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Abstract: This research article investigates the sustainable development of transport infrastructure
within the national economy, emphasizing the critical intersection of economic growth, environmental
responsibility, and social equity. The study explores theoretical frameworks and practical approaches
employed in the planning, implementation, and management of sustainable transport systems. The role
of integrated transportation planning, multimodal systems, green infrastructure, and smart technologies
is analyzed to assess their impact on reducing congestion, minimizing emissions, and enhancing overall
accessibility. Examining the effectiveness of public-private partnerships, regulatory measures, and
community engagement, the research delves into the challenges and opportunities associated with
achieving sustainable transport infrastructure. Additionally, the article explores the significance of
smart traffic management systems, fleet modernization, and incentives for environmentally friendly
modes of transportation. The regulatory measures and standards implemented to guide sustainable
practices are scrutinized, focusing on their role in shaping a transportation landscape that aligns with
broader sustainability objectives. The findings aim to provide insights for policymakers, urban planners,
and researchers, offering a comprehensive perspective on the complex dynamics involved in fostering

a sustainable transport infrastructure system within the national economy.
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1. Introduction

Transport infrastructure plays a crucial role in the development and functioning of a national
economy since transport is one of the most important infrastructure branches of material
production, which provides production and non-production needs of national economy and
population in all types of transportation (Zhang & Cheng, 2023). Transport system is one of
the basic branches of the economy, which ensures its stable functioning of necessary
conditions for defense capability, national security, state integrity, raising the standard of
living of the population (Skorobogatova & Kuzmina-Metlino, 2017). Today, the transport
sector is significant and important segment for the country’s economy, because the entire
transport sector is effective and coordinated system is a driving force for the overall
development of the country.

Development and integration processes as well as increased competition in the market
of transport services require new approaches to the development of transport relations, the
creation of new technologies and improving the quality of services (Komornicki & Goliszek,
2023). Current economies are characterized by increasing the role of transport (Turan et al.,
2023), which provides vital activities for population, functioning and development of the
state, preservation of its defense capability, the possibility of achieving the country’s foreign
economic goals. Transport industry is a set of subjects of economic activity regardless their
forms of ownership that develop and produce products (perform work and provide services)
of certain types that have a homogeneous consumer or functional purpose (Lai, 2020;
Skorobogatova & Kuzmina-Merlino, 2017).
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Transport is the most important and most powerful branch of any industry countries in
the world. The structure of the country’s transport complex is formed under the influence of
many factors. Several factors can significantly influence the transport system in a country,
impacting its efficiency, accessibility, and overall performance. These factors are
interconnected and can vary based on geographical, economic, social, and political contexts.
Key factors include: geography and topography (Felbermayr & Tarasov, 2021); quality and
extent of transport infrastructure, including roads, railways, airports, seaports, and public
transit (Zhang & Cheng, 2023); economic development (Komornicki & Goliszek, 2023);
urbanization (Chanieabate et al., 2023); population density (Jasim et al., 2022); advancements
in transportation technology, such as electric vehicles, autonomous vehicles, or intelligent
transportation systems (ITS) (Oladimeji et al., 2023); government policies and regulations
(Zhang & Cheng, 2023); political stability and effective governance (Marcucci &
Stathopoulos, 2012); environmental issues (Alghuson, 2023); cultural preferences and social
behaviors (Loyola et al., 2019); international trade and globalization (Rahman et al., 2021);
vulnerability to natural disasters, such as earthquakes, floods, or hurricanes (Alghuson, 2023);
and fluctuations in energy prices and the availability of energy resources (Voitko et al., 2022).
Understanding and addressing these factors is essential for effective transport planning and
policy-making. A holistic approach that considers the interplay of these factors can contribute
to the development of a resilient, sustainable, and efficient transportation system in a country.

Also, it is necessary to analyze the category of transport itself and outline its features.
Thus, transport refers to a set of means intended for the movement of people, goods, signals
and information from one place to another (Hashchuk & Tymoshenko, 2020). We found that
transport possesses certain features:

transport is the main component connecting production and consumption of products
(Felbermayr & Tarasov, 2021);

transport does not produce the latest products, but is a continuation of manufacturing
process within the circulation, it only moves products already manufactured by other sectors
of the economy (Olabanji & Mpofu, 2022);

transport, through circulation processes, forms additional production of processes and
affects the formation of product prices due to its costs of maintenance and operation (Zhang
& Cheng, 2023);

transport products do not include raw materials. Unlike industrial sectors of the
economy, transport does not use at all raw materials, but, despite this, consumes a huge
amount of fuel, electricity, oil and other consumables (Voitko et al., 2022);

transport, the development of which precedes the introduction of production, in turn,
affects the location, qualification and cooperation of this production (Komornicki &
Goliszek, 2023);

money circulation in the transport sector is different from their circulation in industry
and agriculture (Rahman et al., 2021);

transport regulates the production and sale of products and, thereby, takes participation
in the labor division in the economy (Rahman et al., 2021; Skorobogatova & Kuzmina-
Metlino, 2017);

transport and exchange of goods mutually affect each other in the process of circulation
in the economy, having at the same time a close mutual connection (Rahman et al., 2021;
Zhang & Cheng, 2023);

transport actively affects various spheres of the state, economy and society, namely:
financial sector, national defense, social mutual relations in society, cultural development
(Loyola et al., 2019).

In reference literature, the term “infrastructure” is defined as a set of specific forms,
methods and processes, as well as structures, buildings, various communications that provide
general conditions and normality functioning of economic, social, ecological and other areas
vital activities of society, its reproduction and development (Wang et al.,, 2018). These
conditions are created by a complex of industries and spheres of the economy, a system of
technical-technological, organizational-economic, social, communication interconnections of
all infrastructure elements (Koval et al., 2021). Some researchers consider infrastructure as a
combination of activities and relevant subjects engaged in maintenance of social production
(Scholten et al., 2023). Infrastructure emerges through the improvement of productive forces
of society, deepening of social division of labor (Wang et al., 2018). Also, infrastructure of a
high degree of development allows to apply all production potentials (Khadim et al., 2021),
minimize production time intervals and accelerate the transition of products to sphere of
circulation, deliver material goods to the consumer and satisfy its demand (Koval et al., 2021).
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At the same time, transport infrastructure refers to the physical and organizational
structures, facilities, and systems that support the movement of people, goods, and services
from one location to another (Scholten et al., 2023). It is a critical component of a country’s
or region’s overall infrastructure and plays a fundamental role in enabling economic activities,
trade, and social interactions. Transport infrastructure encompasses various modes of
transportation, including roadways, railways, airports, seaports, and public transportation
systems.

