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Abstract: Rapid but unplanned urban development coupled with economic growth has resulted in 

congestion and pollution concerns in Indian cities. This forced India consider taking concrete steps 

towards design policies that would help stir the nation towards a more sustainable future. India, 

along with other bigger Asian economies like China, needs to address the growing global concerns 

over climate change and design their framework and policies to help cut down the greenhouse gas 

emissions. Transportation is a major source of pollution. A shift towards a pro-public transport 

policy would solve the traffic congestion problems and address the emission concerns. India has a 

significantly higher modal share of public transportation in its major cities. Public bus transport 

system acts as a lifeline to the India’s poor and middle class citizens. The following study focuses on 

the need for a replacement of conventional fossil fuel dependent buses with Electric buses in the 

existing public transport bus fleet in the city of Bengaluru. A design has been developed to utilize 

wireless charging technologies to realize electric bus migration in Bengaluru. 

Keywords: electric bus; induction charging; exhaust emission reduction; public transport; smart city; 

sustainable living; opportunity charging 

 

1. Introduction  

Asia-pacific region has experienced a rapid economic growth over the last two decades. It is 

forecasted that this region will become the fastest growing source of greenhouse gas emissions 
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globally contributing around 45% of the global energy-related carbon dioxide emissions by 2030. 

The region is estimated to share 38% of the total growth in the world surface transport emissions in 

2050. Large cities in India, China and Latin America will more than double their share of world 

passenger transport emissions from 9% in 2010 to 20% in 2050. By 2030, India and China will 

contribute more than half of transport related emissions in the world [1].  

In 2009, India had the third largest energy demand in the world after China and the United 

States and just ahead of Russia. India’s energy demand in 2009 was 669 million tons of oil 

equivalent (Mtoe) which was more than double of its demand in 1990 [1]. It had the third largest 

energy demand in the world after China and the United States. However, India’s per-capita energy 

consumption is 0.58 (toe/capita) which is still at a much lower level compared to the world average 

of 1.8, OECD of 4.28, China of 1.7 and Africa of 0.67 in 2009 [2]. With a growing economy and 

population, CO2 emissions are projected to rise to 540 megatons by 2050. Air pollution is a serious 

challenge in India. According to world health organization (WHO) every year about 600,000 people 

in India die from diseases directly related to air pollution. It is the sixth largest cause of death in the 

country [3]. 

By 2050, a private transport-oriented policy for Indian cities would lead to 67% of urban 

mobility being covered by car traffic, 17% and 5% with motorized two and three wheelers 

respectively making public transportation accounting to only 11%. Whereas, with a pro-public 

transport policy, the share of buses and other public transport forms could reach as high as 39% and 

making it at par with car travel share of 40% with 12% and 9% share of two and three wheelers 

respectively. Policies that favor car use could lead to an emission growth by 47%. Whereas, policies 

that favor public transport could reduce emissions by 37% [4]. It is important for India to adapt a 

pro-public transport policy for combatting climate change.  

Internal combustion engines (ICEs) can only give a maximum efficiency of 30% [5,6]. A more 

sustainable alternative in required considering the increasing oil prices and the emission concerns [5]. 

An alternative to the India’s conventional fossil fuel dependent public bus transportation system is 

the electric bus. Countries in Europe and America have already started to see the potential of electric 

buses in public transit. There are several projects underway such as European Bus System of the 

Future (EBSF 1 and 2) [7], Zero Emission Urban Bus System (ZeEUS) [8] and Electrification of 

Public Transport in Cities (ELIPTIC) [9]. While they are focusing on slightly different aspects of the 

research field, they all aim at creating technological innovations, uses cases and novel business 

models to increase the use of electric buses in urban set ups. Furthermore, they are looking at 

creating solutions for real-life set ups in European cities such as London, Dresden and Barcelona, 

since they have found that electric bus solutions at a specific location have proved to be more viable 

than at theoretical non-places. Giving a thorough review of electric bus research and pilot projects is 

clearly out of scope of this paper. However, these projects show the timeliness and importance of 

considering similar situations for countries like India where the population is large, growth rate is 

much higher and urban pollution levels are alarming. Population, traffic congestion and erratic power 

supply are the major concerns for the usage of electric buses in India. Integration of renewable 

energy into the power grid, proper route planning and use of dynamic charging technologies will 

help Indian cities to follow the examples from Europe and America. Previous research shows how 

the introduction of electric buses help with CO2 reduction [10] and even retrofitting already existing 

bus fleets has enormous advantages [11]. 
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2. Overview of Transportation in Bengaluru, India 

The rate of public transport in some of the Indian cities is relatively higher than world  

standards (Table 1). In contrast, the share in some cities of Australia and New Zealand is relatively 

low by world standards accounting to an average of 5% of all trips made using public transport. 

