components that 

would require to develop a large SBCS system are same, but the only changes in the 

design would be altering the number of PV panels and charge controllers depending 

on the number of sets of batteries that can be charged at a time. The entire SBCS 

charging system can vary is size depending on number of vehicles that can be 

provided charging services at the same time. Depending on the land size available, 

different size of SBCS systems can be implemented based on the demands and 

needs of the vehicle owners and users willing to charge batteries.  

7.2 DEDICATED SOLAR CHARGER KIT (SCK)  

Since implementing SBCS requires much more space, fund and demand by the mass 

community in the distant areas, it may not be always a feasible method of charging 

the vehicles in a locality. Hence an alternate method of charging, namely Dedicated 

Solar Charger Kit, has been proposed. As the name suggests the charger kit will be 

an exclusive one used for the purpose of charging the vehicle in the household of 

the vehicle drivers. This is more suitable for those who personally own the vehicles. 

The system is compiled with a mono-crystalline series connected solar panel, a 

solar charge controller, four batteries connected in series making it a one unit 

battery and a battery voltage indicator. This system is solely made for charging up 

vehicle batteries staying at home with the help of solar energy instead of depending 

on the national grid. It is a complete off-grid solution which not only saves 

electricity coming from national grid but also reduces the hassle of charging 

batteries on a charging station in queue. This kit is easy to use and requires not 

much skill to use it. Thus it suits best for the people of rural and developing areas. 

The following Fig 7.5 depicts the overall concept diagram of the system. As 

demanded by the vehicle system, a 400W PV panel for 48V/50Ah batteries has been 

used. The method of swapping the discharged battery with the charged one can be 

used. 

 

Fig 7.5:  Concept for the Dedicated Solar Charger Kit  
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7.2.1 THE PROTOTYPE IMPLEMENTATION OF SCK  

The SCK has been implemented in Savar. Several tests were done with the system to 

find the outputs to analyze the results [24]. All the tests to analyze the behavior of 

the system were done in CARC, Savar. Fig 7.6 and 7.7 show the practical set up of 

the charger kit in Savar. 

 

Fig 7.6: The charger kit set up in Savar  

 

Fig 7.7: The charger kit with the vehicle 

 The field tests included 

 Finding the charging data of the 25Ah, 35Ah and 50Ah batteries. 

 Finding the discharging data of the 25Ah, 35Ah and 50Ah batteries. 

 Calculating the efficiency of the panels using Megger Irradiance meter. 

 Calculating the short circuit current output with the measurements taken 

from the Megger irradiance meter. 

 Analyze the data measured using the irradiance meter. 

 

The tests were done on three types of batteries 25Ah, 35Ah and 50 Ah. These 

batteries were charged using our solar charging kit and then discharged in electric 

vehicles. All the measurements were recorded. The electric vehicles used for this 
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purpose are Human Hauler and Cargo hauler.  The result on the analysis is available 

in. 

After implementing our idea of the dedicated solar powered charging kit and 

obtaining all the field test analysis we come up with an affirmative result that this 

system is a success to a great extent. This charging system is one of the simplest 

inventions conducted using solar energy for charging purpose. It can minimize 

consumption of national grid power in rural areas to some extent. Though at first 

the sum of money required for buying the equipment can be a pressure for the 

village people but if they dare to invest money in this kit they will not only prove  

themselves responsible citizens but also receive the benefits of using the kit. 

Starting from one it can create a chain by influencing more and more people for 

buying this kit.  

7.3 CONCLUSION 

The chapter provides a detailed analysis of the various approach of charging that 

can be done using renewable energy. Even though our vehicles consist of a panel on 

the roof these charging methods provides an alternative for faster charge during 

overuse and use the battery swapping method. Among the two methods SBCS is 

more suitable for mass implementation. Depending on size of the panels each 

charging station can provide service to numerous vehicles at a time with monitoring 

system similar to the concept of petrol station. On the other hand dedicated solar 

charging kit is a more personalized concept for individual vehicle at home. Any 

household can install this system to provide self-service of charging their vehicle 

whenever required. Both of the methods are very effective e specially in the rural 

off-grid areas as well as to reduction of the burden of energy use from national 

grid. 
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CHAPTER 8 

CONCLUSION 

The one year long project has provided us with significant progress and insights 

about the performance of the developed vehicles in the real world. The goal of the 

pilot project “Addressing the Energy Consumption Issues of Electrically Assisted 

Rickshaw-Vans Using Torque Sensor Based Assist and a Battery Charging 

Infrastructure – a Complete Off-grid Solution” has been to analyse the performance 

of the innovated models in the practical field so as to understand the feasibility and 

find the scopes for improvement during implementation in a mass scale. 

