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Abstract. With the continuous acceleration of urbanization worldwide, urban 

transportation systems are increasingly highlighting serious problems such as 

huge energy consumption and excessive carbon emissions, which have become 

important bottlenecks restricting the sustainable development of cities. This 

article focuses on the core issue of green transportation planning and explores its 

key role and specific implementation strategies in promoting urban sustainable 

development. It aims to build a collaborative framework that covers three 

elements: policy guidance, technological innovation, and social participation. 

Through a series of theoretical analysis and empirical case studies, have found 

that the successful implementation of green transportation planning requires 

coordination and cooperation at the institutional level, adaptive innovation at the 

technical level, and extensive participation at the social level. The transitional 

case analysis using Oslo and Shenzhen as examples further reveals the 

advantages and limitations of different development paths, and verifies that 

planning needs to be flexibly adjusted based on urban size, institutional 

background, and risk tolerance. The research results indicate that green 

transportation planning needs to adhere to systematic thinking, effectively 

address the challenges of urban complexity and climate change, and provide solid 

theoretical support and practical guidance for the sustainable development of 

cities around the world. 
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1 Introduction 

As the process of global urbanisation accelerates, cities are facing unprecedented 

challenges. Urbanisation has not only brought about population concentration and rapid 

economic development, but also caused many negative impacts. According to the 

United Nations data, the proportion of global urban population will exceed 68% by 

2050 [1]. The urban transport system, as an important part of the urban function, its 

energy consumption and carbon emission problems are becoming more and more 

prominent. The International Energy Agency (IEA) statistics show that the transport 

sector contributes 25% of global carbon emissions, of which urban road transport  
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accounts for up to 75% [2]. This trend is particularly severe in developing countries,
where transport carbon emissions are increasing year by year due to the proliferation
of private car ownership. The traditional fossil fuel-driven transport model not only
exacerbates climate change, but also leads to air pollution, noise pollution and low
land resource utilisation, which seriously constrains the sustainable development of
cities.

In addition, the contradiction between urban transport system and spatial structure
is also intensifying. Urban sprawl forces residents to rely on long-distance motorised
travel, and inadequate public transport coverage further exacerbates the vicious circle
of energy consumption. This phenomenon is particularly significant in rapidly
urbanising regions (e.g. Southeast Asia, Africa), where the carbon intensity of
transport emissions has reached 2.3 times that of developed countries [3].

Green transport planning is one of the core elements of the United Nations
Sustainable Development Goal 11 (SDG 11) ‘Sustainable Cities and Communities’,
which emphasizes building inclusive, safe, resilient and sustainable cities and human
settlements, of which Goal 11.2 explicitly states that to provide safe, affordable,
accessible and sustainable transport for all by 2030 [4]. Therefore, green transport
planning, as a core pathway for the implementation of SDG 11, has multidimensional
value in environmental, health, economic, and social equity dimensions.

However, existing studies still have limitations. First, policy design mostly focuses
on technological emission reduction and ignores social participation mechanisms.
Second, the evaluation system favours environmental indicators and lacks economic-
social-spatial synergy analysis. Third, the experience of developing countries is
insufficient to support heterogeneous urban demand.

Based on this, this paper aims to discuss the role and implementation strategies of
green transport planning in sustainable urban development, and to construct a ‘policy-
technology-society ’ trinity analysis framework for green transport planning, to
provide new ideas and methods for the sustainable development of urban transport,
promoting the implementation of green transport concepts in more cities, and helping
cities achieve green, low-carbon, and sustainable development.

2 Literature Review

The theory of green transport planning has always been deeply coupled with the goal
of sustainable development. Early studies were based on the ‘4E’ system framework
(Efficiency, Emission Reduction, Equity, Economic Harmony), emphasising the need
for multi-dimensional synergistic governance [5]. With the acceleration of
urbanisation, the focus of research has gradually shifted to the innovation of policy
tools and technology-enabling paths, but still faces the challenge of cross-integration.
2.1 Policy Synergy

