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Abstract: Rapid urbanization and emerging dependence on private motorized transport have 

significantly increased greenhouse gas (GHG) emissions and air quality decline in Indian metropolitan 

cities, particularly the tech hub of India Bengaluru. The transport sector has emerged as a presiding 

contributor to urban emissions due to traffic congestion, rapid vehicle growth, and limited adoption of 

sustainable mobility alternatives. This paper presents a structured literature-based assessment of urban 

mobility and transport-related emissions in Bengaluru, with a focused examination of how advanced 

computing techniques-especially Artificial Intelligence (AI) and data-driven systems-can support 

emission reduction strategies. By integrating findings from government reports, peer-reviewed studies, 

and recent urban transport research, the study identifies key emission sources, evaluates current smart-

city interventions, and emphasizes the role of AI in traffic management, public transport optimization, 

and electric vehicle integration. The analysis unveils that targeted, computation-enabled interventions 

such as intelligent traffic control, predictive mobility analytics, and optimized public transit systems can 

substantially reduce emissions while improving transport efficiency. The paper also discusses 

implementation challenges related to data quality, infrastructure, and system interoperability. The 

findings offer a practical framework for implementing advanced computing technologies to support 

sustainable urban mobility and climate-aligned transport planning in rapidly developing cities 
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I. INTRODUCTION 

Urban transportation system plays an important yet critical role in shaping environmental stability, economic 

productivity, and quality of life in modern cities. Globally, the transport sector alone contributes to nearly one-quarter 

of energy-related carbon dioxide emission, with road transport contributing for the largest share [1], [2]. Rapid 

urbanization, massive increase of private vehicle ownership, and inefficient traffic management have further intensified 

emission levels, especially in developing countries. As cities expand, the challenge is no longer limited to mobility 

provision but extends to minimizing environmental impacts while ensuring efficient and inclusive transport system. 

In response, global climate frameworks such as the Paris Agreement and the United Nations Sustainable Development 

Goals (SDG 11: Sustainable Cities and Communities) emphasize the mandate need to decarbonize urban transport [2], 

[8]. Conventional approaches such as vehicle electrification and public transport expansion, while necessary, are often 

insufficient when implemented in isolation. Recent advancements in advanced computing technologies, particularly 

Artificial Intelligence (AI), machine learning, and data analytics, provide new opportunities to optimize transport 

systems dynamically, reduce congestion, and lower emissions through intelligent decision-making. 
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1.1 Motivation for the Study: The case of Bengaluru 

Bengaluru also known as the tech-hub of the country and also one of the fastest growing metropolitan regions, presents 

a compelling case for examining transport-related emissions and sustainability challenges. The city has undergone rapid 

population growth (mainly due to migration), urban sprawl, and a sharp increase in registered vehicles [3],[7],[15] 

exceeding ten million in recent years. Traffic congestion in Bengaluru consistently ranks among the highest globally, 

leading to prolonged travel times, increased fuel consumption, and decline in air quality [3], [7]. 

Despite these challenges, Bengaluru has also emerged as a leading participant in national urban innovation initiatives 

such as the Smart Cities mission, Namma Metro expansion, and electric bus deployment. This dual context- high 

emission pressure alongside growing technological adoption- makes Bengaluru an ideal setting to assess how advanced 

computing solutions can support sustainable urban mobility transitions. 

 

1.2 Role of Advanced Computing in Sustainable Transport 

Advanced computing technologies have become a focal point to modern transport planning and management. AI- 

enabled systems can process large volumes of real-time data from sensors, cameras, GPS devices, and transport 

networks to support intelligent traffic signal control, congestion prediction, and route optimization [9], [12]. Predictive 

analytics allow authorities to optimize traffic management system, forecast traffic demand and emission hotspots, 

enabling targeted interventions rather than uniform policy measures. 

In public transport systems, AI supports dynamic scheduling, demand-responsive routing, and real-time passenger 

information, improving service reliability and reducing unnecessary vehicle operations [4], [12] Similarly, in context of 

electric mobility, advanced computing mobilizes optimal charger replacement, energy-efficient routing, and 

infrastructure planning [14]. Collectively, these applications demonstrate how AI and data-driven systems can act as 

critical enablers for low-carbon, efficient, and resilient urban transport systems. 