The importance of transport infrastructure for any country is extremely high. It affects
economic, defense, socio-political and cultural functions that are important for the state
(Sevéenko-Kozlovska & Cizianiené, 2022). The economic role of transport lies, first of all, in
the fact that it is an organic link of each production, carties out continuous and mass delivery
of all types of raw materials, fuel and products from points of production to points of
consumption, and also carries out labor division, specialization and cooperation of
production. Rational location of production development of new territories and natural
resources are impossible without transport.

Findings show that positive impact of transport infrastructure concern various aspects
of a country’s economy, society, and environment (Komornicki & Goliszek, 2023). The
recent research state that positive impacts of well-designed and planned transport
infrastructure include economic growth and market access (Donaldson & Hornbeck, 2016);
employment opportunities (Laborda & Sotelsek, 2019); trade facilitation both international
and regional (Rahman et al., 2021); reduced transportation costs and, as a result, logistics
efficiency (Wheat et al., 2019); urban and rural development (Chanieabate et al., 2023);
development of tourism industry (Hrushka et al., 2021); improved social interaction (Lee at
al., 2020); emergency response (Alghuson, 2023); and improved quality of life by reducing
travel times, congestion, and stress associated with transportation challenges (Hybel &
Mulalic, 2022).

Sustainable development of transport infrastructure involves the strategic planning,
design, and implementation of transportation systems that meet the current needs of society
while safeguarding the well-being of future generations and the environment (Abu-Eisheh et
al., 2020). This approach encompasses various principles to minimize negative impacts and
enhance the overall resilience, efficiency, and inclusivity of transportation networks. One key
aspect is the reduction of environmental harm, focusing on mitigating air pollution,
greenhouse gas emissions, and noise. Sustainable development seeks to integrate renewable
energy sources, promote energy-efficient technologies, and minimize disruption to natural
habitats, fostering a transportation system that is environmentally responsible.

In addition, sustainable development of transport infrastructure emphasizes social
inclusivity and equity (Pagliara et al., 2020). It prioritizes accessible and affordable
transportation services for all members of society, considering diverse needs, abilities, and
socioeconomic backgrounds. This includes the promotion of public and active transportation
options, such as buses, trains, cycling, and walking, to reduce dependency on individual
motorized vehicles. Engaging local communities and stakeholders in the decision-making
process ensures that the infrastructure addresses their concerns and needs. Additionally,
sustainable transport infrastructure aims to enhance overall resilience to climate change,
incorporating climate-adaptive design principles to withstand extreme weather events
(Alghuson, 2023). By integrating smart and innovative technologies, fostering multi-modal
connectivity, and fostering community engagement, sustainable development of transport
infrastructure aims to create a balanced and resilient transportation system that benefits
society, the economy, and the environment in the long term (Chakwizira, 2022; Du et al.,
2022).

Considering the importance of sustainable development of transport infrastructure in
the system of national economy, the research aim is to identify the mechanisms of the impact
of transport infrastructure on the economic growth and to describe the role sustainable
development of transport infrastructure plain in a country.

To achieve this aim, the following objectives have been defined: (1) to analyze
approaches to defining the concept and main characteristics of transport infrastructure; (2) to
investigate the relationship between the development of transport infrastructure and
economic growth of the country; (3) to characterize the sustainable development of transport
infrastructure; (4) to formulate recommendations for improving the policy of development
of transport infrastructure in s country.
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2. Materials and Methods

We used general scientific and special methods research, in particular methods of theoretical
generalization; deductions; logic analysis and synthesis; methods of analogies, system
approach; statistical analysis and formalization. Also, the descriptive method was applied to
define the main concepts of transport infrastructure; historical and comparative analysis was
used for the analysis of national market of transportation system, assessment of the
development of cooperation between different countries; correlation analysis was introduced
to determine the impact of investments in transport infrastructure for the economic growth.
In addition, we used expert assessments and forecasts during the development of scenatios
of sustainable development of transport infrastructure.

Various experts from different fields contributed to the research. We involved experts
and professionals who specialize in designing and optimizing transport system, in particular
civil engineers, transportation engineers, urban planners, environmental scientists,
economists, geographers, traffic engineers, professionals in logistics and supply chain
management, and legal experts who specialize in transportation law. Such interdisciplinary
research teams were essential to address the complex and interconnected challenges
associated with transportation planning and development.

3. Results

Transport infrastructure is a subsystem of the market economy, integral component of the
entire state or regional infrastructure of economy, without which economic sectors and links
cannot function the main production and production area of various types of markets
(Felbermayr & Tarasov, 2021). According to Komornicki and Goliszek (2023), transport
infrastructure includes means of communication (road, rail, water, air, etc.), a complex of
engineering structures, buildings and related devices which ensures the functioning of
transport infrastructure elements, and also the necessary means of transportation,
management and mutual connection.

Cus-Babic¢ et al. (2022) believe that the transport infrastructure is a totality of transport
communications, passenger service facilities and freight transportation, maintenance and
repair facilities, which provide the needs for the provision of transport services, i.e. movement
cargo and passengers. Rahman et al. (2021) define transport infrastructure as one of elements
of the market infrastructure, the purpose of which is to combine into a single whole
production, consumption, processes of distribution of goods and their circulation. At this,
the transport infrastructure is considered from the point of view functioning of the regional
economy, ie. it must provide the fastest possible rotation of material, financial and
information resources within the framework of the formed spatial (at the level region) of the
network structure, taking into account that all elements, including transport infrastructure, in
this structure are related to each other as on regionally and at higher levels of functioning. At
the same time, Rahman et al. (2021), Skorobogatova and Kuzmina-Merlino (2017) emphasize
that the transport infrastructure is designed to ensure constant and high-quality transportation
of goods and passengers within the framework of national economy, relying on a certain set
of conditions (components), that have developed in a country, to which we refer: normative
and legal support, material support, financial and economic development spheres, human
resources, organizational conditions.