The coupling effect between urban planning and transport policy is a hot research
topic. For example, Copenhagen has significantly increased the proportion of non-
motorised trips through the ‘ Bike First ’ policy and high-density mixed land use
planning, with the following core strategies. Firstly, establishing a 400+km bicycle
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motorway network through spatial reconfiguration [6]. Second, to create safe and
comfortable cycling conditions through control measures and soft policies to create a
bicycle-friendly city [6]. Third, through economic instruments and incentives,
differentiated congestion taxes and subsidies for green travel [6]. Similarly,
Shenzhen's ‘Triple Network Integration’ program seamlessly integrates rail, bus and
slow-moving transport systems to achieve a public transport sharing rate of 56% in
2015 [7]. Such cases show that policy synergy needs to be embedded in the urban
spatial governance system and beyond a single sectoral perspective.
2.2 Technology-Driven

The application of Intelligent Transport Technology (ITS) has significantly improved
transport efficiency, but it has also triggered new controversies. Hagen, Germany,
used AI to optimise traffic signal control, reducing waiting time at intersections by
47% [8]. The Guangzhou MaaS platform is a one-stop travel service platform based
on data from existing travel service platforms, which significantly reduces the
reliance on private cars [9]. However, the technology-led model may exacerbate
social exclusion, such as situations where low-income groups have fewer traveling
options instead due to insufficient digital literacy [8,9]. This paradox illustrates the
need for technology adoption to be combined with inclusive design.
2.3 Implementation Barriers and Reflections

Despite the green transport transformation has become a global consensus, its
implementation still faces a triple obstacle. Firstly, the data governance dilemma,
which is the misallocation of resources due to sectoral barriers, and thus under-
utilisation of resources. Second, the investment inertia lock, which means that most of
the financial investment prefers hardware construction (e.g., charging piles), however,
the lack of funds for operation and maintenance management can easily lead to idle
facilities. Third, social cognitive conflict, where the perceived risk of green
technologies (e.g., electric vehicle range anxiety) may inhibit the public's willingness
to participate. Recent studies have focused on the influence of the institution-culture-
technology triangle, such as the ‘ citizen jury ’ mechanism in some Nordic cities,
which has increased the acceptance of policy by including the public in transport
planning decisions, whereas Asian cities have relied on the government-led
‘ technology-capital ’ driven model, and their social adaptation costs are often
underestimated. This difference reflects the need for green transport planning to be
responsive to the local political economy rather than pursuing universal templates.

3 Theoretical Framework

3.1 Definition of Green Transportation

Green transport is a new type of transport concept proposed in response to the
rethinking of the traditional high-carbon transport model. It aims to build a low-
carbon, efficient, inclusive and resilient urban transport system through technological
innovation, institutional design and social behaviour change [10]. Its goal is to
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achieve a balance between environmental sustainability, economic efficiency and
social well-being, which involves a multi-dimensional relationship between transport
and the environment, resources, cities and society [10].
3.2 Basic Characteristics of Green Transport

Green transport systems have four basic characteristics. Multimodal Integration
emphasises the synergistic optimisation of land and transport. Low-carbon
Technology is to reduce carbon emissions through electrification, AI and other
technologies. Social Inclusivity aims to remove barriers to travel based on the theory
of ‘’Mobility Justice‘’. System Resilience is to cope with climate uncertainty through
multi-energy backup and climate-responsive road networks.
3.3 Principles of Green Transport Planning

Green transport planning follows a triple principle. The principle of sustainable
development ensures the long-term sustainability of the transport system, the rational
use of resources and the establishment of an environmentally friendly relationship.
The principle of multi-dimensional synergy optimises the layout of the transport
network by compressing commuting distances through the TOD model, and
coordinating with a carbon tax, right-of-way allocation and subsidy policies. The
principle of public participation enhances participation through the mechanism of
‘ citizen's jury ’ and digital technology, and ensures the safety, comfort and
convenience of traveling by focusing on the needs of people. These three principles
form a closed loop of ‘goal-process-feedback’, ensuring that the plan is both technical
and social.