Cities in United States have recorded similar lower rates of about 3% of all trips. On the other hand, 

rates of public transport use are relatively high in both Western European (WEU) cities such as 

London and Paris, which is 19% of all trips, and high-income Asian cities such as Tokyo and Hong 

Kong recorded as high as a 30% rate [5,12,13]. As seen from above facts, it is clear that public 

transport usage is high in congested and densely populated cities. Similarly, Bengaluru is India’s 

third largest city with a population of 8.47 million. With an annual per capita income of  

$ 1,816.30 USD, highest among metropolitan regions in India, it is the second fastest growing major 

metropolis in India. It is popularly known as the “Silicon Valley of India” [14,15]. Table 1 shows the 

modal transport distribution in Indian cities. A study conducted by Centre for Science and  

Environment (CSE) on motor vehicle registrations in Bengaluru indicates that more than 1,200 

vehicles are registered every day. 

Table 1. Transportation modal split of Indian cities [15]. 

City 
Population 

(million) 

Land Area 

(km
2
) 

Private 

Transport 

Public 

Transport 

Para 

Transit 
Cycle Walk 

Mumbai 12.5 603 15 45 7 6 27 

Delhi 11 431 19 42 6 12 21 

Bengaluru 8.4 226 25 35 7 7 26 

Ahmedabad 5.6 281 42 16 6 14 22 

Out of these 250 are cars and close to 900 are two wheelers accounting to about 90% of the total 

registered vehicles in the city [16]. The past decade has seen an increase from 9.2% to 17.5% in 

households owning a four-wheeled vehicle and an increase from 32.8% to 44.3% in households 

owning two-wheelers [16]. 

Bengaluru’s current traffic on roads is 2.5 times higher than its designed capacity. The travel 

speeds on the roads have dropped down to about 15 kmph during peak hours [12].  

Spending more than 240 hours stuck in traffic each year has resulted in loss of productivity, 

reduced air quality, reduced quality of life, and increased costs of goods and services for the average 

citizens of Bengaluru [16]. 

Transport sector is the major source of air pollutants in Bengaluru. According to studies 

conducted in 2012, vehicles contributed 41% of particulate matter emissions and 67% of all NOx 

emissions released in the city [16]. 

Private vehicles, having combined mode share of 25% for all trips, are responsible for a 

disproportionate share of air pollutant emissions in city [17]. Two-wheelers alone contribute to more 

than 65% of hydrocarbons and 50% of carbon monoxide emitted by vehicular sources in  

Bengaluru [18]. Studies show that increasing public transportation share in the city can reduce the 

fuel consumption, number of vehicles and bring down the pollution levels significantly. An increase 
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in bus share to 80% can save about 21% of fuel consumed leading to 23% reduction in total vehicles 

freeing road space equivalent to taking off about 418,210 cars from roads [16]. 

3. Overview of Transportation in Bengaluru, India 

Increasing environmental concerns and unstable fuel prices have made hybrid vehicles (HEVs) 

and Battery Electric Vehicles (BEVs) a more sustainable replacement to the conventional fossil fuel 

operated vehicles. Simplified layouts of the different city bus configurations are shown in  

Figure 1 (ICE = Diesel Engine, TX = transmission, FD = final drive, AUX = auxiliary devices,  

TC = torque coupler, MC = motor/controller, BATT = battery, GEN-SET = engine-generator) [19].  

Different bus configurations can be categorized as follows [20]: 

• CONV: A lightweight diesel city bus. 

• PAR 1: A parallel hybrid bus with ultra-capacitors as energy storage. 

