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Abstract: The transportation sector has emerged as a significant contributor to global energy 

consumption, leading to a disparity between the rates of resource formation and extraction. 

Consequently, sustainability targets have been established in numerous countries; however, 

only a limited number of them have made substantial progress toward achieving these 

objectives. This paper will investigate how sustainable promotion could simultaneously 

improve social, environmental, and economic sustainability. Socially, it emphasizes that 

social equity can be advanced by upgrading the accessibility of vulnerable groups of people 

through service adjustment and subsidy provision of public transport. Environmentally, 

carbon emission mitigation is considered the primary priority of transportation, so 

low-carbon infrastructure and electric vehicles are applied in urban. Economically, public 

transport allows shorter commutation time for workers, and also provides employment 

opportunities for the unemployed group, shortening the gap of economic inequality. Those 

sustainable transportation strategies improve sustainability in various fields, efforts from 

social, environmental and economic measurement also return positive, eco-friendly and 

equitable impacts toward development, leading to a virtuous circulation in urban areas. 
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1. Introduction 

In recent years, the transport industry has experienced a consistent increase in energy demand. In 

some European countries, the transport sector has accounted for one-third of total energy 

consumption over the last decade [1]. Meanwhile, transportation has been identified as one of the 

most challenging areas in achieving sustainable development [2]. Despite some nations' 

advancements, energy consumption largely remains reliant on traditional sources, with only a few 

countries significantly adopting renewables. While some have pivoted towards geothermal and 

hydroelectric energy, fossil fuels continue to dominate. For instance, data from November 2023 to 

October 2024 indicates that fossil fuels constituted approximately 62% of China's energy mix [3]. 

This partial transition indicates that significant progress is still required to meet sustainability 

objectives. This research aims to discuss methods for promoting sustainable transportation while 

advancing social, environmental, and economic sustainability simultaneously in urban areas. 

Furthermore, it provides valuable perspectives for nations shifting from conventional energy 

consumption frameworks to more sustainable practices. 
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2. Sustainable Transportation Promotes social Sustainability 

2.1. Social Sustainability 

Social sustainability is a broad concept which emerged to maintain the balance between ecological 

and economic sustainability, such as poverty, equity and justice [4, 5]. It aims to provide long-term 

equality for human activities and interaction. It aligns with the needs of present and future inhabitants, 

emphasizing the principles of sustainability, strategic and efficient living for all citizens, and 

underscores the integral connection between human-centered care and infrastructure development [6]. 

Fundamentally, the strategies aim to ensure equitable change, allowing the public to enjoy public 

transportation while fostering social sustainability. 

2.2. Public Transport Helps Vulnerable Groups 

Vulnerable groups include children, the elderly, illnesses and disabilities, and also the transportation 

disadvantaged population. It not only includes people who suffer from physical pain but also those 

who highly depend on others to access a normal life, such as unemployed groups who rely on 

unemployment benefits [7]. It is evident that, despite lower expenditures on travel among the 

economically disadvantaged, the percentage of their income allocated to transportation exceeds that 

of their more affluent counterparts [8]. Therefore, some suggestions are provided to lower the total 

expenditure on transport. 

2.2.1. Improving Service Frequency and Quality in High-demand Markets 

This public transport frequency adjustment is a strategy aimed at maximizing resource utilization and 

meeting the demand of all passengers. In the book Public Transit Planning and Operation: Theory, 

Modeling, and Practice, the author outlines a method to quantify the need for public vehicles during 

different periods [9]. This procedure utilizes dynamic parameters, such as target occupancy and 

departure frequency. Departure frequency indicates the minimum vehicle departures per hour; for 

example, a frequency of 4 signifies departures every 15 minutes. Target occupancy is assessed by 

examining variations between peak and off-peak periods. The procedure forecasts passenger numbers, 

adjusting departure frequency to match target occupancy—either increasing it to satisfy demand or 

decreasing it to avoid excess. This adjustment aims to reduce customer wait times, optimize resource 

allocation by modifying vehicle size and quantity over time, and prevent overcrowding and 

under-utilization, thereby improving the overall travel experience. Ensuring accessibility for all 

passengers, especially the elderly, is essential, as they may find it challenging to board buses in 

crowded conditions due to decreased physical flexibility compared to younger individuals [9]. 