4 Case Studies

4.1 Oslo's ‘Zero Emission Transport Zone’

Oslo, Norway's ‘ Zero Emission Mobility Zone ’ policy, implemented from 2019,
promotes decarbonisation of the transport system through a three-phase incremental
strategy. In the first phase, diesel vehicles will be banned from the city centre on
weekdays, and nearly 800 city centre parking spaces will be removed [11]. The
second phase extends the ban to gasoline vehicles and HEVs. The third phase
achieves a complete ban on combustion, allowing only new energy vehicles.

To support the policy, the government has simultaneously upgraded its
infrastructure. Firstly, it built Europe's densest system of charging posts (6/km²) with
photovoltaic canopies and V2G (Vehicle to Grid) bidirectional charging technology
[12,13]. Secondly, transforms main roads into cycle priority roads and creates a dense
network of cycle lanes connecting to metro hubs [11]. Thirdly, the government tends
to operate electric scooters and shared bikes, and introduces night-time services for
24/7 climate-friendly travel ways [14]. By 2023, the transition policy has enabled
Oslo to reduce GHG emissions by 4,500 metric tonnes per year, reduce PM2.5 and
NO2 emissions by 22%, and account for about 80% of EV and HEV sales [15,16].
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However, the implementation of the policy has also triggered a social justice
controversy, as many low-income fuel car owners have begun to protest against the
radical policy, forcing the government to provide additional replacement subsidies
[11,17]. Meanwhile, the extreme cold weather exposed the short range of EVs,
revealing the risk of energy technology dependence [17].
4.2 The Shenzhen ‘Public Transport City’

As China's first ‘ public transport metropolis ’ demonstration city, Shenzhen has
constructed the world's largest electric public transport system with rail expansion and
new energy substitution as its core. In 2023, the operating mileage of Shenzhen's
urban rail network was increased to 567.1km, with a density of 0.28km/km² [18]. The
average daily passenger traffic of the metro line network reached 13,500
passengers/km, and its operational punctuality reached more than 99.97% [18]. 2017
achieved the full electrification of public transport, and 112 bus charging stations and
1888 charging piles were built [19]. These initiatives have increased the average daily
passenger flow of public transport to 13.8 million as of 2024, with a public transport
sharing rate of 57.9%, and an average annual reduction of 440,000 tonnes of carbon
dioxide [19,20].

However, the complexity of mega-cities also shows many problems. Peak hour
congestion, despite the high coverage of bus lanes, the number of private cars is still
increasing year by year, and by 2024, the number of motorised vehicles in Shenzhen
will be about 4.37 million, which is prone to cause congestion on the roads during
peak hours at reduced speeds [21]. Data silo problem, as metro, bus and bike-sharing
data belong to different companies, which may lead to a lack of connectivity in some
areas. Fiscal sustainability problem, Shenzhen metro revenue in 2023 after deducting
government financial subsidies of 730 million yuan, the net profit of -180 million
yuan, reflecting the high indebtedness of the metro construction and the dependence
on land grant revenue [22].
4.3 Case Comparison and Discussion

The two case studies reveal the differences between the different transformation
paths. Oslo adopts a market incentive-led progressive transformation, constructing a
social contract through carbon pricing and citizen consultation, with relatively low
policy opposition. In contrast, Shenzhen relies on policy-led technological
leapfrogging through rail network expansion and centralised investment, with
relatively limited public participation. Furthermore, Oslo faces the challenge of
adapting to climate extremes, while Shenzhen is constrained by data silos and
financial sustainability.

The similarities lie in that both need to strengthen their resilience design. The
former needs to improve the energy backup system, while the latter should optimise
the integration of multiple data. Thus, the study further verifies that green transport
planning needs to be adapted to city scale, institutions and risks, and that the Nordic
‘ socio-technical co-management ’ model and the East Asian ‘ government-market
synergy’ path can be used as a reference for each other.
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5 Implementation and Challenges

The implementation of green transport planning requires to construction of a
synergistic framework of ‘Policy-Technology-Society ’ , and its core implementation
paths and challenges are reflected in three aspects.
5.1 Policy Synergy