 

1.3 Objectives of the Study 

This paper aims to: 

 Examine the contribution of the urban transport sector to carbon emissions with a specific focus on Bengaluru. 

 Review existing literature on transport emissions, urban mobility challenges and sustainability initiatives. 

 Analyse the role of advanced computing and AI-based applications in reducing transport-related emissions. 

 Identify key challenges and limitations in implementing AI- driven transport solutions in Indian urban 

contexts. 

 Propose insights to support sustainable, computation-enabled urban mobility planning. 

 

II. LITERATURE REVIEW 

Urban transport emissions have been widely studied due to their significant contribution to greenhouse gas (GHG) 

emissions and urban air quality deterioration. Existing literature indicates that rapid motorization, urban sprawl, and 

inadequate public transport infrastructure are primary drivers [1], [2], [5] of increased emissions in Indian metropolitan 

cities. Several studies highlight that road transport accounts for a dominant share of urban emissions, particularly in 

densely populated cities such as Bengaluru, Delhi, and Mumbai. 

Research on Indian urban transport systems emphasizes that private vehicle growth, especially two-wheelers and 

personal cars has accelerated congestion and fuel consumption. Studies focusing on Bengaluru identify transport and 

resuspended road dust as major contributors to particulate matter (PM10 and PM2.5) emissions, adversely affecting 

public health and environmental sustainability [3], [7]. Emission inventory analyses further reveal that a small 

proportion of high-emitting vehicles and congested corridors disproportionately contribute to overall pollution levels, 

indication the urgent need for targeted mitigation strategies. 

Recent literature increasingly explores the role of advanced computing and data-driven approaches in addressing 

transport-related emissions. Artificial Intelligence (AI) and Intelligent Transport Systems (ITS) have been shown to 

improve traffic signal coordination, reduce idle time, and enhance route efficiency [6], [9], [12]. Machine learning 
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models are widely applied for congestion prediction, traffic flow optimization, and emission hotspot identification using 

multi-source data such as GPS traces, sensor networks, and camera feeds. 

Studies on public transport optimization demonstrate that AI-enabled demand forecasting and dynamic scheduling can 

significantly improve ridership and operational efficiency while reducing unnecessary vehicle kilometres travelled [4], 

[12]. In parallel, research on electric vehicle (EV) adoption highlights the importance of computational tools for 

charging infrastructure planning, energy-efficient routing, and grid integration. Solar-integrated charging systems and 

smart energy management frameworks have also been proposed as effective solutions to reduce lifecycle emissions of 

public transport fleets [14]. Recent analytical studies using entropy-based and spatio-temporal methods further highlight 

strong regional and seasonal variations in particulate matter concentrations across Indian cities, reinforcing the need for 

localized emission mitigation strategies [13]. 

Despite these advancements, the literature identifies persistent challenges, including fragmented data sources, limited 

interoperability among transport systems, infrastructure constraints, and high implementation costs. Several studies 

emphasize that AI models developed for global cities often require localization to accommodate unique traffic patterns, 

heterogeneous vehicle mixes, and governance structures in Indian cities. These gaps underscore the need for context-

specific, computation-enabled frameworks to support sustainable urban mobility [8], [16]. Recent global studies also 

emphasize the importance of demand-side transport solutions such as reduced private vehicle dependence, modal shifts, 

and behavioural interventions as critical complements to technology-driven mitigation strategies [11]. 

This review establishes that while substantial research exists on transport emissions and smart mobility solutions, there 

remains a need for integrated assessments that combine urban emission challenges with the practical application of 

advanced computing technologies in rapidly urbanizing cities like Bengaluru. The present study addresses this gap by 

synthesizing existing literature to evaluate AI-enabled strategies for emission reduction within Bengaluru’s transport 

sector. 

 

III. METHODOLOGY 

This study employs a systematic literature-based analytical methodology to examine urban mobility challenges, 

transport-related emissions, and the role of advanced computing technologies in Bengaluru. Secondary data were 

collected from peer-reviewed journal articles, government reports, policy documents, and institutional publications 

related to urban transport systems, emission inventories, and smart-city initiatives. 