Ensuring the right to travel for vulnerable populations is essential. Elderly individuals often 

encounter challenges in securing public transport, leading to reliance on costlier taxi services, which 

deters travel due to high expenses. Low-income groups similarly face obstacles. Increasing bus 

service frequency during peak hours can enhance public confidence in mass transit, providing greater 

access to workplaces, educational institutions, and opportunities. This access is crucial for fostering 

social equity in developing urban areas, making the implementation of these strategies imperative [8]. 

2.2.2. Introduced Subsidies for Public Transport 

Public transport subsidies can also be considered a powerful policy for achieving social equity, as the 

target consumers of public transport are low-income groups [10, 11]. This system redistributes 

subsidies from public transport entities to passengers, enhancing individual benefits through ticket 

discounts or full reimbursement of season tickets. This shift from institutional to individual support 
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has been adopted in several cities for improved public welfare. In Brussels, for instance, the 

government fully reimburses public transport for students, resulting in a 170% increase in weekly 

travel rates [12]. This subsidy enhances students' access to education, potentially influencing their 

future prospects. Similarly, in Bogotá, Colombia, this targeted subsidy equates to a 32% reduction in 

ticket prices, significantly boosting monthly public transport usage [13]. Consequently, issues of 

inefficiency and corruption within transport firms can be mitigated, ensuring maximization of public 

rights, as the effectiveness and accuracy of this policy are crucial in tackling social inequality. 

3. Sustainable Transportation Upgrade Environment Quality 

3.1. Definition of Environmental Sustainability 

Environmental sustainability is the maintenance of a balance between the exploitation and 

regeneration of natural resources, aiming for long-term harmony between humans and nature [14]. 

3.2. Sustainable Transportation Reduces Carbon Emission 

The IPCC report highlighted the significance of the transportation sector in mitigating the worsening 

environmental conditions [15]. Advanced public transport systems reduce the pressure of carbon 

dioxide in the air through various means. Since urban transport has shifted to a low-carbon model, the 

majority of transportation now releases lower carbon emissions than before [16]. The government has 

heightened awareness of the necessity for low-carbon infrastructure, including bike paths and 

pedestrian streets. Concurrently, the swift advancement of electric vehicles has underscored the role 

of private cars, alongside public transport, in promoting sustainable development and resource 

sustainability. 

3.2.1. Low-carbon Transportation Infrastructure. 

Several eco-friendly transport infrastructures have been improved in recent years to reduce the 

average individual carbon footprint of nearly 4 tons [17] Since walking and cycling are recognized as 

the modes that contribute the lowest carbon footprint, investments in pedestrian infrastructure and 

bike-sharing programs can greatly reduce dependence on carbon-intensive transport, promoting 

healthier and more sustainable mobility [18]. The introduction of green spaces significantly enhances 

urban environmental quality, playing a vital role in urban development. These areas not only beautify 

cities but also contribute to reducing greenhouse gas emissions and mitigating air and noise pollution 

[19]. The design of urban green spaces is significant. Central flowerbeds divide main roads into 

narrower lanes, with gaps for pedestrian crossings. These lanes, unsuitable for cars, accommodate 

bicycles and pedestrians. High-carbon-uptake plants are unnecessary; instead, benches should be 

installed to encourage walking. The objective is to promote walking and cycling as low-carbon 

transportation options, fostering nearly zero emissions in the area. Furthermore, all road users play a 

role in reducing carbon pollution, enhancing their engagement in environmental protection. 

3.2.2. Electric Vehicles 

Private cars have always been considered the major contributors to carbon emissions compared to 

public transportation. However, the emergence of electric vehicles challenges this stereotype, as the 

transition from diesel cars to electric vehicles presents a great opportunity to reduce carbon emissions 

in the transport industry and improve urban air quality [20]. A scientific study evaluated the 

emissions of gasoline, diesel, and electric vehicles, focusing on SO₂, PM 2.5, NOx, and NMVOC. 