Cross-sectoral synergy is the institutional cornerstone of green transport. Take
Berlin's Climate Action Plan 2050 as an example, the policy enables the sharing of
GIS data between transport, energy and land sectors, and the establishment of a
project collaboration group for the dynamic development of charging infrastructure
[23]. Incentive and disincentive tools are also crucial. Oslo's dual-track policy of
imposing a carbon surcharge on fuel vehicles and providing a replacement subsidy
has increased the EV market to about 80% [16]. However, not only can conflicting
sectoral interests lead to synergy failures, but the time lag of some policies also
creates tension with short-term performance aspirations.
5.2 Technological Innovation

Smart technologies offer new ideas for traffic optimisation, but their application needs
to balance efficiency and equity. Melbourne uses AI-driven loop detectors to collect
data to adjust signal durations [8]. Guangzhou's MaaS platform integrates travel data
from multiple companies through technology to improve the efficiency of cross-
platform connection scheme generation [9]. However, the road of technological
innovation also faces challenges. AI data suffers from systematic data bias, which
may lead to AI allocating fewer rights of way to a few communities in its
management. In addition, the growing digital divide may lead to low usage of
platforms such as MaaS by the elderly, which may give rise to new types of mobility
exclusion.
5.3 Public Participation

Public participation is key to moving from symbolic consultation to substantive
empowerment. Residents of SSV eco-communities in Denmark participate in various
working groups that engage residents practically in activities to reduce carbon
footprints, therefore their average carbon footprint is 60% lower than the average
carbon footprint of the Danish population [24]. However, the participation mechanism
faces sustainability challenges, as some policies lack sustained incentives, which may
lead to a decline in public participation from year to year. Moreover, the complexity
of emerging technology applications may lead to different utilisation rates for
different groups, which reflects that technological empowerment may instead create
new inequalities.

6 Conclusion

This study starts from the perspective of sustainable urban development, analyses
typical cases around the world, and explores the role and implementation strategies of

1156 S. Chen



green transport planning, whose success relies on a balance of institutional synergy,
technological adaptation and social participation. The study shows that there are
frictional costs associated with institutional synergies, technological pathways need to
be matched with city size and energy mix, and social participation is the cornerstone
of policy implementation. Furthermore, the response of existing plans to cultural
inertia and climate extremes is still insufficient and needs to be further optimised.

Firstly, build a smart resilience monitoring system. Through the integration of IoT
sensors and public participation platforms, establish a closed-loop mechanism of
‘ monitoring-assessment-optimisation ’ . Simultaneously, set up a flexible response
threshold to ensure the fairness of basic traveling. Second, innovate international
synergistic governance tools. Incorporate green transport projects into the
international voluntary carbon market (VCM), which can feed back low-income fare
subsidies through carbon trading proceeds. In addition, establish a technology transfer
fund to support developing countries in acquiring appropriate technologies and
circumventing intellectual property barriers. Finally, cultivate a social and
technological co-governance ecosystem. Through the design of stepped incentives to
encourage public participation and the establishment of cross-boundary knowledge
networks, the Carbon Neutral Transport Alliance should be set up to promote the
sharing of experiences among cities and reduce the cost of repeated trial and error.

The limitations of this study lie in the case studies geographical distribution and
the data timeliness. The cases are concentrated in Eurasian cities, which are not
representative of global urbanisation, and the long-term observation of the effects of
some of the policies is insufficient, which may underestimate the costs of the
institutions or the risk of technological lock-in. In the future, the study can be
expanded to cities in Africa or the Southern Hemisphere, track policy data in the long-
term, and use big data or AI models to predict long term effects. The aim is to build a
knowledge-sharing platform for global transport governance and to promote green
transport as a collaborative action of the human destiny community.

References

1. United Nations, Department of Economic and Social Affairs, Population Division. World
Urbanization Prospects: The 2018 Revision. https://population.un.org/wup/, last accessed
2025/2/5

2. International Energy Agency (IEA). Greenhouse gas emissions from energy.
https://www.iea.org/data-and-statistics/data-product/greenhouse-gas-emissions-from-
energy, last accessed 2025/2/5

3. Intergovernmental Panel on Climate Change (IPCC). Climate Change 2022: Mitigation of
Climate Change. Working Group III Contribution to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. https://www.ipcc.ch/report/sixth-assessment-
report-working-group-3/, last accessed 2025/2/5

