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Abstract

Rapid urbanization and the development of transportation systems in modern cities significantly
increase the infrastructural pressure on the urban environment. Road infrastructure represents one of the
fundamental elements of the economic and social development of cities; however, its intensive
expansion often leads to environmental challenges such as air pollution, increased noise levels, and the
degradation of natural ecosystems. Eco-urbanism represents a contemporary concept of urban planning
aimed at achieving the harmonious integration of infrastructure with the natural environment. This paper
discusses the role of road infrastructure in eco-urban development, the principles of green road
infrastructure, and modern engineering solutions aimed at improving environmental sustainability in
urban transportation systems.
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Introduction

In the twenty-first century, the rapid growth of cities and the ongoing process of urbanization have
become one of the major challenges for modern societies. Urban expansion is accompanied by the
development of transportation systems and a continuous increase in the number of motor vehicles, which
places significant pressure on both the urban environment and natural ecosystems.

Road infrastructure constitutes a fundamental basis for economic development, as it enables the efficient
movement of people and goods. Nevertheless, traditional road projects are often primarily focused on
increasing traffic capacity, while environmental considerations receive comparatively less attention. As
a result, many cities experience increasing levels of air pollution and environmental noise.

Contemporary urban planning is increasingly based on the principles of sustainable development. Within
this context, the concept of eco-urbanism has emerged as an approach aimed at preserving the natural
environment and maintaining ecological balance during the development of urban infrastructure.

Within the eco-urbanism framework, particular attention is given to transportation infrastructure, as
roads occupy a significant portion of urban space and have substantial environmental impacts. Modern
road engineering increasingly incorporates technologies and design approaches that reduce ecological
impacts and support sustainable urban development.

Main Part

The Concept of Eco-Urbanism - Eco-urbanism represents an interdisciplinary approach to urban
planning that integrates architecture, engineering, ecology, and urban design. Its primary objective is the
creation of urban environments that simultaneously ensure economic development, social well-being,
and environmental protection.

The main principles of eco-urbanism include:
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o efficient use of natural resources;

e development of energy-efficient infrastructure;

e integration of green spaces within urban networks;

¢ development of environmentally sustainable transportation systems;

e creation of low-emission urban environments.

Urban transportation systems constitute one of the central components of eco-urbanism. Modern
planning approaches aim to reduce dependence on private automobiles and promote more sustainable
transportation alternatives.

Environmental Impacts of Road Infrastructure - Road infrastructure exerts significant impacts on
the environment. The construction and operation of roads are associated with several environmental

concerns:

e Air pollution - Road transport is one of the primary sources of urban air pollution. Vehicle
emissions contain carbon dioxide (CO:), nitrogen oxides (NOx), and particulate matter (PM),
which have negative effects on both human health and the environment.

o Noise pollution - Road traffic represents one of the major sources of urban noise. Traffic noise
significantly affects the quality of life and health of urban populations.

o Urban heat island effect - Asphalt and concrete surfaces absorb solar radiation and increase
urban temperatures. This phenomenon, known as the urban heat island effect, contributes to
elevated temperatures in densely built environments.

e Ecosystem fragmentation - The construction of new roads often leads to the fragmentation of
natural habitats and the reduction of biodiversity.

Ecological Street Design - Eco-urban street design represents an important direction in contemporary
urban planning. Such streets integrate transportation functions with ecological infrastructure. The main
elements of ecological street design include:

pedestrian zones;

bicycle lanes;

green and landscaped areas;

bioswale drainage systems;
stormwater management infrastructure.

Green streets contribute to improved air quality, reduced noise levels, and the regulation of the urban
microclimate.
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Pic. 1 — Eco-friendly street design

Ecological Road Pavement Structures - When designing eco-urban road infrastructure, pavement
structures differ from conventional road constructions because they incorporate environmental and
hydrological management elements. The primary objective of such pavement systems is to reduce
surface runoff, increase water infiltration, and decrease the load on urban drainage systems.

An ecological road structure typically consists of several functional layers:
e porous asphalt surface layer;
e open-graded base layer;
e drainage aggregate layer;
¢ infiltration or storage layer;
e subgrade soil.