While electric vehicles incur significant SO₂ emissions during production, these emissions are 

negligible during operation. In contrast, electric vehicles consistently demonstrate lower emissions 
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across the other pollutants, highlighting their environmental advantages. When external costs are 

assessed, electric vehicles average approximately €7/1000 km, compared to €15/1000 km for diesel 

and €10/1000 km for gasoline vehicles. This data underscores the leadership of electric vehicles in 

mitigating environmental impact [21]. The environmental benefits of electric vehicles extend beyond 

direct impacts, encompassing indirect advantages linked to their market adoption. An increase in 

electric vehicle market share correlates with a decline in diesel vehicle usage, leading to reduced oil 

demand, as these are complementary goods. In 2019, electric vehicle adoption contributed to a 

decrease in oil demand by approximately 0.4 million barrels per day (mb/d), representing 0.4% of 

global oil consumption. Although conditions were suboptimal, projections indicate that the global 

electric vehicle count could surge to 320 million by 2030, contingent on sustainable transportation 

practices. Consequently, oil demand may drop to 6.4 mb/d, mitigating risks of oil spills and habitat 

destruction while enhancing pollution control from oil extraction and combustion [22]. 

3.2.3. Challenge 

However, electric vehicles have low operating costs, as electricity is generally cheaper than gasoline. 

Therefore, this reduces the psychological burden on motorists and encourages them to take longer 

trips, increasing in total energy consumption and offsetting the energy savings, particularly the 

emission reduction benefits of electric vehicles. The point is that this is contrary to the goal of 

decarbonization. 

4. Sustainable Transportation Promotes Equality in Economic Development 

4.1. Definition of Economic Sustainability 

Economic sustainability means ensuring a system operates within its maximum capacity to support 

effective economic production without over-exploiting natural resources. It also aims to achieve 

equitable resource distribution and opportunities [14]. 

4.2. Public Transport Increases Working Efficiency 

Uneven access to various work locations is a barrier to accessing jobs, becoming a major obstacle to 

unequal economic growth [23]. Physical obstacles, such as mountains and unpaved roads, often block 

individuals in rural areas. As a result, they may face two dilemmas: they are either unable to seek 

better job opportunities or must bear high costs to travel to work, such as transportation expenses. 

This limitation narrows their potential for development and local economic growth, while also 

widening the gap between regions. Therefore, research has pointed out that economic development 

has always been driven by the construction of transportation infrastructure [24]. Kain also noted that 

if there are only roads but no public transport, people still fail to take full advantage of the 

opportunities the road offers. 

4.2.1. Employment 

Investment in public transport is a significant driver of employment growth, every 1 billion dollars 

invested in public transportation, more than 36,000 jobs are created. Economists have calculated and 

proved this result [25]. Enhancing transport infrastructure stimulates labor demand across the 

industrial chain, thereby mitigating cyclical unemployment caused by decreased aggregate demand 

for goods and services, as the need for road builders significantly rises during construction, operation, 

and maintenance phases. Jobs involved in these types of industries usually have relatively low 

literacy requirements for the labour, which means that people who suffer from relative poverty and 

absolute poverty can apply for these jobs more quickly than for mentally demanding jobs, 
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contributing to an increase in income for low-income groups, finally narrowing the gap of economic 

differences between regions. 

4.2.2. Shorter Commuting Time 

The development of public transport, high-speed rail, and subways has created a robust transportation 

network, significantly enhancing mobility and reducing travel time for passengers. This reduction in 

commuting time can be analyzed through three dimensions: access and egress time, waiting time, and 

in-vehicle travel time [26]. Access and egress times are optimized by the strategic placement of 

public transportation stations, minimizing long-distance travel for passengers. Bike-sharing and bus 

stops are conveniently located near subway exits, facilitating swift transfers. Increased departure 

frequency, as detailed in section 2.2.1, further reduces waiting times. The majority of travel time 

occurs within vehicles, particularly in metropolitan areas like Paris and Lyon, where the railway 

system operates efficiently within commuting zones, alleviating traffic congestion and shortening 

travel durations due to high-speed rail lines [27]. Parking time, often included in trip duration, poses 

no concern for public transport users, leading to even shorter commuting times when excluded. High 

parking fees may drive drivers to seek more affordable alternatives, inadvertently extending 

commuting times [28].  

