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Abstract 
 

In this paper, we present an intercity bus that is powered by electrical energy 

partially generated by a p-v generator fixed at its roof surface and partially 

from fast-charging. As the bus travels for relatively longer distances, the 

balance of energy is generated in the bus itself, using a highly efficient two-

stroke opposed-piston diesel engine, operated at a set-point with maximum 

thermal efficiency and minimum emissions, coupled to an alternator. The 

paper presents the design plan, the materials and technologies that would 

facilitate to frame out the target design. This concept provides the operator 

with the flexibility in the operation without worrying about the charging 

facility nor the varying solar incidence.    
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1 Introduction 
 

The intercity buses normally require high power, as they are driven at 

relatively high speeds. As they are driven for a distance of about 400 to 

1200km per day, they consume large quantity of energy. When diesel is the 

energy source, due to its ready availability, it can be sourced fast and easy. 

When we use electric motor as the prime-mover, as these buses need to travel 

for long distances, charging the batteries itself is a time-consuming act. 

Moreover, the charging facilities are not present along the highways. Also, 

the large energy storage requires massive batteries, which in turn need pretty 

large energy to carry them around. They require sophisticated charging 

equipment to charge them relatively fast, which in turn takes a toll on its life. 

The battery with lithium chemistry will cost at least 150USD per kWh, 

costing a 500kWh battery about 75000USD; which is almost the price of a 

diesel bus. The battery most likely would have to be replaced in 5 years or 

less with this kind of usage. Due to sustainability issues, new solutions 

making use of the appropriate technologies available need to developed. 

Hybrid buses that could cover twice the distance with the same quantity of 

diesel as a conventional diesel bus, costing around the same price would 

make lot of sense from the operator’s perspective and the environmentalist’s 

point of view. A hybrid that is relatively independent of the charging stations 

offers unlimited flexibility. The recent developments in nanotechnology and 

artificial intelligence tools that integrates design and manufacturing could 

facilitate the development of a hybrid bus that is fuel-efficient, safe and 

reliable.  

Although diesel engines have brake thermal efficiency of about 40%, due 

to continuously varying torque demand, the operational efficiency when used 

in the drivetrain of the bus falls sharply. The bus is not operated around the 

engine’s high efficiency set points. The losses in transmission, brake-pads 

and wheels and sub-optimal operation of air-compressor, alternator etc. 

directly coupled to the engine also contribute to the inefficiency.  

As inter-city buses are operated at relatively high speeds, the energy 

required to overcome rolling resistance and aerodynamic drag are significant. 

The energy wasted during braking, if not recovered, and the energy required 

for air-conditioning are also significant. An electric hybrid with ultra-

capacitor storage and, a highly efficient diesel engine coupled with an 

alternator are the important sub-systems that make up the hybrid drive-train. 

  

2 Design logic 
 

A triple-axle, inter-city bus has a length of about 14m, it has effective 

roof surface area of about 35sq-m, which is used to harvest the solar energy, 

falling 
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on that surface. This electrical energy could be used to partly contribute to 

energy requirement of the bus.  

The in-wheel-generator design and control strategy employed in the 

power electronics module with respect to the generation is to maximize the 

energy recovery during braking. 

The mass of the bus is the single most contributing factor for the rolling 

resistance and the aerodynamic drag. Hence, the design plan ought to 

minimize the mass of the bus, without compromising on its crash worthiness. 

The shape of the body and the frontal area are also important factors that 

reduce the aerodynamic resistance. The body panels should have multiple 

properties that reduce the cooling and heating load, serve as an ultra-

capacitor bank and also provide adequate strength[1][3][6]. 

The design plan is to target a mass of less than 3500kg for the concept 

bus. The convention is to construct the body over the chassis which supports 

the engine, the transmission and other components. The wheels support the 

chassis frame with the suspension components are suspended between them. 

For the diesel triple-axle inter-city bus, the chassis weighs about 6000kg and 

the constructed body another 6000kg. In the concept design, the function of 

the chassis frame is integrated with the base of the structure of the body. The 

suspension is mounted directly to the base of the body frame at the stipulated 

locations. The bus is powered by two in-wheel motor-generators fitted to the 

middle-axle. The axles in the front and rear are passive.  