Other findings show that the transport infrastructure consists of all types of transport,
with their parts and links, communication routes, variable composition of motor vehicles,
machine maintenance facilities and transport and logistics companies working in the field of
transportation people and goods (Ngampravatdee et al., 2023). Transport infrastructure,
which is the basis of transport complex of the region, contributes to the formation of the
transport network and serves for the transportation of goods and passengers (Hybel &
Mulalic, 2022). It participates in formation of the organizational structure of the transport
complex, ensuring efficient use of vehicles (Wheat et al., 2019).

On the basis of the analysis of the definitions, we come to the conclusions that transport
infrastructure includes a number of components that can be divided into five groups: land
transport infrastructure, air transport infrastructure, maritime transport infrastructure, public
transport infrastructure, supporting infrastructure. Figure 1 presents the components of
transport infrastructure in details. These groups offer a simplified overview of the various
components within transport infrastructure, aiding in the understanding of their distinct roles
and functions.
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roads and highways; bridges and tunnels; traffic signals
L an d ‘ and signs; rail networks; railway stations; urban roads
and streets; pedestrian walkways and crosswalks;
bicycle lanes and paths

Air ‘ airports; runways and taxiways; terminals; air traffic
control towers; helipads

L. seaports and harbors; docks and piers; navigation
Maritime ‘ channels; container yards; inland waterways and ports;
ship terminals

Transport infrastructure

X buses and bus terminals; subways/metros; trams/light
PUth f rail; ferties; public transportation hubs; multimodal
terminals

ITS; traffic management systems; electronic toll
collection systems; real-time information systems;

logistics and freight intrastructure; distribution enters;
freight Teminals; intermodal terminals; pipeline
networks; electric vehicle infrastructure; charging
stations; traffic management and safety; traffic control
centers; surveillance systems; emergency response and
safety infrastructure; urban transport infrastructure;
roadside setvices (rest areas, service stations);

Supporting infrastructure

maintenance and repair facilities; parking facilities;
public transportation amenities (shelters, benches);
accessibility features (ramps, elevators)

Figure 1. Components of transport infrastructure.

Land transport infrastructure refers to the physical and organizational structures that
facilitate the movement of people, goods, and services over land. It encompasses various
modes of transportation, primarily focusing on roads and railways, as well as the associated
components that support land-based transportation systems (Gonzalez-Navarro et al., 2023).
Air transport, often referred to as aviation, is a mode of transportation that involves the
movement of passengers and goods through the air using aircraft (Trinh et al., 2022). The air
transport system is a complex network of infrastructure, services, and regulations designed to
ensure the safe and efficient operation of air travel (Mazzola et al., 2022). Maritime transport
infrastructure refers to the facilities, structures, and systems that support the movement of
ships and vessels for the transportation of goods, passengers, and commodities by sea. This
infrastructure is critical for international trade, connecting ports worldwide and facilitating
the efficient and safe flow of maritime traffic (Li et al., 2023). The findings indicate that public
transport infrastructure refers to the physical and organizational components that support the
movement of passengers using shared or public modes of transportation (Bureau, 2011). This
infrastructure is designed to provide accessible, efficient, and sustainable transportation
options for the general public. And supporting transport infrastructure refers to various
facilities, services, and technologies that play a vital role in ensuring the efficient and safe
functioning of transportation systems (Komornicki & Goliszek, 2023). These elements are
essential for maintaining and enhancing the overall performance, reliability, and sustainability
of the transportation network.
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Transport infrastructure exhibits various characteristics that collectively define its
functionality, effectiveness, and impact on the overall transportation system. According to
recent findings, the key characteristics of transport infrastructure include:

o Accessibility. Infrastructure should facilitate seamless connections between
different modes of transport, regions, and urban areas, ensuring accessibility for
people and goods (Gutiérrez et al., 1998).

o Effuiency. Well-designed infrastructure minimizes travel times and costs for both
passengers and freight, contributing to economic efficiency (Netirith & Ji, 2022).

o Safety standards. Infrastructure must comply with safety regulations and standards
to protect users and the environment from accidents and hazards (Batarliene,
2020).

o  Environmental  impact.  Sustainable transport infrastructure minimizes
environmental impact, considering factors such as emissions, energy
consumption, and land use (Alghuson, 2023).

e  Capacity. Infrastructure should be designed to accommodate current and future
demands, ensuring it can handle increases in traffic and usage (Burinskiene,
(2022).

o Reliability. Infrastructure should be resilient to natural disasters, accidents, and
other unforeseen events, minimizing disruptions to transportation networks
(Conceigao et al., 2023).

o [ntegration. Effective transport infrastructure integrates different modes of
transportation, allowing for smooth transfers and efficient movement of goods
and people (Netirith & Ji, 2022).

o Incorporation of technology. Modern infrastructure incorporates advanced
technologies, such as ITS and automation, to enhance efficiency, safety, and
user experience (Oladimeji et al., 2023).

o Flexibility. Infrastructure should be adaptable to changing circumstances, such
as shifts in transportation patterns, technological advancements, and urban
development (Concei¢io et al., 2023).

o User-centric design. Consideration of diverse user needs, including accessibility for
individuals with disabilities, to ensure inclusivity and equitable access
(Batarliené, 2020; Conceicio et al., 2023).

o Contribution to economic growth. Transport infrastructure plays a vital role in
supporting economic activities, trade, and investment, contributing to overall
economic development (Donaldson & Hornbeck, 2016).

Effective and well-maintained transport infrastructure is fundamental for supporting
economic activities, enhancing mobility, and improving the overall quality of life for
communities. These characteristics collectively contribute to the success and sustainability of
transportation networks.

According to experts, contribution to economic growth (77,5 %), reliability (85,9 %),
safety standards (92,5 %), efficiency (89,1 %), and accessibility (76,5 %) have the biggest
impact upon transport infrastructure. Figure 2 shows experts’ assessment of transport
infrastructure impact by categories.