To support analytical consistency, a simulation-based secondary dataset was constructed using CO₂ emission intensity 

ranges reported in validated studies and official inventories for Indian metropolitan transport systems. The dataset 

represents four dominant vehicle categories in Bengaluru—two-wheelers, passenger cars, buses, and auto-rickshaws—

under typical urban operating conditions such as congestion and idling. 

Descriptive statistical analysis was conducted to examine variability in emission intensity across vehicle categories, 

followed by a one-way Analysis of Variance (ANOVA) to assess statistically significant differences in mean emission 

levels. The results were interpreted in conjunction with existing literature to derive policy-relevant insights for 

sustainable, computation-enabled urban transport planning. 

 

3.1 Data Sources 

The analysis draws upon multiple secondary data sources, including: 

 Peer-reviewed journal articles on urban transport emissions, AI applications, and sustainable mobility. 

 Government and institutional reports related to Bengaluru’s transport sector, emission inventories, and smart-

city initiatives. 

 National and regional transport statistics documenting vehicle growth, public transport usage, and emission 

trends. 

 Case studies highlighting AI-enabled transport interventions in Indian and global urban contexts. 
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3.2 Analytical Framework 

The methodological framework consists of three key stages: 

Emission Source Identification:  

Literature was reviewed to identify dominant sources of transport-related emissions in Bengaluru, including private 

vehicles, freight transport, road dust, and diesel-powered systems. 

Assessment of Advanced Computing Applications: 

Studies focusing on AI, machine learning, and data-driven transport systems were analysed to understand their 

effectiveness in traffic management, public transport optimization, and electric mobility integration. 

Comparative Evaluation:  

Emission challenges and computing-enables solutions were compared to identify feasible, scalable interventions 

suitable for Bengaluru’s urban context. 

 

3.3 Scope and Limitations 

The study focuses on qualitative synthesis and comparative analysis rather than quantitative modelling. While this 

approach enables a comprehensive understanding of existing research and best practices, it does not involve real-time 

traffic simulations or emission measurements. However, the methodology is appropriate for identifying strategic 

insights, implementation challenges, and future research directions in the domain of advanced computing for 

sustainable urban transport. 

 

IV. RESULTS AND DISCUSSION 

Results: Statistical Analysis of Transport Emissions in Bengaluru 

To strengthen the analytical depth of this study, a statistical evaluation was conducted using a transportation-sector 

emission dataset representing Bengaluru city. Since the study is primarily literature-based, a secondary, simulation-

based dataset was constructed using emission ranges reported in government inventories and peer-reviewed studies for 

Indian metropolitan transport systems. This approach is commonly adopted in exploratory sustainability and policy-

aligned transport research. 

 

Dataset Description 

The dataset consists of CO₂ emission intensity (g/km) across four dominant vehicle categories in Bengaluru: 

 Two-Wheelers 

 Passenger Cars 

 Buses (diesel/CNG public transport) 

 Auto-rickshaws 

Each category contains 20 observations, representing average operational emissions under urban driving conditions 

such as congestion, idling, and stop-and-go traffic typical of Bengaluru. 

Table 1: Summary Statistics of CO₂ Emissions by Vehicle Type 

Vehicle Type Mean (g/km) Std. Deviation 

Two-Wheeler ~68 Low 

Bus ~92 Moderate 

Auto-Rickshaw ~110  Moderate 

Car ~138 High 

The descriptive results indicate substantial variation in emission intensity across vehicle categories, warranting 

statistical validation. 

 

One-Way ANOVA Analysis 

A one-way Analysis of Variance (ANOVA) was conducted to determine whether the mean CO₂ emissions differed 

significantly among the four vehicle categories. 
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Null Hypothesis (H₀): 

There is no significant difference in mean CO

 

Alternative Hypothesis (H₁): 

At least one vehicle category has a significantly different mean CO

 

ANOVA Results 

F-statistic: 103.65 

p-value: 8.70 × 10⁻²⁷ 

Since the p-value is far below the 0.05 significance level, the null hypothesis is rejected.

 

Interpretation: 

There exists a statistically significant difference in CO

transport sector. 

 

Graphical Analysis 

Figure 1 presents a boxplot visualization of CO

Figure 1: CO₂ Emissions by Vehicle Type in Bengaluru Transport Sector

Key Observations: 

 Passenger cars exhibit the highest median and variability, reflecting congestion sensitivity.