In the concept bus design, the components suspended below the body 

including the tyres, rims, hubs, helical springs, air-bellows, links, in-wheel 

motors etc. would weigh about 700kg. The structural frame of the body 

would be fabricated with aluminium 6063 alloy by additive manufacturing 

[7] [8]. As aluminium 6063 has one-third the mass of steel and, as additive 

manufacturing permits to selectively alter the geometry of the frame at 

different locations depending on the nature and magnitude of the stress acting 

at that area, the mass of the structure would be about one-fifth the mass of 

the conventional steel structure. Additive manufacturing would promote to 

integrate design and fabrication and facilitate in reducing the net cost [9][10]. 

 The skin of the body would have composite panels that would reduce 

the skin mass by half. Conventionally the seating weigh about 1200kg. 

Light-weight seating [15][16] reduce the mass of the seating systems by one-

third and further improvements could reduce the mass by half. Transparent 

polycarbonate sheets would replace glass windows. 

The pervoskite p-v film [5] attached to the roof’s surface converts 

sunlight into electrical energy and stores in the ultra-capacitors that are 

integrated into the body panels. The addition of mass on account of the p-v 

generator and ultra-capacitor is not significant. Though the ultra-capacitor 

selected [4] would weigh 480kg for the 100kWh storage, as the ultra-

capacitor is fabricated on the stainless steel sheet, as it would also serve as 

part of the body panel, it would not increase the mass of the body. 
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As the passengers spend long periods, their comfort depends on the 

temperature, humidity and carbon dioxide concentration inside the bus. To 

maintain the carbon dioxide level below the desired 1000ppm, the mixing 

ratio needs to be changed accordingly. Active monitoring and control would 

reduce the energy consumed by the air-conditioner [13][14]. All factors 

except the thermal load of passengers and the temperature of the outside air 

could be controlled by appropriate material selection and design. The flow of 

heat between the inside and outside of the bus should be controlled. For 

example, by fixing switchable films [12] to the transparent areas will let 

sunlight to reach the interior when heating is required and prevent it when 

cooling is required. Composites [2] that are good insulators could be selected 

or thin coats of thermal insulators could be coated on the skin of the body. 

 

3 Hybrid Drive-Train 
 

The sub-systems of the drive-train are shown in the diagram below. S is 

the pervoskite p-v generator fixed to the roof surface, exposed to the solar 

radiation. The charge controller V regulates the current flowing into the 

ultra-capacitor bank. The ultra-capacitor bank U is fabricated with thiol-

functionalized graphene [4] that has very high power and energy densities. 

The power electronics module P controls the magnitude and direction of the 

current flow in between U, A and M1& M2 . The diesel engine D is a two-

stroke opposed-piston diesel engine [11] coupled to the alternator A, which 

also functions to start the engine. Figure 1 Block Diagram of the Hybrid 

Drive-Train. 

 

 
 

Figure 1 Block Diagram of the Hybrid Drive-Train 

Control signal 

Current flow 
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S - Solar P-V Generator   V - Charge controller 

U - Ultra- capacitor    P - Power Electronics 

A - Alternator     D- Diesel engine 

  M1& M2 - In-wheel motor-generators 

 

4 Calculations 
 

Rolling Resistance 

Fr = Cr mg 

Cr  = Rolling resistance 

m   = Mass of the vehicle 

g    = Acceleration due to gravity 

Fr   = 0.006 8000  9.81 N 

        = 470.9 N 

Aerodynamic resistance 

Fd = Cd
1

2
v

2
A 

Cd = Drag coefficient 

   = Density of air 

 v  = Velocity of the vehicle 

A  = Frontal area 

Fd  =  0.33 
1

2
 1.2 25 25 7N 

      = 866 N 

Power required to move the vehicle at a constant speed of 90 km/hr. 