5. Conclusion 

Sustainable transportation can promote social, environmental, and economic sustainability through 

policy implementation, investment, and infrastructure construction. Polices socially enhance the 

availability of public transport by service frequency alternation and subsidisation. In terms of the 

environment, sustainability is achieved by mitigation efforts of carbon-natural infrastructures and 

electric vehicles. Improvement in economic equity could result from a rising employment rate and 

reduced wasted commuting time. However, case studies for eastern nations still cannot fully support 

the transformation is applied in reality, since countries with different social structures and economic 

systems may face barriers when introducing traditional models. Also, there are no measurements that 

only bring beneficial impacts, and challenges emerge during the execution process, which are still not 

identified and solutions are still under investigation.  

References 

[1] Dominković, D. F., Bačeković, I., Pedersen, A. S., & Krajačić, G. (2018). The future of transportation in sustainable 

energy systems: Opportunities and barriers in a clean energy transition. Renewable and Sustainable Energy 

Reviews, 82, 1823–1838. https://doi.org/10.1016/j.rser.2017.06.117 

[2] Mathiesen BV, Lund H, Connolly D, Wenzel H, Ostergaard PA, Möller B, et al. Smart energy systems for c

oherent 100% renewable energy and transport solutions. Appl Energy 2015;145:139–54. http://dx.doi.org/10.

1016/j.apenergy.2015.01.075. 

[3] Low-Carbon Power: Monitor the switch to Low Carbon Energy. (n.d.). Lowcarbonpower.org. https://lowcarb

onpower.org/ 

[4] Carley, M. (2020). Sustainable by 2020? Policy Press. https://policy.bristoluniversitypress.co.uk/sustainable-b

y-2020 

[5] World Commission on Environment and Development. (1987). Our Common Future. In Oxford University Pr

ess. Oxford University Press. https://global.oup.com/academic/product/our-common-future-9780192820808?cc

=us&lang=en& 

[6] Dempsey, N., Bramley, G., Power, S., & Brown, C. (2011). The social dimension of sustainable development:

 Defining urban social sustainability. Sustainable Development, 19(5), 289–300. https://onlinelibrary.wiley.co

m/doi/abs/10.1002/sd.417 

[7] Resilience. (2017, July 20). Who are the Transportation Disadvantaged? Resilience. https://www.resilience.or

g/stories/2017-07-20/who-are-the-transportation-disadvantaged/ 

Proceedings of  the 3rd International  Conference on Environmental  Geoscience and Earth Ecology 
DOI:  10.54254/2753-8818/93/2025.22051 

17 



 

 

[8] Bocarejo, J. P., & Urrego, L. F. (2020). The impacts of formalization and integration of public transport in

 social equity: The case of Bogota. Research in Transportation Business & Management, 42, 100560. https:/

/doi.org/10.1016/j.rtbm.2020.100560 

[9] Public Transit Planning and Operation. (2016). (pages) Google Books. https://books.google.ca/books?hl=en&

lr=&id=b84dCgAAQBAJ&oi=fnd&pg=PP1&dq=Public+Transit+Planning+and+Operation:+Theory 

[10] Guzman, L. A., Beltran, C., Bonilla, J. A., & Gomez Cardona, S. (2021). BRT fare elasticities from smartcard data: 

Spatial and time-of-the-day differences. Transportation Research Part A: Policy and Practice, 150, 335–348. 

https://doi.org/10.1016/j.tra.2021.06.018 

[11] Serebrisky, T., Gómez‐Lobo, A., Estupiñán, N., & Muñoz‐Raskin, R. (2009). Affordability and Subsidies in P

ublic Urban Transport: What Do We Mean, What Can Be Done? Transport Reviews, 29(6), 715–739. https:/

/doi.org/10.1080/01441640902786415 

[12] De Witte, A., Macharis, C., Lannoy, P., Polain, C., Steenberghen, T., & Van de Walle, S. (2006). The impact of “free” 

public transport: The case of Brussels. Transportation Research Part A: Policy and Practice, 40(8), 671–689. 

