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Abstract

Nowadays, environmental concerns have significantly influenced business management and societal practices, leading to a strong
focus on minimizing environmental damage and embracing sustainable development. This has prompted the adoption of greener
supply chain practices and the transition towards a circular economy (CE). Companies are under pressure to incorporate green
innovation practices, aiming for environmentally friendly and low-carbon development. This research aligns with the principles of
the CE, an emerging economic model that emphasizes resource preservation and energy efficiency. CE is also recognized as a key
driver for achieving sustainable development goals. However, the road freight transport sector, which is vital for goods
transportation, faces challenges in becoming more sustainable due to its significant greenhouse gas emissions. This study analyzes
the feasibility of achieving both environmental and financial sustainability in the road freight transport sector in Portugal. This
piece of research aims to determine if combining these two concepts is practically viable and explores how transitioning to a circular
economy can generate value and enhance environmental sustainability in the sector.

Drawing upon the interview results, existing literature, and principles of the circular economy, an analysis was conducted to
understand the current obstacles faced by companies in the sector and explore potential solutions. The main findings indicate that
implementing the circular economy in the sector requires better technological advancements to ensure the use of fully renewable
energy sources and facilitate the reuse of materials in vehicles. Additionally, it is crucial for all stakeholders to participate actively,
as the transition to a circular economy is a structural change that necessitates collective efforts from everyone involved.
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1. Introduction

The growing environmental concerns directly impact business management and social practices, prompting a strong
emphasis on minimizing environmental harm, such as climate change, resource depletion, and pollution [1], [2]. This
pressure has driven the adoption of greener supply chain practices to achieve sustainable development and transition
towards a circular economy (CE). Companies face internal and external pressures to incorporate green innovation
practices, leading to a global focus on pursuing environmentally friendly, low-carbon development [3], [4]. Within
this context, companies are increasingly oriented toward production improvement by using sustainable and efficient
resources to reduce environmental impact and shift to achieve a closed-loop supply chain, called a CE.

This research aligns with the principles of Circular Economy CE, an emerging economic model centered around
establishing a cycle that preserves resources and energy [5], [6]. By prioritizing recycling and reuse, the CE aims to
minimize waste generation, reduce greenhouse gas emissions, and use resources. This innovative production model
holds the potential to mitigate environmental impacts while driving economic growth [7]-[9]. Furthermore, the CE
facilitates the transition towards a more sustainable system, as it has been recognized as a key driver for achieving the
United Nations' sustainable development goals in 2019 [3].

Trying to apply these concepts to road freight transport, it can be seen that these vehicles are responsible for emitting
large amounts of greenhouse gases, yet they are essential for transporting goods [10]-[12]. Within this context, freight
vehicles and the companies that use them face obstacles that jeopardize their attempts to be more sustainable [11],
[13], [14].

This piece of research analyses the feasibility of achieving both environmental and financial sustainability for
companies operating in the road freight transport sector in Portugal. The study aims to determine whether it is
practically feasible to reconcile these two concepts and whether companies can effectively combine environmental
and financial sustainability. Additionally, the research aims to explore how the transition from a linear economy to a
CE can generate value and contribute to the environmental sustainability of companies within the road freight transport
sector.

2. Theoretical Background

The Sustainable Development Goals (SDGs) and the CE are both important frameworks that aim to address the
pressing challenges facing our planet and promote sustainable development. The SDGs, adopted by all United Nations
member states in 2015, provide a comprehensive roadmap for achieving a more equitable, inclusive, and
environmentally sustainable world by 2030 [15]-[17]. The CE, on the other hand, is an economic model that seeks to
transform the way we produce, consume, and manage resources. It is based on the principles of designing out waste
and pollution, keeping products and materials in use for as long as possible, and regenerating natural systems. By
transitioning from the traditional linear "take-make-dispose" model to a circular one, resource extraction can be
reduced, waste generation minimized, and a more sustainable and resilient economy can be created [6], [18]-[22].