   PC90  = (Fr + Fd)   v
1


 

          v  = velocity of the vehicle 

           = Efficiency of the drive-train 

      PC90 = (470.9+866)25
1

0 .9
W 

              = 37 kW 

 Kinetic energy of the bus at 90 km/hr. 

      E90 =
1

2
80002525 J 

            = 0.694 kWh 

Power required to accelerate the bus from 0-90 km/h with full load in 20 

seconds 

         PA90 =  E90/t 
1


 

            = 138.8 kW 
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Power generated in decelerating the bus from 90 to 0 km/hr. with full 

load in 10 seconds  

        PD90 =  E90 /t  

           = 224.9 kW 

Power rating of the in-wheel motor selected is 100 kW 2 

Energy generated by the solar P-V per day 

EPV  = A tsC 

    A = Effective area of the perovskite film 

      t = average hours of solar incidence 

     s = incidence per unit area 

  C = conversion efficiency 

EPV = 357.510.29kWh 

       = 76.39kWh 

Mass of ultra-capacitor for a storage of 100 kWh 

  M = 
E n e rg y  to  b e s to re d

E n e rg y  d e n s ity  p e r  u n it  m a s s
 

      =
1 0 0 0 0 0 W h

2 0 8 W h /K g
 

      = 480.1 kg 

 Power rating of the engine Pe 

      Pe = Pc90
a

1



z

P

 
 PC90  =  Power required to maintain an average speed of 90km/h 

    
a
  =  efficiency of the alternator   

    Pz   =   power consumed by air conditioner, lightings and other 

accessories 

         Pe  =  37
1

 
+10 kW 

         = 49 kW 

A two-stroke opposed-piston two cylinder diesel engine with a thermal 

efficiency of 50% and a power output of 50-60kW, at maximum torque is 

selected. A free-piston engine-generator with similar efficiency could also be 

used. 

 

4.1 Design Framework 
 

As there is supply infrastructure for the sub-systems of the drive-train, 

the steering system, the air-conditioning system and, as the manufacturing 

technologies for these components are developed quite well, the design and 

development of the body frame and the ultra-capacitor body panels should be 

the focus. 

 

Shekaina Justin et al. 10686



                                                                                                                  
 

 
 

 

 

4.2 Specific Trip Energy Calculation 
 

Consider the concept bus being operated between Riyadh and Dammam, 

the distance between them is 410 km. The bus does a round trip on a day, its 

starts from Riyadh in the morning reaches Dammam by noon and returns in 

the evening after a short break. The bus convers the urban roads of about 60 

km at an average speed of 30 km/h and the highways at an average speed of 

90 km/hr.  

The total running time is 
6 0 8 1 0 - 6 0

h rs .
 

  
   

 
= 10 h and 20 min. 

The bus has full occupancy and the total mass of the bus is 8000 kg 

The total energy required for this trip               = E30 + E90 + Eb 

         = (25.722) + (498.33) + 

(138.82-224.9)0.1

          = 465.3 kWh 

 Eb is the net energy lost during regenerative braking. 

The bus is fully charged with a fast charging device at Riyadh and Dammam 

(Assuming that 90 kWh is charged at Riyadh and 90 kWh at Dammam) 

The energy generated by the PV generator 76kwh. 

The balance of 209 kWh is generated by the engine-generator. 

The diesel consumed for the entire trip based on these values is 44 litres. 

 (209/10/0.50/0.95) = 44l, the energy equivalent of a litre of diesel is 10kWh, 

efficiency of the engine is 50% and alternator is 95%. 

A conventional diesel bus operating in the same route would have a fuel 

mileage of 2.8kpl. That would have consumed 293 litres of diesel. This in 

effect reduces the burning of Oxygen from the atmosphere to about 478 

kg/day. 

 

5 Conclusion 
 

Some of the calculations are only indicative as the acceleration and 

deceleration characteristics vary depending on the driving style and the 

traffic in real time, but the errors are expected to be low. Also, the target 

mass of the design should be achieved without much increase in the net cost. 

As the calculations made, particularly for ultra-capacitors are based on 

laboratory figures, to get reliable results when fabricated as a body panel 

could be challenging.  
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