https://doi.org/10.1016/j.tra.2005.12.008 

[13] Guzman, L. A., & Hessel, P. (2022). The effects of public transport subsidies for lower-income users on public 

transport use: A quasi-experimental study. Transport Policy, 126. https://doi.org/10.1016/j.tranpol.2022.07.016 

[14] Kuhlman, T., & Farrington, J. (2010). What Is Sustainability? Sustainability, 2(11), 3436–3448. MDPI. 

https://doi.org/10.3390/su2113436 

[15] IPCC. (2014). Fifth Assessment Report — IPCC. Ipcc.ch; IPCC. https://www.ipcc.ch/assessment-report/ar5/ 

[16] Wimbadi, R. W., Djalante, R., & Mori, A. (2021). Urban experiments with public transport for low carbon mobility 

transitions in cities: A systematic literature review (1990–2020). Sustainable Cities and Society, 72, 103023. 

https://doi.org/10.1016/j.scs.2021.103023 

[17] The Nature Conservancy. (2019). What is your carbon footprint? The Nature Conservancy. https://www.natu

re.org/en-us/get-involved/how-to-help/carbon-footprint-calculator/ 

[18] Creutzig, F., Jochem, P., Edelenbosch, O. Y., Mattauch, L., Vuuren, D. P. v., McCollum, D., & Minx, J. (20

15). Transport: A roadblock to climate change mitigation? Science, 350(6263), 911–912. https://doi.org/10.1

126/science.aac8033 

[19] Cavan, G., & Aleksandra Kaxmierczak. (2011, October 16). Urban greening to adapt urban areas to climate

 change: The Oxford Road Corridor Case Study. https://www.researchgate.net/publication/260192384_Urban

_greening_to_adapt_urban_areas_to_climate_change_The_Oxford_Road_Corridor_Case_Study 

[20] Girardi, P., Gargiulo, A., & Brambilla, P. C. (2015). A comparative LCA of an electric vehicle and an internal 

combustion engine vehicle using the appropriate power mix: the Italian case study. The International Journal of 

Life Cycle Assessment, 20(8), 1127–1142. https://doi.org/10.1007/s11367-015-0903-x 

[21] Girardi, P., Brambilla, C., & Mela, G. (2019). Life Cycle Air Emissions External Costs Assessment for comparing 

Electric and traditional passenger cars. Integrated Environmental Assessment and Management, 16(1). 

https://doi.org/10.1002/ieam.4211 

[22] IEA. (2020). World Energy Outlook 2020 – Analysis. IEA. https://www.iea.org/reports/world-energy-outlook-2020 

[23] Kain, J. F. (1968). Housing Segregation, Negro Employment, and Metropolitan Decentralization. The Quarterly 

Journal of Economics, 82(2), 175–197. https://doi.org/10.2307/1885893 

[24] Banerjee, A., Duflo, E., & Qian, N. (2020). On the Road: Access to Transportation Infrastructure and Economic 

Growth in China. Journal of Development Economics, 145, 102442. https://doi.org/10.1016/j.jdeveco.2020.102442 

[25] Yates, M. (2003). Naming the system: Inequality and work in the global economy. NYU Press. 

[26] American Public Transportation Association. (2020). Economic Impact of Public Transportation Investment 2020 

Update. https://www.apta.com/wp-content/uploads/APTA-Economic-Impact-Public-Transit-2020.pdf 

[27] Travel Times before and after the Introduction of a High Speed Rail Service (hours) | The Geography of Transport 

Systems. (n.d.). 

https://transportgeography.org/contents/chapter5/rail-transportation-pipelines/high-speed-rail-travel-time/ 

[28] Pierce, G., & Shoup, D. (2013). Getting the Prices Right. Journal of the American Planning Association, 79(1), 67–

81. https://doi.org/10.1080/01944363.2013.787307 

Proceedings of  the 3rd International  Conference on Environmental  Geoscience and Earth Ecology 
DOI:  10.54254/2753-8818/93/2025.22051 

18 