• PAR 2: A parallel hybrid bus with a high-power lithium-ion battery as energy storage. 

• SER 1: A series hybrid bus with a high-power lithium-ion battery as energy storage. 

• SER 2: A plug-in hybrid bus with a series hybrid powertrain and a high-energy lithium-ion 

battery as energy storage. 

• EV: A full electric city bus with a high-energy lithium-ion battery as energy storage. 

3.1.  Performance comparison of electric buses 

There is tremendous potential in electric vehicles to achieve lower energy consumption than 

conventional vehicles [21]. The operation range remains a challenge for passenger vehicles, however 

proper charge management and route planning can make the use of electric bus more feasible. The 

simulation results obtained from ADVISOR, a vehicle simulation program, clearly show that energy 

efficiency of the city bus is significantly improved by electrification [20]. 

 

Figure 1. Simplified layouts of different city bus configurations [20]. 
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There is a large variation in the energy efficiency depending on the driving cycle and bus 

configuration. Figure 2 presents a summary of the energy consumption variation for each bus 

configuration. These results show that the electric city buses have much lower energy consumption 

per kilometer compared to the other types of buses [20].  

 

Figure 2. Variation of energy consumption [20]. 

Electric buses are zero emission buses as fossil fuels are not used to power them. On the other 

hand hybrid electric buses use both electricity from charged batteries and fossil fuels as a source of 

power. The emissions from various hybrid bus configurations are compared in Figure 3.  

 

Figure 3. Reduction of the regulated emissions for hybrid city buses [20]. 

The impact of the driving cycles is much higher on the emissions than on the energy 

consumption [20]. The average driving speed has no significant impact on the plug-in hybrid and 

electric city bus’ energy consumption (Figure 4). The low speed operation at speeds less than  

15 km/h and high number of stops per driven distance increases the energy consumption of the 

engine operation. Slow moving traffic and congestion will not affect the performance of a fully 

electric city bus when compared to the conventional light weight city bus. Thus, the performance 

level of the electric city bus is better than diesel buses in slow moving traffic making it apt for 

congested traffic conditions in urban India. 
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Hybrid and electric buses are more expensive to manufacture than conventional diesel  

buses [22,23,24]. However, the operational and maintenance cost of an electric bus is comparatively 

lower than the other types of buses (Figure 5). Planned operational strategies, management and 

integration of latest infrastructure can generate higher revenues making it more feasible in the Indian 

context. All the above factors lay a solid potential for incorporating the electric buses in the 

conventional existing bus fleet in Bengaluru, India. 

 

Figure 4. Energy consumption as function of the average driving speed [20]. 

 

Figure 5. Variation of the life cycle operating costs [20]. 

4. Bengaluru’s Shifting Trends Towards Sustainability 

Under the Jawaharlal Nehru National Urban Renewal Mission, in 2014, the BMTC planned to 

phase out diesel run buses for procuring CNG buses over the span of five years. Under this program, 

the BMTC would bear 50% of the cost of vehicles while the Centre and the State governments would 

provide 35% and 15% of the cost respectively [12]. However, losses incurred by the BMTC due to 

operational cost and increase in the salary of the employees has caused tremendous setback citing 

financial constraints. According to the BMTC officials, each CNG bus would cost them over  

INR (Indian Rupees) 8.4 million (non AC), whereas an ordinary diesel bus costs about INR 4 million. 

The Mileage per kilometer is 2 km per kg of CNG, but a diesel bus has a mileage of 3.8–4 km per 

liter. The maintenance of CNG buses is an expensive affair, for example in an ordinary bus the oil is 
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changed about 12 times, whereas oil is changed 100 times in a CNG bus during its lifespan. Delhi 

transport service incurred a loss of about INR 29.140 billion due to operation of CNG buses which 

was subsidized by the government. BMTC on the other hand has no separate funding from the 

government making it difficult for the institution to take such risks [25].  

Despite its bitter experience with CNG buses, due to its desire to make the public transport 

more sustainable, BMTC in 2014 launched India’s first electric bus for a trial run in Bengaluru. The 

electric bus was procured from a Chinese company-Build Your Dreams (BYD).  

Table 2. Emissions from CNG and diesel buses for a travel of 250 km [26]. 