One of the important elements of the transport infrastructure is international transport
corridors (Stadkowski & Ciesla, 2018). Their main characteristics include: legislative —
normative; clearly the specified territory of transportation routes (car, railway, water), which
has the appropriate infrastructure (buildings, structures, equipment, service points, control
and management equipment of movement and other components). Some findings indicate
that an international transport corridor refers to a designated route or passage that facilitates
the seamless movement of goods, services, and people across multiple countries (Alam et al.,
2022). The establishment of international transport corridors is often driven by the aim of
improving trade and economic cooperation among nations, reducing transportation costs,
and promoting efficient logistics and supply chain management (Rahman et al., 2021). These
corridors serve as vital channels for the smooth flow of goods between different regions,
fostering economic growth, and creating opportunities for international collaboration and
development.

Typically, international transport corridors involve the coordination and cooperation of
multiple countries, as they traverse national borders. Governments, international
organizations, and private stakeholders often collaborate to develop, upgrade, and maintain
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the infrastructure along these corridors. Additionally, the establishment of standardized
procedures, customs facilitation, and regulatory frameworks are crucial for ensuring the
efficient functioning of international transport corridors. These corridors contribute not only
to economic development but also to diplomatic and geopolitical cooperation by fostering
connections and partnerships among nations along the route.

Contribution to economic growth 77.5
User-centric design 67.4
Flexibility 41.2
Incorporation of technology 32.7

Integration 43.6

Reliability 85.9
Capacity 48.9
Environmental impact 56.7
Safety standards 92.5

Efficiency 89.1

Accesibility 76.5

0 10 20 30 40 50 60 70 80 90 100

Figure 2. Experts’ assessment of transport infrastructure impact by categories.

The accumulation of infrastructure significantly contributes to economic growth of
countries. This is evidenced by numerous studies in macroeconomics literature (Vlahini¢ Lenz
et al., 2018). The following directions of influence of infrastructure on development of the
national economy: (1) infrastructure acts as one of the factors of production (Zhang & Cheng,
2023); (2) infrastructure provides effective influence of other factors on production;
infrastructure that acts in the quality of one of the incentives for the accumulation of the
influence of factors on production (Lai, 2020); (3) infrastructure acts as one of the main
drivers of demand for national level (Du et al., 2022; Zhang & Cheng, 2023); (4) infrastructure
is a component of development policy of national industry (Nenavath, 2023). Table 1
summarizes the effects of transport infrastructure upon economic growth.

Table 1. Effects of transport infrastructure upon economic growth.
Effect of transport infrastructure Description

Trade facilitation (Rahman et al., 2021) Efficient transport infrastructure enables the smooth movement of
goods, reducing transportation costs and facilitating trade. This, in
turn, stimulates economic activity and contributes to increased
production and consumption.

Investment attraction (Donaldson & Hornbeck, Well-developed transport networks make a country more attractive

20106) to investors, as they provide easier access to markets and resources.
This can lead to increased foreign direct investment and domestic
business expansion.

Job creation (Laborda & Sotelsek, 2019) The construction, maintenance, and operation of transport
infrastructure create job opportunities, both directly and indirectly.
This includes jobs in construction, logistics, and related service
industries.

Regional development (Hrushka et al., 2021) Transport infrastructure connects different regions within a country,
reducing regional disparities. Improved connectivity can lead to the
development of previously isolated areas, promoting balanced
economic growth.
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Efficient logistics (Wheat et al., 2019) Well-designed transport systems enhance the efficiency of logistics
and supply chains. This results in faster and more reliable movement
of goods, reducing delays and increasing overall productivity.

Urbanization and rural development Improved transport infrastructure often leads to urbanization as

(Chanieabate et al., 2023) people migrate to urban centers with better accessibility. This can
contribute to the development of cities as economic hubs

Technological advancements (KKoval et al., 2021; The development of transport infrastructure often involves the

Oladimeji et al., 2023) adoption of advanced technologies, driving innovation and
technological progress within the country
Cultural exchange (Loyola et al., 2019) Improved transport infrastructure facilitates easier movement of

people, fostering cultural exchange and interaction. This can
contribute to a more interconnected and culturally diverse society
Therefore, the effects of transport infrastructure on national growth are multifaceted,

influencing economic, social, and environmental aspects. Strategic planning and sustainable
development practices are essential to harness the positive impacts while mitigating potential
drawbacks. We asked experts on the effects of transport infrastructure and the findings show
that trade facilitation, job creation, and investments are of the biggest significance. At the
same time, experts consider technological advancements and cultural exchange affects
economic growth less significantly.

80 745 76.1

70

59.7
60
53.4

49.8

40 37.6

30 28.2

20

10

Trade Investments  Job creation Regional Urbanization Technological Cultural
facilitation development and rural advancements  exchange
development

Figure 3. Experts’ assessment of effects of transport infrastructure upon economic growth.

At the same time a number of research are devoted to sustainable transport
infrastructure. Badassa et al. (2020) state that sustainable transport infrastructure refers to
systems and facilities designed, constructed, and operated with a focus on minimizing
negative environmental impacts. This includes measures to reduce carbon emissions, energy
consumption, and ecological disruption while promoting the use of renewable energy sources
and environmentally friendly construction materials (Kapur et al., 2021). Wang et al. (2018)
suggest that sustainable transport infrastructure involves economically viable solutions that
consider the long-term financial implications and benefits. This definition emphasizes the
importance of cost-effectiveness, efficient resource utilization, and the creation of
infrastructure that generates economic value over its lifecycle. Also, sustainable transport
infrastructure aims to create inclusive and equitable systems that cater to the diverse needs of
communities (Pagliara et al., 2020). This includes considerations for accessibility, affordability,
and safety, ensuring that infrastructure development does not disproportionately impact
vulnerable or marginalized groups. Conceicio et al. (2023) define sustainability in transport
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infrastructure as a construction that involves building resilient and adaptable systems capable
of withstanding the impacts of climate change, natural disasters, and evolving technological
trends. It deals with future-proofing infrastructure to ensure its continued functionality and
relevance over time. In addition, we found that sustainable transport infrastructure is
characterized by integrated and multimodal connectivity, promoting seamless movement of
people and goods across various modes of transportation (Mashingaidze & Mutonhodza,
2024). This involves the development of interconnected networks that facilitate a shift
towards more sustainable modes of transport, such as public transit, cycling, and walking,
while minimizing reliance on single-occupancy vehicles.