After the initial examination in lab conditions on normal rickshaw as well as 

prototype development in collaboration with Beevatech Ltd, CARC has moved on to 

produce three different designs of electric vans based on their different usage as 

carriers of passengers, patients and goods. 15 units of vehicles, 5 units for each of 

the three types, financed by Infrastructure Development Company Limited (IDCOL) 

and supported by the World Bank have been produced. The three types of the 

vehicle have been referred to as human hauler, ambulance van and cargo hauler. 

This has been done to address the manual labour profoundly used in the rural 

areas for the purposes as well as combat the electricity supply shortage in national 

grid as illegal electrical vehicles come to the market. To find an energy efficient 

solution to these problems was a challenge.  

Thus, the designs developed to incorporate the solar power and torque sensor 

pedal in the system. The overall specifications of the main system components 

slightly vary from model to model. Human haulers comparatively lighter than 

others since made of rexin have a set of 48V/25Ah battery with 750W BLDC motor. 

The ambulance van with an interior design more patient/medical-condition-friendly 

has been equipped with similar components as human hauler, however, as a test 

run one of the ambulance vans was made with double rear wheel, double battery 

sets and double 500W motors. The cargo haulers retains this double rear wheels in 

design but have a set of 48V/35Ah battery with one 750W motor. In all the vehicles 

a 400W (100WX4) PV panel has been installed along with the 48V charge-controller 

and torque sensor pedal. A special circuitry has been required to implement the 

torque-sensor module with the system [25] [26]. The research engineers first 

designed and developed the PCB circuit of the system and performed the lab test. 

Once the lab test is passed the circuit is then implemented in the manufactured 

vehicle. 

After the successful implementation of the 15 units of vehicles we have done the 

performance analysis taking into considerations both the technical and qualitative 

aspects. Starting from January 2016 the field test period lasted till April 2016. All 

the field work has been documented with videos and pictures. The technical aspects 

have been depicted graphically and it has shown satisfactory result. For qualitative 

analysis the feedbacks of the rickshaw pullers, different users of the vehicles and 

safety measures have been examined. A number of factors such as change of the 
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wheels, modifying brakes, change in dimensions and specifications have been noted 

down during this period. 

Based on various feedbacks, we have re-designed and implemented the required 

modifications of three of the vehicles for three types. Keeping similar skeletal 

structure of each of the vehicles type, they share the general modification in the  

specification with a stronger chassis, smaller and thicker wheels, frontal 

suspension, drum brake system and so on. Several tests have been done including 

speed tests and giving community services. Community perspectives as well as 

expert feedbacks have been then taken. Overall, the modified vehicles have proved 

to provide much better service with significant improvement that has even made 

them comparable with the Chinese standard easy-bikes used in the locality. 

However, a number of minor adjustments in the manufacture of the structure may 

be carried out to obtain a more sustainable system. Various members of the 

community including the BRAC health workers, shopkeepers, passengers, the 

drivers and so on have appreciated the modified product.  

Lastly, socio-economic analysis has been done extensively to understand the future 

market production of these products in both local and global market. A business 

model has been developed that uses the concept of the already successfully 

implemented project of solar home system in Bangladesh. Thus, despite having 

seemingly high cost initially, the payback calculations prove to be of greater 

advantage for the rural people. Upon implementation in mass scale these vehicles 

can help improve the living standard of the people in the rural regions of 

Bangladesh in a legalized way. Scope of implementation of business model schemes 

has been also analysed and proposed to introduce the new technology in rural 

Bangladesh. A joint collaboration of the government, financial organisations and 

various partner organisations can play significant role towards this development 

sector. 

Addressing all the challenges faced while manufacturing these solar assisted 

vehicles will raise the acceptance of the environment friendly product among the 

rural community significantly and this can help to receive the government approval 

for using electrical vehicles with the scope of acceptance by the international 

community. Furthermore, the concept of various charging method using solar 

energy can give us a complete off-grid solution to the overall systems. 

 

 

-------THE END------- 
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