Pollution Parameter Fuel CO in g/250 km/day NOx in g/250 km/day PM in g/250 km/day 

Diesel 2.4 × 250 = 600 g/day 21 × 250 = 5250 g/day 0.38 × 250 = 95 g/day 

CNG 0.4 × 250 = 100 g/day 8.9 × 250 = 2225 g/day 0.012 × 250 = 3 g/day 

The BYD’s zero emission all electric bus can drive more than 250 km even in heavy city traffic 

on a single charge of 6 hours. Four Fe (Ferrous) batteries are provided with a capacity of  

324 kWh (500 V, 600 Ah). Energy consumption amounts to 1.2 kWh/km. The operating cost is about 

INR 7/km [27]. Figure 5 shows the variation of the operating costs of conventional, hybrid and 

electric city bus. The maintenance cost of the electric city bus is less compared to diesel or hybrid-

diesel buses. A zero emission electric city bus usually travels for about 250 km on single charge. In 

comparison Table 2 shows gram per day emission of the pollutants from a conventional CNG and 

diesel for 250 km per day [26,28].  

5. Impact of Migration to Electric Buses in Bengaluru 

Impact of electric vehicles and buses is a hot topic and different projects investigate different 

aspects such as the impact of charging load on the energy network [4], the impact on the 

environment considering the reduction on the greenhouse gas emissions [29] and the performance of 

different powertrains [30]. Similar to aforementioned projects in European Union (EU), some 

research projects focus on potential benefits that can be reaped from the implementation of electric 

buses in different countries such as China [29], Argentina [30], Bolivia and Paraguay [31] and 

Malaysia [32]. Following from this trend, in this section, a similar impact assessment is done for city 

of Bengaluru, India. Giving a thorough review of similar research efforts is out of scope of this work. 

However, interested readers can consult cited references for further details. 

The migration of the existing conventional buses in the BMTC fleet to electric buses can have 

significant impact on the electrical grid and pollution levels. The scenarios with 10%, 20%, 30% and 

50% migration of existing BMTC operated buses to electric buses has been studied to understand the 

load on the grid due to the conventional charging of the buses. Figure 6 shows the corresponding 

electrical load increase for the cases studied. The major contribution is in exhaust fume reduction. As 

shown in Figure 7 to 9, NO, CO and particulate matter emissions are reduced considerably even with 

a 10% migration level. With the increasing migration to electric buses, reduction in CO, NOx and 

PM up to 64.63% is observed at 50% migration level. Table 3 lists the reduction levels with respect 

to the percentage of migration to electric buses. 
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Table 3. Percentage reduction of pollution levels [26]. 

 Percentage reduction of pollution levels 

Percentage migration to electric buses 10% 20% 30% 50% 

Reduction of pollution/emissions 12.93 % 25.86 % 38.77 % 64.63% 

 

Figure 6. Load on the grid from conventional charging of EV Buses. 

 

Figure 7. Contribution of nitrogen oxides from the BMTC bus fleet with increasing 

migration of EV buses. 

 

Figure 8. Contribution of carbon mono oxides from the BMTC bus fleet with increasing 

migration of EV buses.  
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Figure 9. Contribution of particulate matter (PM) from the BMTC bus fleet with 

increasing migration of EV buses. 

6. Operational Strategy for Electric Bus Migration and Use of Dynamic Charging  

India needs development of infrastructure to support and promote electric buses as a component 

of its public transport fleet. The increasing migration to electric buses would cause significant loads 

on the power grids. Development of microgrids fuelled with renewable sources of energy would be 

sustainable. It needs to adapt and take lessons from other countries who that successfully 

demonstrated the integration of electric city buses in their existing bus fleet. Achieving an effective 

operational range for electric buses has been a central issue in a number of studies. Studies have done 

to show that hybrid electric buses would be the most suitable of available technologies, but the best 

alternative would be a pure electric bus if it could provide an acceptable range [26]. Wireless power 

transfer technology has been deployed at various locations to enhance the operational range.  