These definitions collectively highlight the multifaceted nature of sustainable transport
infrastructure, encompassing environmental, economic, social, and adaptive considerations.
Achieving sustainability in transport infrastructure requires a holistic approach that addresses
the interconnected challenges and opportunities associated with transportation systems
(Kramar et al., 2019; Sami & Sara, 2023).

Sustainable transport infrastructure is characterized by several key features that prioritize
environmental, economic, and social considerations. Figure 4 shows the essential
characteristics of sustainable transport infrastructure.

Community Environmental
engagement responsibility
Smart plannin Ecpngmic
p & viability
Resilience and Social
adaptability inclusivity
Integration

Figure 4. Experts’ assessment of effects of transport infrastructure upon economic growth.

Environmental  responsibility deals with minimization of negative impacts on the
environment, including reduced carbon emissions, minimal habitat disruption, and
responsible use of resources (Alghuson, 2023). Also, some researchers demand that the
infrastructure incorporates environmentally friendly design principles, such as the use of
renewable energy sources, energy-efficient technologies, and eco-friendly construction
materials (Abu-Eisheh et al., 2020).
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Economic viability means the fact that sustainable transport infrastructure is economically
viable, considering both initial construction costs and long-term operational expenses
(Komornicki & Goliszek, 2023). It prioritizes efficient resource utilization, life-cycle cost
analysis, and the creation of value for the community and economy. The development and
maintenance of sustainable transport infrastructure contribute to job creation (Laborda &
Sotelsek, 2019), supporting local economies and enhancing social well-being.

Social inclusivity suggests that sustainable transport infrastructure prioritizes accessibility
for all, ensuring that it meets the diverse needs of various demographic groups, including
people with disabilities and those from marginalized communities (Batarliené, 2020). It also
addresses safety as a paramount consideration, encompassing measures to protect
pedestrians, cyclists, and motorists (Conceicio et al., 2023).

Integration across different modes of transportation creates connectivity between public
transit, cycling, walking, and private vehicles (Netirith & Ji, 2022). Moreover, the
infrastructure includes intelligent traffic management systems to optimize traffic flow, reduce
congestion, and enhance overall transportation efficiency (Kramar et al., 2019).

Resilience and adaptability are orientation towards counteractions to the impacts of climate
change, including extreme weather events and rising sea levels (Conceicio et al., 2023). In
addition, the infrastructure incorporates adaptable and future-proof technologies, allowing
for easy integration of emerging transportation trends and innovations (Badassa et al., 2020).

Smart planning means that sustainable transport infrastructure aligns with smart urban
planning principles, promoting compact, mixed-use development that reduces the need for
extensive travel and supports local communities (Bamwesigye & Hlavackova, 2019).

Community engagement involves the active participation of the local community in the
planning and decision-making processes, ensuring that the infrastructure meets the specific
needs and preferences of the people it serves (Koval et al., 2021; Loyola et al., 2019).

These characteristics collectively contribute to the creation of transport infrastructure
that balances economic development with environmental stewardship and social inclusivity,
fostering a sustainable and resilient future. Figure 5 shows the experts assessments of effects
of sustainable transport infrastructure. The findings demonstrate that community
engagement and smart planning have the biggest effect. At the same time, environmental
responsibility is characterized by less effect according to the respondents.
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Figure 5. Experts’ assessment of effects of sustainable transport infrastructure.
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Therefore, implementing sustainable transport infrastructure is imperative for
addressing pressing global challenges and fostering long-term societal well-being. By
prioritizing environmentally responsible practices, sustainable transport infrastructure helps
mitigate climate change by reducing carbon emissions, minimizing habitat disruption, and
promoting the use of renewable energy sources (Alghuson, 2023). Economically, it ensures
cost-effective solutions that create value, generate employment, and support local economies.
Socially, sustainable transport infrastructure enhances accessibility for all, prioritizing safety,
inclusivity, and community engagement (KKoval et al., 2021). Moreover, it encourages efficient
and integrated multimodal connectivity, reducing congestion and enhancing overall
transportation efficiency (Concei¢do et al., 2023). Embracing sustainability in transport
infrastructure is not just an ethical imperative; it is a strategic investment in a resilient,
adaptable, and equitable future that balances economic growth with environmental
stewardship and social progress that successfully addressing these challenges requires a
comprehensive and adaptable approach, involving collaboration between employers,
employees, governments, and other stakeholders (Badassa et al., 2020). It also involves
ongoing efforts to understand and respond to the changing nature of work and the broader
societal landscape. At the same time, to implement sustainable transport infrastructure it is
necessary to develop specific recommendations that will consider the needs of all the
stakeholders of the national economy.

4. Discussion

Implementing sustainable transport infrastructure in a national economy involves
considering various conceptual and applicable approaches that focus on environmental,
social, and economic aspects. Theoretical approaches to achieve sustainable transport
infrastructure include integrated transportation planning (Ghafouri-Azar et al, 2023;
Schwedes & Hoor, 2019); multimodal transport systems (Kramarz & Przybylska, 2021); green
infrastructure development (Alghuson, 2023); smart technologies (Chakwizira, 2022); public-
private partnerships (PPPs) for sustainable infrastructure (Ndlovu & Newman, 2022);
behavioral change and demand management (Loyola et al., 2019); life cycle assessment (LCA)
and environmental impact assessment (EIA) (Abu-Eisheh et al., 2020); social equity and
accessibility (Batarliené, 2020).

Integrated transportation planning emphasizes comprehensive planning that integrates
various modes of transportation, land use, and urban development (Schwedes & Hoor, 2019).
The goal is to create a seamless and efficient transportation system that reduces congestion,
lowers emissions, and enhances accessibility (Ghafouri-Azar et al., 2023). Governments can
adopt integrated planning frameworks that involve collaboration between transportation
departments, urban planners, and environmental agencies. This ensures that transportation
solutions align with broader sustainability goals.

Multimodal transport systems such as public transit, cycling, walking, and shared mobility,
helps reduce reliance on individual car use (Kramarz & Przybylska, 2021). Investments in
public transit, cycling infrastructure, and pedestrian-friendly urban spaces are essential
(Donaldson & Hornbeck, 2016). Policies that encourage the integration of different modes,
like bike-sharing programs or seamless transit connections, support the development of a
multimodal transportation system.