The CE and the SDGs are closely aligned and mutually reinforcing [22]. Many of the SDGs directly relate to the
principles and objectives of the circular economy. For example, SDG 12 on responsible consumption and production
specifically calls for the promotion of sustainable resource management, waste reduction, and recycling. Similarly,
SDG 9 on industry, innovation, and infrastructure encourages the adoption of sustainable practices, including resource
efficiency and cleaner production methods. On the other hand, the CE contributes to the achievement of the SDGs by
offering practical solutions to some of the world's most pressing challenges. It helps address poverty (SDG 1) by
creating new job opportunities. It supports sustainable cities and communities (SDG 11) by promoting efficient
resource use, circular urban planning, and sustainable transportation. It also contributes to climate action (SDG 13) by
reducing greenhouse gas emissions through practices such as energy-efficient manufacturing, recycling, and the use
of renewable energy sources. Furthermore, the CE fosters innovation and collaboration, which are essential for
achieving the SDGs [23]. It encourages cross-sectoral partnerships and knowledge sharing, promoting the
development of sustainable technologies, business models, and practices. By adopting CE principles, businesses and
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governments can drive sustainable innovation, improve resource efficiency, and enhance competitiveness in the global
market [24], [25].

The integration of the circular economy into sustainable development strategies can lead to numerous benefits [26]—
[28]. It can help create a more resilient and circular economy that is less dependent on finite resources, reducing
environmental degradation and promoting long-term sustainability [29]. It can also contribute to social inclusiveness
by providing opportunities for job creation, skills development, and economic empowerment [30]-[32].

Implementing circular economy principles in road freight transport is highly relevant for several reasons. Firstly,
the road freight transport sector is a significant contributor to environmental pollution and resource depletion [11],
[33]. By transitioning to a circular economy model, the sector can reduce its environmental footprint by minimizing
waste generation, promoting the reuse and recycling of materials, and adopting more sustainable practices [34], [35].
On the other hand, circular economy practices in road freight transport can contribute to resource efficiency and cost
savings. By optimizing the use of resources, such as fuel, packaging materials, and vehicle components, companies
can reduce their operational costs and improve their overall efficiency [36], [37]. This can lead to significant economic
benefits while reducing dependence on finite resources [38]. Furthermore, the circular economy can foster innovation
and drive the development of new business models and technologies in the road freight transport sector [34]. By
encouraging the reuse and remanufacturing of products and materials, companies can explore new revenue streams
and create value from waste or discarded items [7], [14]. This can stimulate job creation and promote economic growth
while reducing reliance on raw material extraction [22].

Implementing circular economy principles also enhances the resilience and sustainability of the road freight
transport sector. By reducing waste generation and promoting resource conservation, companies can mitigate risks
associated with resource scarcity, price volatility, and regulatory changes. This enables companies to adapt to evolving
market conditions and enhance their long-term competitiveness [39].

Overall, implementing circular economy principles in road freight transport can bring about numerous benefits,
including reduced environmental impact, improved resource efficiency, cost savings, innovation, and alignment with
sustainability goals. By embracing circularity, the sector can contribute to a more sustainable and resilient future [10],
[35], [38].

However, the implementation of circular economy principles in road freight transport faces several challenges that
need to be addressed. One of the key challenges is the complex and fragmented nature of the supply chain in the
transport industry. The involvement of multiple stakeholders, including manufacturers, distributors, retailers, and
logistics providers, makes it difficult to coordinate efforts and align interests towards circularity [40]. Collaboration
and cooperation among these stakeholders are essential to establish closed-loop systems and enable the reuse, repair,
and recycling of products and materials [41]-[44]. Another challenge lies in the need for innovative business models
and technologies that support circular practices in road freight transport. This includes the development of efficient
reverse logistics systems, advanced tracking and tracing technologies, and the establishment of networks for sharing
resources and optimizing transportation routes. Investment in infrastructure and equipment is required to facilitate the
collection, sorting, and processing of materials for recycling or remanufacturing [45], [46]. Regulatory barriers can
also hinder the adoption of circular economy practices in the road freight sector. Policies and regulations need to be
revised and adapted to encourage and support sustainable practices, such as extended producer responsibility and the
promotion of circular supply chains [47]-[49]. Additionally, there may be limited awareness and understanding of
circular economy concepts within the industry. Education and training programs, along with information-sharing
platforms, can help raise awareness and build capacity among industry stakeholders.