 Two-wheelers show the lowest emissions, but their high population share still makes them a major aggregate

contributor. 

 Buses demonstrate lower per-capita emissions, reinforcing their sustainability advantage.

 Auto-rickshaws show moderate emissions with notable dispersion due to fuel and engine heterogeneity.

 

Discussion of Statistical Findings 

The ANOVA results quantitatively validate conclusions drawn from the literature review. While individual two

wheelers emit less CO₂ per kilometer, the dominance of private vehicles

overall emissions. Public transport modes, es

supporting policy recommendations favoring AI
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These findings highlight the importance of advanced computing interventions, such as: 

 AI-based traffic signal optimization for car-dominated corridors 

 Predictive demand modeling to increase bus ridership 

 Data-driven identification of high-emission vehicle classes 

The statistical evidence strengthens the argument that targeted, computation-driven mobility planning can produce 

measurable emission reductions in Bengaluru. 

 

Research Validity Note  

The dataset used for statistical analysis is a synthesized secondary dataset derived from emission ranges reported in 

government inventories and prior peer-reviewed studies. The objective is to demonstrate analytical feasibility and 

statistical trends rather than real-time measurement. 

 

V. CHALLENGES AND LIMITATIONS 

Despite the promising potential of advanced computing and Artificial Intelligence (AI) in reducing transport-related 

emissions, several challenges limit their large-scale adoption in Bengaluru’s urban transport system. 

One of the primary challenges is data availability and quality. Transport-related data are often fragmented across 

multiple agencies, including traffic police, public transport operators, and private mobility platforms. Inconsistent data 

formats limited real-time access, and gaps in historical records reduce the effectiveness of AI-driven analytics and 

predictive models [8], [16]. 

Infrastructure constraints also pose significant barriers. The deployment of AI-based traffic management systems 

requires reliable digital infrastructure, including smart traffic signals, sensor networks, GPS-enabled vehicles, and 

stable communication systems. In many parts of the city, inadequate infrastructure and intermittent connectivity hinder 

continuous data collection and system integration. 

Financial and technical limitations further restrict implementation. Developing and maintaining AI-based transport 

solutions involves substantial initial investment and ongoing operational costs. Additionally, there is a shortage of 

skilled professionals with expertise at the intersection of transportation planning and advanced computing, which 

affects long-term system sustainability [8]. 

Another challenge relates to model transferability and localization. AI models developed for cities in developed 

countries may not perform effectively in Bengaluru due to differences in traffic behaviour, heterogeneous vehicle 

composition, road conditions, and informal transport practices. Localization of models requires city-specific data and 

iterative calibration. 

Finally, the lack of interoperability among existing transport systems limits the full potential of advanced computing 

solutions. Disconnected platforms for traffic management, public transport scheduling, parking systems, and emission 

monitoring reduce coordinated decision-making and increase implementation complexity. 

 

VI. CONCLUSION AND FUTURE SCOPE 

This paper presented a literature-based assessment of urban mobility and transport-related emissions in Bengaluru, with 

a focused examination of the role of advanced computing technologies in supporting emission reduction strategies. The 

analysis indicates that rapid motorization, traffic congestion, and declining public transport usage have significantly 

contributed to increased greenhouse gas emissions and deteriorating air quality [1], [7], [8] in the city. 

The findings demonstrate that advanced computing applications—particularly AI-driven traffic management, public 

transport optimization, and electric vehicle integration—offer effective pathways for reducing emissions while 

improving transport efficiency. Data-driven and predictive systems enable targeted interventions, allowing 

policymakers to address high-emission corridors and operational inefficiencies with greater precision. 

However, the study also highlights critical challenges related to data fragmentation, infrastructure readiness, financial 

investment, and system interoperability. Addressing these limitations is essential to fully realize the benefits of 

computation-enabled urban transport systems. 
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Future research should focus on developing localized AI models tailored to Indian urban contexts, integrating real-time 

emission monitoring with traffic management systems, and conducting empirical evaluations of AI-based interventions 

through pilot implementations [12], [14]. Additionally, interdisciplinary collaboration between transport planners, data 

scientists, and policymakers will be crucial to advancing sustainable, low-carbon urban mobility in rapidly growing 

cities like Bengaluru. 
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