Green infrastructure development focuses on creating transportation infrastructure that
minimizes environmental impact and promotes ecological sustainability (Alghuson, 2023).
Incorporating green design principles in infrastructure projects, such as green roofs,
permeable pavements, and wildlife corridors, helps mitigate the environmental impact.
Additionally, promoting the use of electric vehicles and renewable energy sources contributes
to greener transportation.

Smart technologies can optimize transportation systems, enhance efficiency, and reduce
environmental impact. Integrating smart technologies like intelligent traffic management
systems, real-time information for commuters, and the use of data analytics for transportation
planning can improve overall system efficiency and reduce emissions (Chakwizira, 2022).

PPPs for sustainable infrastructure involves collaboration between public and private sectors
to finance, design, and operate sustainable transportation infrastructure projects (Ndlovu &
Newman, 2022). Governments can encourage private sector involvement through well-
structured PPPs, ensuring that the projects adhere to sustainability criteria. This approach can
help overcome funding challenges and bring in innovative solutions.
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Behavioral Change and Demand Management encourage changes in travel behavior and
demand management strategies to reduce the overall need for transportation and promote
sustainable modes (Loyola et al., 2019). Implementing measures like congestion pricing,
promoting telecommuting, and providing incentives for using sustainable transportation
modes can influence individual behaviors and reduce the demand for private car travel.

LCA and ELA consider the environmental impact of transportation projects throughout
their entire life cycle, from construction to operation and decommissioning (Abu-Eisheh et
al., 2020). Governments can mandate LCA and EIA as part of the planning and approval
process for infrastructure projects. This ensures that the environmental consequences ate
thoroughly assessed, and sustainability measures ate incorporated (Kapur et al., 2021).

Social equity and accessibility emphasize the importance of providing accessible and
equitable transportation solutions for all members of society (Batarliené, 2020). Prioritizing
public transit in underserved areas, ensuring affordability, and addressing the needs of
vulnerable populations in transportation planning contribute to social equity and accessibility.

Implementing these conceptual approaches requires a coordinated effort from
governments, private sector stakeholders, and the community. Successful implementation
often involves a combination of policies, regulations, incentives, and public awareness
campaigns to drive sustainable change in the transportation sector.

At the same time, sustainable transport infrastructure in a national economy is
implemented through a number of applicable approaches that can be translated into
actionable initiatives. These practical strategies are the following: investment in public transit
(Raza et al., 2023); promotion of non-motorized transportation (Das et al., 2022; Shah et al.,
2023); incentives for electric vehicles (EVs) (Alghuson, 2023; Chakwizira, 2022; Du et al.,
2022); congestion pricing (Cipriani et al, 2019); urban planning for transit-oriented
development (TOD) (Ghafouri-Azar et al., 2023); fleet modernization and efficiency
programs (Wheat et al., 2019); smart traffic management systems (Chakwizira, 2022; Raza et
al., 2023); community engagement and education (Babaei et al., 2023); regulatory measures
and standards (Jelti et al., 2023).

Investment in public transit is oriented towards the increase funding for the development
and maintenance of reliable and extensive public transit systems, including buses, subways,
light rail, and commuter trains. This investment is typically initiated through a comprehensive
planning process that begins with a thorough assessment of transportation needs within a
community or region (Koval et al, 2021; Loyola et al, 2019). Governments and
transportation authorities identify areas facing congestion, evaluate existing transit
infrastructure, and anticipate future demands. Based on these findings, strategic plans are
developed to outline the objectives and priorities for improving public transit. Project
proposals are then formulated, detailing the scope, costs, and expected outcomes of specific
initiatives. Securing funding is a critical aspect of implementation, involving budget
allocations from government sources, grants, public-private partnerships, and sometimes
dedicated transit-related taxes or fees. Stakeholder engagement is essential during this phase,
ensuring that the proposed projects align with community expectations. Regulatory approvals,
including environmental impact assessments and necessary permits, are obtained to move
forward with the proposed transit infrastructure projects.

Once funding and approvals are secured, the implementation phase kicks off with the
design and engineering of transit infrastructure. This involves creating detailed plans for
routes, stations, and associated facilities, with a focus on cost estimation and accuracy.
Construction follows, with tenders issued and contracts awarded through a competitive
bidding process. Rigorous project management and oversight are crucial to ensure that
construction adheres to specifications, timelines, and budget constraints. The integration of
smart transit systems, such as real-time tracking and electronic ticketing, enhances operational
efficiency and user experience (Raza et al., 2023). After construction, thorough testing and
commissioning take place, ensuring the safety and reliability of the transit system before
gradually introducing services to the public. Ongoing maintenance, routine monitoring, and
continuous evaluation of performance complete the implementation cycle, allowing for
adjustments and improvements as needed. Throughout this process, collaboration among
various stakeholders, including government entities, private sector partners, and the public,
remains pivotal for the successful implementation of public transit investments.

Promotion of non-motorized transportation involves a multifaceted approach aimed at creating
infrastructure, policies, and incentives that encourage walking, cycling, and other sustainable
modes of travel (Shah et al., 2023). The implementation begins with urban planning that
prioritizes the development of pedestrian and cycling-friendly infrastructure. This includes

JEIME Vol.1 Issue 1 https://journals.eikipub.com/index.php/[EIME/index 29



https://journals.eikipub.com/index.php/JEIME/index

_]EIKI European Institute Journal of Economics, Innovative Management, @
C of Knowledge & Innovation and Entrepreneurship (JEIME) ISSN: XXXX-XXXX 1

the construction of dedicated bike lanes, pedestrian pathways, and shared spaces designed to
enhance safety and accessibility. Many agents are to collaborate to integrate non-motorized
infrastructure into existing urban landscapes, creating a comprehensive network that connects
residential areas, business districts, and public spaces. Implementing traffic-calming measures,
such as reduced speed limits and traffic signal prioritization for pedestrians and cyclists, also
contributes to the promotion of non-motorized transportation. In addition, public awareness
campaigns are launched to educate residents about the benefits of walking and cycling,
fostering a cultural shift toward embracing these modes as viable and healthy alternatives to
motorized transport (Alghuson, 2023).