In Turin, a fleet of 23 electric buses received boost charge batteries when they stopped at 

stations [33]. In Mannheim, Germany, two electric buses were tested for 12 months using PRIMOVE 

wireless powerless transfer technology [34]. Bombardier’s PRIMOVE wireless charging technology 

was also deployed at Braunschweig. 120 kW charging module was installed at the bus stations of 

Netherlands to power a 86-passenger size Volvo bus (Figure 10) [35]. Asea Brown Bovery (ABB) 

Ltd. is testing an electric bus serving the city-to-airport shuttle in Geneva using the new flash 

charging concept named Trolleybus Optimization System Alimentation (TOSA) with a 15 sec charge 

bursts of 400 kW at selective bus stops [35]. Special solar powered bus stops were developed and 

deployed in the Dutch city of Noord-Brabant (Figure 11) [35,36]. 

 

Figure 10. Volvo Group and Swedish transport administration-for hyper bus fleet [37]. 
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Figure 11. Solar curve bus stop [36]. 

A five year study to evaluate commercial feasibility is being conducted for electric buses in 

Milton Keynes, London. It operates for about 17 hours a day. It receives a 10 min energy boost from 

inductive charge pads at either end of the route (Figure12 and 13) [35,38]. In central London, BYD 

electric buses were introduced on two short routes for peak hour management. They operate in the 

morning peak alongside the core diesel fleet and then go back to stations at night for a overnight 

charge [39]. 

 

Figure 12. Milton keynes inductive charging system with pads [38]. 

 

Figure 13. Inductive charging system [38]. 
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Countries around the world are now quickly moving to the opportunity charging systems to 

enhance the overall transportation systems. The Volvo Group and Swedish transport administration 

have planned to use inductive charging for its hyper bus fleet [37].  

The dynamic and static charging using shaped magnetic field in resonance-SMFIR technology 

has been incorporated in South Korea. Dynamic inductive charging developed by KIAST powers the 

Online Electric Vehicles (OLEV) wirelessly on specially designed roads. The buses acquire the 

charge while it is moving. This is unlike the other static wireless power transfer technologies used in 

the world (Figure14). The technology is currently tested in the city of Gumi and other areas of 

United States [35,40]. 

 

Figure 14. Olev kiast dynamic charging-South Korea [41]. 

 

Figure 15. BMTC Bengaluru international airport bus shuttle route map [28]. 

http://www.engadget.com/tag/Volvo/
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India needs to catch up with the EV market. In an attempt to understand the feasibility of 

electric buses and wireless power transfer technology, Bengaluru’s Airport bus service routes shown 

in Figure 15, have been analyzed for two charging scenarios: one where the electric buses are 

charged for 5 hours using the conventional charging facilities and the other where opportunity 

charging facilities at the point of origin and destination are deployed with the conventional charging 

at the beginning of the journey. A 200 kW charger is used to charge the bus for 15 min at the point of 

origin and destination at the end of every trip acquiring a charge of 50 kWh at both the ends. Based 

on the distance covered in every trip and time of travel, the total number of successful full length 

trips made by a typical BYD electric bus is calculated and shown in the Table 4. In case of scenario 1 

the battery exhausts after travelling to about 250 km. The charging boosts given at the end points 

improve the number of trips significantly.  

Table 4. Performance comparison for two different charging scenarios. 

Route Distance km Travel Time Trips in Scenario 1 Trips in Scenario 2 

KIAS 4 46 1:55 5 8 

KIAS 5 49.7 2:00 5 8 

KIAS 6 64.76 2:10 3 8 

KIAS 7 50 1:55 5 8 

KIAS 7A 50 2:00 5 8 

KIAS 8 66 2:45 3 6 

KIAS 8C 73.5 3:00 3 5 

KIAS 9 34.5 1:15 7 12 

KIAS 10 52.2 2:10 4 8 

KIAS 12 50 2:00 5 8 

The wireless charging option for the bus services in the Bengaluru airport services is a good 

option. The number of trips increases with the wireless opportunity charging systems at the end 

points. If the route planning is done with implementation of the opportunity charging techniques, the 

transportation system may be more efficient. The charge acquired at the end points is almost equal  

to (KIAS 4, 5, 7, 7A, 9, 10, 12) the power used during the trip. These buses can operate for more 

than 19 hours as the charging time at the initial conventional charging stations can be  

reduced (possible to charge for less than 5 hours). However, the inductive charging at the 

intermediate bus stops on the way can also improve the performance. They may necessarily not be 

required at the beginning, as the initial cost may shoot up. With an 80 kW charging for 30 sec on 

every bus stop, the charge acquired by the bus on every trip provides charge for additional kilometers, 

as shown in Table 5. 