Addressing these challenges requires a multi-faceted approach that involves collaboration among stakeholders,
supportive policies and regulations, technological advancements, and raising awareness about the benefits of circular
economy practices in road freight transport. By overcoming these challenges, the industry can unlock opportunities
for improved resource efficiency, reduced waste, and a more sustainable and resilient road freight sector. The
combination of this practices may lead road freight companies to achieve both environmental and financial
sustainability. However, there is not that much research in this direction. This piece of research aims to cover this gap.
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3. Methodology

This research employs an exploratory case study methodology due to limited existing knowledge and the early
stages of the study. Five Semi-structured interviews were conducted with heads of Portuguese road freight companies
to identify challenges faced in improving financial and ecological performance. The interviews were conducted via
online Zoom, with three companies allowing for recording and two not. The interviews were conducted using a
predefined set of 17 open-ended questions based on literature and information from the sector and the companies.
They cover aspects related to resource efficiency, environmental pollution, waste generation and innovation, grouped
into 3 sections: management, ecologic products, and operations.

The interviews aimed to gather information, maintain the conversation, and gain a comprehensive understanding
of the current state of the sector.

4. Results

A comprehensive analysis was conducted on the results obtained from the interviews. All the respondents were
managers in strategic position in the company analyzed. General details of the companies are shown in table 1. All of
them correspond to companies operating in Portugal. Each manager's responses were individually analyzed for each
topic, while maintaining the anonymity of the respondents.

Table 1. Characteristics of the sample companies

Company Scope Type of services Number of | Number of | Turnover
vehicles employees in 2021

1 National & Cargo of heating oil & 410 470 22M€
international storage of goods

2 Iberian General cargo & food sector 100 150 34ME€
Peninsula

3 Iberian General cargo & logistics 1200 2361 242M€
Peninsula &
occasionally
Europe

4 Europe General cargo & logistics 1200 1200 107M€

5 National & General cargo & special 350 550 65M€
international goods

The conclusions drawn pertain to the sector as a whole and do not specifically identify any particular company. The
primary objective is to provide insights into the sector without compromising the privacy or confidentiality of any
individual company.

4.1. Value chain and route definition

Companies have different processes for responding to demand, with three transporting general goods and two
transporting both general and special goods. They receive orders digitally, using software to organize information and
optimize routes for outbound and return trips. Key pillars considered are financial and legal factors, aiming to
minimize fuel consumption and costs while maximizing legal driving time limits. Decision-making includes reducing
kilometers traveled, fuel consumption, and managing driver hours. Companies can be categorized into regular and
non-regular customers, with planning done well in advance.

Routing is organized in a consolidating manner, with different orders included in a single trip. Normal goods can
be consolidated, while special goods require thorough engineering and logistics studies to ensure safe transportation

+ More information about the questionnaire and the details of the responses, available upon request to the authors
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and smooth unloading. Return routes differ for special and general goods transport, with approximately 80% of trips
with special goods being empty due to delivery locations being far from urban areas and vehicles being equipped for
the goods transported on the outbound trip. In contrast, general goods transport plans routes considering pickup
locations, ensuring proximity and reducing empty kilometers

4.2. Alternative fuels

Fossil fuels remain the most advantageous choice for logistics, fuel consumption, vehicle performance, and prices
among five companies. Gas vehicles are currently unviable due to increased gas prices, making them financially
unviable for transporting special goods. Electric vehicles are not viable due to limited range and lack of charging
infrastructure. Hydrogen and natural gas are considered promising alternatives due to environmental benefits and
better performance, but improvements in vehicle availability, load capacity, and refueling infrastructure are needed.

4.3. Fleet renewal and vehicle recycling

Vehicle fleets vary among companies, with some having an average age of three years, others four, and others five
years. Companies renew a portion of their fleet annually, with fuel consumption being the primary selection criterion.
Vehicles contain recycled components, but manufacturers do not provide data on recycled materials. Transport
companies buy new vehicles for improvements, driver conditions, and fuel consumption reduction. At the end of their
lifespan, they have three options: enter a buyback agreement with manufacturers, sell used vehicles to third parties, or
dispose of degraded vehicles as waste.