The porous asphalt surface layer allows rapid infiltration of stormwater through the pavement surface.
The open-graded base layer typically consists of permeable aggregate materials that temporarily store
water and gradually allow infiltration into the subgrade.

The drainage layer, usually composed of coarse aggregates or stabilized materials, performs water
distribution and storage functions. When necessary, perforated drainage pipes may be integrated into
this layer to ensure controlled water discharge.

Such multilayer pavement systems significantly reduce surface runoff, improve groundwater recharge,
and decrease the risk of urban flooding.

Permeable Pavement Technologies - Permeable pavements represent one of the most effective
technological solutions in modern ecological road engineering. Their primary function is to facilitate the
infiltration of stormwater directly through the pavement structure.

The main types of permeable pavements include:

e Porous Asphalt - Porous asphalt mixtures exhibit high porosity (approximately 18-22%),
allowing rapid infiltration of water through the pavement surface into underlying layers. These
pavements are commonly used on roads with low to moderate traffic volumes, parking areas,
and urban streets.
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e Pervious Concrete - Pervious concrete contains minimal fine aggregates, resulting in a highly
porous structure that allows water to pass through the pavement.

o Permeable Interlocking Concrete Pavers - This system consists of interlocking concrete
blocks with joints filled with permeable materials such as gravel or sand, enabling effective
water infiltration while maintaining structural durability.

The use of permeable pavements provides several important engineering and environmental benefits:

reduction of surface runoff;

decreased load on urban drainage systems;

natural groundwater recharge;

reduction of the urban heat island effect;

improvement of stormwater quality through natural filtration.

Intelligent Transport Systems - The development of eco-urban transportation infrastructure also
involves the implementation of Intelligent Transport Systems (ITS). These systems utilize information
and communication technologies to manage and optimize traffic flows.

The key components of ITS include:
e adaptive traffic signal control,
e traffic monitoring and data collection systems;
e real-time transportation data processing;
e clectric vehicle charging infrastructure;
e public transport priority management systems.

The application of ITS technologies helps reduce traffic congestion, increase road network efficiency,
and decrease transportation-related emissions.

International Experience - Many cities worldwide actively implement eco-urban transportation and
road infrastructure solutions aimed at reducing environmental impacts and promoting sustainable urban
mobility. One notable example is Copenhagen, Denmark, which is internationally recognized for its
extensive bicycle infrastructure and transportation policies aimed at reducing dependence on private
automobiles. The city has developed a comprehensive network of safe and well-integrated cycling lanes.
Singapore represents another successful example of integrating ecological technologies and green
infrastructure into urban transportation systems. The city widely implements sustainable urban drainage
systems and advanced traffic management technologies to effectively manage stormwater and reduce
flood risks. Freiburg, Germany, is also considered one of the most successful examples of ecological
urban planning in Europe. The city prioritizes public transportation, cycling, and pedestrian mobility
while integrating green infrastructure and sustainable street design into its urban environment. These
examples demonstrate that eco-urban approaches significantly contribute to the creation of sustainable
and environmentally responsible cities.

Conclusion

The integration of eco-urbanism principles into road infrastructure planning and development represents
one of the key directions for achieving sustainable urban development. Considering environmental
factors in transportation planning helps reduce ecological impacts and improve the quality of the urban
environment. The implementation of green street concepts, permeable pavement technologies, and
sustainable urban drainage systems significantly reduces surface runoft, flood risks, and air pollution.
At the same time, such infrastructure contributes to improving the urban microclimate and mitigating
the urban heat island effect. Eco-urban approaches also create safer and more comfortable environments
for both motorized and non-motorized transportation users. The use of modern technologies and
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intelligent transportation systems increases the efficiency of transportation networks and reduces energy
consumption. International experience clearly demonstrates that environmentally oriented road
infrastructure plays an essential role in shaping sustainable cities. Therefore, the further development of
ecological road engineering and the wider implementation of innovative technologies are necessary to
ensure safe, efficient, and environmentally sustainable transportation systems.
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