Policy interventions play a crucial role in the promotion of non-mototized
transportation. Local governments may enact zoning regulations that encourage mixed-use
developments, ensuring that essential services, workplaces, and recreational areas are situated
within convenient walking or cycling distances (Das et al., 2022). Incentive programs, such as
bike-sharing initiatives and subsidies for purchasing bicycles or related equipment, further
encourage the adoption of non-motorized modes. Legislative measures may include the
implementation of strict parking policies to discourage car use in city centers and the
designation of car-free zones. Collaboration with businesses and employers to provide
amenities such as bike storage facilities and showers for cyclists contributes to a supportive
environment for non-motorized commuting. Ultimately, successful implementation requires
ongoing community engagement, monitoring of infrastructure usage, and a commitment to
refining policies and infrastructure based on feedback and evolving transportation needs.

Incentives for EV’s are typically implemented through a combination of financial,
regulatory, and infrastructure support measures (Chakwizira, 2022). Governments may offer
financial incentives such as tax credits, rebates, or grants to reduce the upfront cost of
purchasing an electric vehicle. Additionally, subsidies for installing home or workplace
charging stations may be provided to enhance charging infrastructure. Regulatory measures
may include exemptions or reductions in vehicle registration fees, tolls, or access to
congestion zones for electric vehicles. In some cases, preferential treatment, such as priority
parking or access to high-occupancy vehicle lanes, is granted to EV owners. Collaboration
with the private sector, including partnerships with automakers and utilities, can also play a
role in offering discounts or special financing options for electric vehicles. The aim is to create
a supportive ecosystem that not only makes electric vehicles more financially attractive but
also addresses concerns related to charging infrastructure and operational convenience,
thereby encouraging a broader adoption of sustainable transportation alternatives (Du et al.,
2022).

Congestion pricing plays a pivotal role in fostering sustainable transport infrastructure by
addressing traffic congestion, reducing emissions, and encouraging the adoption of eco-
friendly transportation modes (Cipriani et al., 2019). By imposing fees during peak hours or
in congested areas, this strategy incentivizes commuters to shift towards public transit,
carpooling, cycling, or walking, thereby diminishing the reliance on individual vehicles. The
resulting decrease in traffic congestion not only enhances transportation efficiency but also
contributes to improved air quality and reduced carbon emissions. Moreover, the revenue
generated from congestion pricing can be reinvested into sustainable transportation projects,
funding initiatives such as public transit expansion, cycling infrastructure, and pedestrian-
friendly urban spaces. Overall, congestion pricing stands as a powerful tool to optimize road
capacity, promote environmental sustainability, and shape more resilient and efficient urban
transportation systems.

Urban planning for TOD is a key component of sustainable transport infrastructure,
designed to create vibrant, efficient, and environmentally friendly urban environments
(Bamwesigye & Hlavackova, 2019). TOD focuses on strategically locating and designing
development projects, such as housing, commercial spaces, and recreational areas, around
public transit hubs. This approach encourages residents to use public transportation options,
reducing dependence on private vehicles and mitigating traffic congestion. In a TOD system,
transit stations become focal points for mixed-use developments, creating pedestrian-friendly
neighborhoods where people can live, work, and access amenities within walking distance of
transit nodes (Ghafouri-Azar et al., 2023). The planning process involves collaboration
between urban planners, transportation authorities, and local communities. Zoning
regulations are often adjusted to allow for higher-density developments near transit stations,
fostering a more compact urban form. Pedestrian and cycling infrastructure are prioritized to
enhance accessibility to transit nodes and promote sustainable modes of transportation.
Additionally, green spaces and public areas are integrated into the urban fabric to create a
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sense of community and improve the overall quality of life. By fostering dense, walkable
communities centered around transit, TOD not only contributes to reduced car dependency
but also promotes social interaction, economic vitality, and a more resilient and sustainable
urban environment.

Fleet modernization and efficiency programs play a vital role in the development of sustainable
transport infrastructure by addressing the environmental impact of transportation fleets. This
strategy focuses on upgrading and optimizing vehicle fleets, both in the public and private
sectors, to reduce emissions, enhance fuel efficiency, and embrace cleaner technologies. In
the context of public transportation, fleet modernization involves replacing older, less fuel-
efficient vehicles with newer models that adhere to higher environmental standards (Wheat
et al., 2019). This may include the introduction of electric buses or vehicles powered by
alternative fuels, contributing to a reduction in greenhouse gas emissions and air pollutants.
Efficiency programs within fleet management encompass initiatives aimed at optimizing the
operational performance of vehicles. This can involve implementing maintenance schedules
to ensure vehicles operate at peak efficiency, utilizing telematics and data analytics for route
optimization, and adopting eco-driving practices. Furthermore, integrating smart
technologies into fleet management systems can enhance overall efficiency by providing real-
time information on fuel consumption, vehicle performance, and emissions.

Smart traffic management systems are integral components of sustainable transport
infrastructure, leveraging advanced technologies to optimize traffic flow, enhance efficiency,
and reduce environmental impact (Chakwizira, 2022). These systems incorporate real-time
data analytics, sensors, and intelligent algorithms to monitor and manage traffic patterns
dynamically. By providing real-time information to commuters, these systems enable better
decision-making, reduce congestion, and minimize travel time. Additionally, smart traffic
management contributes to lower fuel consumption and emissions by facilitating smoother
traffic flow and minimizing idling times (Raza et al., 2023). Through adaptive signal controls,
predictive modeling, and integration with other smart city technologies, these systems support
a more sustainable urban transportation landscape, aligning with the goals of reducing
environmental impact and enhancing the overall efficiency of the transportation network.