Both buybacks and sales to third parties are essential to give vehicles a second lifespan. Due to high demand and
long delivery lead times, transport companies must be well-organized and attentive to their future needs to avoid
resource shortages or outdated vehicles.

4.4. Ecologic footprint

Transport companies face challenges in measuring their ecological footprint, with two out of three companies not
having an automated system. These companies are still in the discovery phase, focusing on operational questions like
accident impact calculations. Internal efforts are being made within quality and environmental departments, while the
third company does not show significant difficulties. Managers of companies without automated systems express a
need for more training on the subject.

Reducing footprints is a different scenario, with all companies striving to be more environmentally friendly. They
implement measures such as modern fleets, tire pressure control, and driver training. They also comply with energy
audits and rationalization plans. Only one out of five companies publishes an annual sustainability report, while one
is preparing to publish one.

4.5. Driver training

Transport companies are required to provide driver training every two years, with each company adapting its
programs based on their specific needs. Manufacturers provide training to drivers and traffic managers when
purchasing new trucks, focusing on efficient driving techniques. Data analysis from onboard computers helps identify
drivers needing assistance, resulting in reduced costs, fuel consumption, and ecological impact. Safety is crucial in
special goods transportation, with drivers needing knowledge of balance points, traction forces, friction forces,
engineering, and electronics. Mandatory and periodic continuous training is essential for drivers to acquire these skills.

4.6. Circular Economy
The logistics chain in Portugal is crucial for a sustainable logistics chain, but transporters are often disrespected

and have long waiting times for loading. This negatively impacts the environment and finances, as well as the
destination location. The attitude towards transport is different in Portugal, with production prioritizing transportation



6 Florinda Matos & M Rosario Perello-Marin/ Procedia Computer Science 00 (2023) 000-000

and companies seeking the cheapest options. Vehicles are acquired by manufacturers, complying with minimum legal
requirements for recycling materials. However, manufacturers are partially limited in technology, and some products
are not recyclable.

Companies are considering extending vehicle lifespans and servicing them every 100,000 kilometers. The industry
paradigm is heavily reliant on manufacturers, and transport companies are reliant on manufacturers for vehicle
acquisition. Four companies use renewable and non-renewable energy sources, with one increasing solar panels to
achieve self-sufficiency. The fifth company relies solely on non-renewable sources.

4.7. Barriers to sector development

The transportation sector faces numerous challenges, including marginalization, lack of strategic thinking, and a
shortage of skilled drivers. Drivers often face unfavorable conditions, such as inadequate facilities and personnel at
loading and unloading sites. This lack of respect and respect for all stakeholders is crucial for significant development.
Insufficient organization within the supply chain leads to limited productivity and unexpected costs for suppliers.

The shortage of skilled drivers is a significant concern, with long waiting times, limited restroom access, and
disrespectful treatment from customers. Industry associations like Antram and Astic in Portugal and Spain negotiate
with governments to address issues like load and unload times, but structural support from governments and the
European Union is necessary for lasting change.

Fuel-related issues also raise concerns, with increasing fuel prices and the scarcity of fossil fuels. Companies must
find ways to manage and adapt to these challenges. Additionally, the transportation sector is characterized by
fragmentation, low specialization, and intense competition, which can hinder sustainable growth and development.

To address these challenges, collective efforts from industry stakeholders, governments, and regulatory bodies are
needed. Implementing proactive policies, promoting coordination within the supply chain, and investing in alternative
fuels and transportation technologies are essential steps towards a sustainable and efficient transportation sector.

4.8. Sustainable future of the sector

The transportation sector faces uncertainty regarding environmental sustainability in the future. Managers agree
that awareness is crucial, but action must follow. Manufacturers play a crucial role in the sector, and change must start
from the top of the supply chain. Transport companies must ensure clients are aware of the importance of
transportation, as increasing control and security requirements may lead to competitors. Professional training for
drivers is essential for efficient and sustainable transportation.