4. United Nations. Sustainable Development Goals: Goal 11 – Sustainable Cities and
Communities. https://www.un.org/sustainabledevelopment/cities/ last accessed 2025/2/5

5. Banister, D.: The sustainable mobility paradigm. Transport Policy 15(2), 73-80 (2008)
6. Gössling, S.: Urban transport transitions: Copenhagen, city of cyclists. Journal of

Transport Geography 33, 196–206 (2013)

1157Exploration of Green Transportation Planning from the PerspectiveExploration o

https://population.un.org/wup/,


7. Li, Y., Fei, L., Yang, Y.: The exploration and practice of realizing the integration of the
green transportation and three networks in Shenzhen, Proceedings of the 2017 Annual
Conference on Urban Transportation Planning in China, 289-294 (2017)

8. Katsiaryna, B.: AI-driven scenarios for urban mobility: Quantifying the role of ODE
models and scenarios. Planning in Reducing Traffic Congestion (2024)

9. Dong, Z.: Practice and thinking of one-stop transportation and travel convergence payment
MaaS platform--Taking Guangzhou as an example. Transportation and Harbor Navigation
9(2):9-14 (2022)

10. World Bank. Toward Sustainable Mobility: Green Mobility. World Bank Group (2019)
11. European Commission. Oslo-Promoting Active Transport Modes. Urban Mobility

Observatory. https://urban-mobility-observatory.transport.ec.europa.eu/resources/case-
studies/oslo-promoting-active-transport-modes_en, last accessed 2025/2/10

12. Highest Charging Density in European Cities. EVBoosters. https://evboosters.com/ev-
charging-news/highest-charging-density-in-european-cities/, last accessed 2025/2/10

13. Niels, O., Eirik, O., Thomas, M.: The grid benefits of vehicle-to-grid in Norway and
Denmark: An analysis of home- and public parking potentials, Energy 293, 130729.

14. Voi.: Ryde and Bolt Win Oslo E-Scooter Tender. Zag Daily (2025)
15. Oluwadamilola, A. Oyadeyi, Olajide O. Oyadeyi.: Towards inclusive and sustainable

strategies in smart cities: A comparative analysis of Zurich, Oslo, and Copenhagen,
Research in Globalization 10, 100271 (2025)

16. Liu, A.: Lessons from Oslo, Norway's experience in promoting electric vehicles. Energy
Efficiency and Environmental Protection (06), 20-22 (2023)

17. Oslo's Sustainable Transportation: A Model for Green Urban Mobility. Exaputra.
https://www.exaputra.com/2023/07/oslos-sustainable-transportation-model.html, last
accessed 2025/2/10

18. Shenzhen Municipal Transport Bureau. Shenzhen's rail transit network density ranks first
in China. https://jtys.sz.gov.cn/gkmlpt/content/11/11233/post_11233986.html#1514, last
accessed 2025/2/10

19. Shenzhen Transport Bureau. Shenzhen's "Green Bus" Model Gains Global Promotion.
https://jtys.sz.gov.cn/zwgk/ztzl/msss/2021gjcxxc/mrhd/content/post_9184774.html, last
accessed 2025/2/10

20. Shenzhen Municipal People's Government. Green travel: A new standard for citizens' low-
carbon living.
https://www.sz.gov.cn/ztfw/jtly/wyk_184755/content/mpost_11567923.html, last accessed
2025/2/10

21. Shenzhen Municipal Public Security Bureau Traffic Police. 2024 November vehicle
management-related business data.
https://szjj.sz.gov.cn/gkmlpt/content/11/11854/mpost_11854041.html#2272, last accessed
2025/2/10

22. Liu, B.Y.: Twenty-nine Chinese Cities' Subways Operate at a Loss, Total Debt Exceeds $4
Trillion, Radio Free Asia (2024)

23. Berlin Partner. Climate-neutral Berlin. https://www.berlin-
partner.de/en/news/detail/climate-neutral-berlin, last accessed 2025/2/10

24. Gausset, Q., Jensen, P.D.: Living sustainably in a Danish eco-community: how social and
physical infrastructures affect carbon footprints. npj Clim. Action 3, 33 (2024)

1158 S. Chen



Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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