For the routes with comparatively short distances end to end charging point facilities may be 

sufficient. For routes-KIAS 8, 8C, 6 the performance can be maximized by building infrastructure 

for WPT at few intermediate bus stops to increase efficiency. Wireless power technology is a must 

for using the electric bus services in Bengaluru city for long distance routes. The concept of 

opportunity charging will increase the efficiency and performance of the bus-economy, maintenance, 

reduced battery size; and the bus may operate continuously for more than 19–21 hours for the 

assumed cases. 
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Table 5. WPT in the intermediate bus stops. 

Route No Distance km No. of stops Additional km 

KIAS 4 46 24 15 

KIAS 5 49.7 46 30 

KIAS 6 64.76 20 12 

KIAS 7 50 26 16 

KIAS 7A 50 24 15 

KIAS 8 66 46 29 

KIAS 8C 73.5 48 31 

KIAS 9 34.5 11 6 

KIAS 10 52.2 30 19 

KIAS 12 50 33 21 

The growing power requirement at the airport can be met by integration of renewable power 

into the grid. Bangalore has a solar radiation constant of 5.26 kWh/m
2
/day, with a fair annual 

distribution as shown in Figure 16. A typical 1 MW capacity solar power plant with a thin film solar 

module installed in an area of five acre can generate more than 1.7 million units of power every year. 

This could meet about 58.21% of the power required for dynamic charging of the electric buses at 

the airport every year, as per Scenario 2 described above. In this fashion, clean electric buses can 

replace traditional buses and the impact on the electricity grid can be substantially reduced with 

renewable energy systems such as solar curve bus stop. 

 

Figure 16. Solar irradiation in Bengaluru [42]. 

7. Conclusions  

Indian cities are very congested and pollution problems further worsens the situation. The air 

quality of most cities is at alarming level. Electric buses are the key components of a pro-public 

transport driven policies which could enhance the quality of life in urban India. An increasing modal 

share in public transport could possibly solve the traffic congestion problems in major cities. Our 

research shows that migration to electric buses might be a solution to cut down emissions 

significantly in Bengaluru. In difference to diesel buses, the plug-in hybrid and electric buses require 

a dedicated charging equipment and infrastructure for their operation.  
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The development of smart cities in India is an opportunity for development of stronger 

infrastructure for electric vehicles. The shift towards usage of zero emission vehicle trends in India 

will provide a great means to tackle and deal with the global climate change challenges. The concept 

of electric buses equipped with dynamic charging technologies can make it feasible in the Indian 

perspective. Bengaluru was the first city in India to conduct trial runs of electric buses. However, the 

high procurement costs, lack of institutional funds from government led to the cancellation of further 

equipping BMTC with more number of electric buses even though the trials received a positive 

response from common public. Our research shows that equipping the electric buses with dynamic 

charging technologies can make it a more sustainable and economical solution to tackle the growing 

concerns of traffic and pollution in the city of Bengaluru. Other cities of India like New Delhi, 

Mumbai, Kolkata, Chennai can also adopt similar model of transportation. However, the increase in 

electric bus migration will lead to higher power demands. Integration of renewable sources of energy 

like solar, wind and biogas into the microgrids designed and developed specifically for charging the 

buses at the Bus stations and inductive charging platforms could reduce the dependency on the 

existing grids and also reduce the overall operating costs.  

The development of infrastructure for electric bus can create a lot business opportunities in the 

country. The government of India has already started to encourage private players in the renewable 

power sector. With the increase in the limit for Foreign Direct Investment (FDI) and formulation of 

policies that would promote manufacturing industries, the day is not far when India would design 

and build electric buses within the country reducing the procurement cost of these electric buses. 

This would make the large scale implementation of the project more practical. It would be beneficial 

to launch more pilot projects to study the feasibility of electric buses in India and lay down a proper 

roadmap for a sustainable transportation. 
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