Fuels like gas and hydrogen are uncertain, but electric vehicles are not a viable option. Refueling infrastructure on
highways faces logistical challenges, and reducing the number of diesel vehicles and increasing load capacity are
important objectives. Gas and hydrogen vehicles have less power compared to diesel vehicles, resulting in lower load
capacity. In the short term, diesel vehicles will dominate long-distance trips, but in the long term, all trips will be made
using alternative fuels. Maintaining a low average fleet age is important for cleaner and more efficient technologies,
while promoting vehicle reuse and increasing fleet age is another perspective.

5. Discussion

The study discusses the importance of environmental sustainability in the transportation sector, focusing on
financial and environmental aspects. Carriers aim to reduce travel time and costs by reducing total kilometers and
empty kilometers, which are beneficial in both financial and environmental aspects. They also emphasize improving
customer satisfaction through fleet management software.

As the energy landscape evolves, carriers must be open and prepared for change, driven by scientific advancements
in hydrogen technologies. However, there is still uncertainty in the sector, with managers holding different opinions
due to the lack of options and studies.

Ecological and social focus are becoming important variables in the competitive landscape, with increasing
demands from stakeholders. Fleet renewal becomes even more critical, considering environmental requirements.
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Companies must always have vehicles equipped with the latest and most efficient technologies and engines. However,
there is a trade-off between extending the lifespan of vehicles and increasing their ecological footprint over time.
Reusing vehicle materials on a larger scale may be a solution, but this practice is still under development.

Ecological footprint is a topic of interest, as sustainability is currently much discussed but not adequately measured.
Environmental indicators are useful tools for assessing ecological impact, but freight transport companies in Portugal
are still in an early stage when it comes to measuring the environmental impacts of their activities.

In terms of driver training, understanding organizational values that stimulate sustainable innovation and attitudes
is crucial for transitioning to a circular economy. Carriers should adapt organizational culture and maintain trust and
respect with transporters.

The dependence on science and brand manufacturers is real, but it cannot be an excuse for carriers to remain passive
in relation to this change of economic model. Carriers should focus on driver training, constant evaluation, energy
self-sufficiency in warehouses, and measuring their ecological footprint. Doing the best possible with what you have
is not only financial results and customer satisfaction but also the satisfaction of the planet.

6. Conclusion

This piece of research discusses the potential of the CE in solving environmental problems in the road freight
transport sector while creating value for companies. The study examines three main questions and presents the
following conclusions.

The CE offers solutions and challenges for both the environmental and financial aspects of the sector. Measures
such as reusing vehicle materials, using renewable fuels, redefining routes, reducing empty kilometers, increasing load
capacity per trip, achieving energy self-sufficiency in warehouses, measuring and improving ecological footprint can
address the sector's environmental issues and have positive financial implications. However, challenges remain,
including identifying sustainable future fuels, effectively measuring ecological footprints, making the profession of
driver more attractive, fostering a holistic view among supply chain stakeholders, and extending the lifespan of
materials for reuse in new vehicles.

Transport companies face challenges in implementing circular economy practices due to their dependency on
suppliers and manufacturers. Stakeholder involvement is crucial, but their vehicle utilization experience can help
address needs. High transition costs, scarcity of alternatives, customer demands, and financial constraints hinder
immediate adoption.

The study suggests that circular economy (CE) can address environmental challenges in road freight transport by
maximizing resource efficiency, reuse, and environmental preservation. Collaboration among suppliers,
manufacturers, transport companies, and customers is crucial, with science, manufacturers, and government support
playing vital roles. Sustainability should be a shared objective among all stakeholders.

7. Limitations, contributions and recommendations

This study faces limitations, including difficulty in contacting and conducting interviews with carriers, limited
sample size, and qualitative nature.

Findings cannot be generalized to a larger population or context, but provide a deeper understanding of the case.
The study raises awareness among carriers and manufacturing brands on sustainability and proposes multiple potential
solutions.

Future research should include manufacturing companies, as they play a pivotal role in driving the transition
towards a CE model.
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