Commmunity engagement and education are crucial elements in the development of sustainable
transport infrastructure, fostering a sense of inclusivity, awareness, and shared responsibility
among residents (Babaei et al., 2023). In the context of sustainable transportation, community
engagement involves involving local residents, businesses, and stakeholders in the planning
and decision-making processes. Public forums, workshops, and outreach programs are
organized to gather input, address concerns, and build a shared vision for transportation
initiatives. Education plays a pivotal role in raising awareness about the benefits of sustainable
transport modes, such as public transit, cycling, and walking. Campaigns may focus on the
environmental, health, and economic advantages of reducing reliance on private vehicles.
Furthermore, educational initiatives provide information on alternative transportation
options, safety measures, and the broader impact of sustainable transport choices. By actively
involving the community and fostering a deeper understanding of sustainable transport
practices, infrastructure projects can gain broader support, encouraging behavioral shifts and
creating a more resilient and environmentally conscious urban environment.

Regulatory measures and standards are essential components of a sustainable transport
infrastructure system, providing a framework to guide and enforce environmentally
responsible practices (Jelti et al., 2023). Governments often establish regulations to set
emission standards for vehicles, encouraging the adoption of cleaner technologies and
reducing the environmental impact of transportation. Additionally, fuel efficiency standards
may be implemented to incentivize the use of energy-efficient vehicles. Zoning regulations
and land-use policies play a role in promoting sustainable urban development and transit-
oriented design, encouraging compact and walkable communities. Some jurisdictions also
introduce measures like congestion pricing or road tolls to manage traffic flow and reduce the
environmental footprint of individual car travel. By enforcing these regulations, authorities
aim to align transportation practices with sustainability goals, promote the use of public
transit, and create a more eco-friendly and efficient transport system. Continuous monitoring
and updates to these regulatory frameworks are essential to adapt to evolving technologies
and ensure sustained progress towards a more sustainable transportation landscape.

Therefore, the implementation of sustainable transport infrastructure is a multifaceted
endeavor that requires a comprehensive and collaborative approach. From theoretical
frameworks to practical measures, creating a transport system that is environmentally
responsible, socially equitable, and economically viable demands strategic planning,
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innovative solutions, and ongoing commitment. Integrating concepts such as integrated
transportation planning, multimodal systems, green infrastructure, and smart technologies is
essential to build a resilient and efficient network. Additionally, public-private partnerships,
regulatory measures, and community engagement play vital roles in overcoming challenges
and fostering widespread adoption of sustainable transportation practices. As we strive
towards a future with reduced emissions, enhanced accessibility, and improved urban
livability, it is imperative to continue investing in and refining sustainable transport
infrastructure, recognizing its pivotal role in shaping resilient and environmentally conscious
societies.

5. Conclusions

Sustainable development of transport infrastructure within the national economy stands as a
multifaceted challenge and opportunity, requiring a nuanced understanding of the
interconnected realms of economics, environment, and societal well-being. Through an
exploration of theoretical frameworks and practical approaches, it becomes evident that
fostering sustainable transport infrastructure is not merely a technical endeavor but a
transformative process that necessitates a holistic and integrated perspective.

Theoretical approaches, such as integrated transportation planning and multimodal
systems, underscore the importance of cohesion in development strategies. The idea of
integrating various modes of transportation, land use, and urban planning into a unified
framework has shown promise in creating more efficient, accessible, and environmentally
responsible transport systems. However, the translation of these theoretical frameworks into
actionable policies and projects requires a concerted effort from governments, urban
planners, and community stakeholders.

Practical approaches, ranging from investments in public transit to incentives for electric
vehicles, form the backbone of actualizing sustainable transport infrastructure. Investment in
public transit, as seen in numerous successful case studies, is pivotal for reducing dependency
on individual cars and promoting more sustainable commuting habits. The promotion of
non-motorized transportation, through the development of cycling infrastructure and
pedestrian-friendly urban spaces, not only contributes to environmental sustainability but also
fosters healthier and more livable cities. Incentives for electric vehicles, coupled with the
expansion of charging infrastructure, accelerate the transition towards cleaner and greener
transportation options.

Smart traffic management systems emerge as technological solutions that optimize
existing infrastructure and improve overall transport efficiency. These systems, employing
real-time data and intelligent algorithms, have the potential to significantly reduce congestion,
enhance safety, and contribute to a more fluid and sustainable traffic environment. The
incorporation of such smart technologies aligns with the broader goals of creating resilient
and adaptable transport systems capable of addressing the evolving needs of growing urban
populations. In addition, PPPs have demonstrated their effectiveness in financing, designing,
and operating sustainable transport projects. The collaboration between government entities
and private sector stakeholders can overcome financial constraints, stimulate innovation, and
expedite the implementation of critical infrastructure projects. However, the success of PPPs
depends on robust governance structures, clear regulatory frameworks, and a shared
commitment to sustainability.

Also, regulatory measures and standards play a pivotal role in shaping the direction of
sustainable transport infrastructure. From emission standards to land-use policies, these
regulations guide the behavior of stakeholders within the transport sector. They set the bar
for vehicle efficiency, influence urban development patterns, and, when well-crafted,
contribute to the creation of a transport system aligned with environmental and societal
sustainability. We found that community engagement and education are oriented towards
sustainable transport initiatives. An informed and engaged community is more likely to
embrace and actively participate in the transition towards sustainable transportation practices.
Local input is critical in ensuring that projects align with the unique needs and values of the
community, and education campaigns foster a deeper understanding of the benefits associated
with sustainable transport choices.

In conclusion, the sustainable development of transport infrastructure is a dynamic and
ongoing process that requires a delicate balance between various stakeholders, innovative
technologies, and evolving societal expectations. The integration of sustainable principles into
the transport sector is not just an imperative for environmental conservation; it is an
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investment in the resilience, efficiency, and well-being of our communities. As we move
forward, it is paramount to build on the insights from theoretical approaches and practical
implementations, leveraging the collective wisdom gained to create transport systems that
truly serve the needs of the present without compromising the ability of future generations
to meet their own.

Further studies could explore several avenues to deepen our understanding and refine
sustainable practices within the transportation sector, including long-term impact of
sustainable transport infrastructure projects; comparative analyses of sustainable transport
practices across different nations or regions; behavioral aspects of sustainable transport
adoption; and the role of emerging technologies, such as autonomous vehicles, artificial
intelligence, and blockchain, in enhancing sustainable transport infrastructure. Investigating
these areas, researchers can contribute to the ongoing refinement of sustainable transport
infrastructure, ensuring that future initiatives are informed by a comprehensive understanding
of their economic, environmental, and social implications.
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