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Abstract: The transportation sector has traditionally been considered essential for commercial
activities, although nowadays, it presents clear negative impacts on the environment and can reduce
social welfare. Thus, advanced optimization techniques are required to design sustainable routes with
low logistic costs. Moreover, these negative impacts may be significantly increased as a consequence
of the lack of synergy between the sustainability objectives. Correspondingly, the concept of transport
optimization in smart cities is becoming popular in both the real world and academia when public
decision making is lit by operations research models. In this paper, however, we argue that the level
of urban smartness depends on its sustainability and on the level of information and communication
technologies developed in the city. Therefore, the operations research models seek to achieve a higher
threshold in the sustainable transport standards in smart cities. Thus, we present a generic definition
of smart city, which includes the triple bottom line of sustainability, with the purpose of analyzing
its effects on city performance. Finally, this work provides a consolidate study about urban freight
transport problems, which show that sustainability is only one facet of the diamond of characteristics
that depict a real smart city.

Keywords: operations research; sustainable logistics; sustainability indicators; smart city

1. Introduction

The current transport system poses growing and significant challenges for sustainabil-
ity, while current mobility schemes have focused much more on the private vehicle, which
has conditioned both the ways of life of citizens and cities, such as urban and territorial
sprawl. In fact, transport has a very considerable weight in the framework of sustainable
development, due to environmental pressures, the associated social and economic effects
and interrelationships with other sectors. The continuous growth that this sector has expe-
rienced over the last few years and its foreseeable increase, even considering the change in
trend due to the current situation of generalized crisis, make the challenge of sustainable
transport a strategic priority on local, national, and global scopes. Transport logistics has
an important role in the economic growth of a city. Hence, transport activities involve
many stakeholders and, in turn, different targets, which may be opposed. According
to Eurostat [1], the transport sector employs around 10 million people and accounts for
about 5% of the GDP in the EU. The efficiency of most companies heavily depends on this
industry since transport and storage account for 10–15% of the cost of a finished product for
European companies. The total EU-27 road transport accounted for just over three-quarters
of the total inland freight transport in 2018 based on tonne–kilometers performed [2].

From a social perspective, it can be highlighted that over 26,000 people lost their
lives in road accidents within the EU-27 in 2019, and 22,000 in 2020 [3]. There has been a
steady decrease in the number of persons killed on European roads over the last decade.
Regarding the environmental concerns, Eurostat [2] states that transport and storage
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activities accounted for almost 15% of the greenhouse gas emissions and 24% of the
emissions of ozone precursors, considering all the economic activities in 2017.

Consequently, the sustainability concept into logistics systems is considered a solution
approach for solving urban transport problems and reaching a suitable balance between
economic, social and environmental aspects. Sustainability integrates the three dimensions
(economic, social and environmental), which mutually influence each other. This approach
has gained much attention in today’s transport management to identify the key factors
to covering the stakeholders’ interests and synergy between sustainability dimensions [4].
Furthermore, there are other multiple external factors, such as the weather, traffic accidents,
traffic signs, and rush hours, which have a strong influence on the routes’ performance [5].
These factors are closely related to random events, which raise the risk of route failures,
increasing the costs and negative impacts [6]. Consequently, recent sustainable strategies
rely on including new technology and structured tools to manage a massive amount of
data for supporting decision making on the fly.

Generally speaking, environmental and social concerns have been increasing along
with industrial needs. Companies are required to become more sustainable, i.e., achieving a
suitable balance between economic, environmental and social dimensions in their processes.
Thus, the concept of efficiency has to be expanded to include multiple criteria in the
decision-making process. Green initiatives have led to the emergence of smart cities,
which combine economic growth, improvements in living standards, and reduction in
the negative impacts caused by commercial activities. All logistic systems in smart cities
aim to implement optimization techniques, technological advances, and information and
communication systems to make freight transport a flexible system, adept at meeting social
and industrial needs [7].

In this respect, Ahvenniemi et al. [8] present a discussion about the concept of a
sustainable city and smart city. Therein, the concept of the smart city is strongly related to
technology but not on sustainability issues. In contrast, a sustainable city holds a much
stronger focus on the triple bottom line (economic, environmental and social dimensions),
aiming at balancing the trade-offs among dimensions. In this context, we address the
concept of the smart city as a headway of a sustainable city. Therefore, a smart city is all
about providing products and services in a smart way. It is also about connectivity, where
technology allows to connect stakeholders through real-time system information. As a
result, a constant flow of information, money, and goods provides accurate information to
make smart decisions.

Accordingly, we argue that a smart city is a sustainable city that is supported by
technology [9]. In this context, here, we present an analysis of the sustainability relevance
in the transportation sector. The main contributions of this paper are as follows: (i) a com-
prehensive differentiation of concept of smart city and sustainable city; (ii) the definition
and characterization of the three sustainability lines into the freight transport; and (iii) an
overview of the effect of sustainability on the freight transport system, where operations
research and management science techniques play an important role in formalizing, mod-
eling, and solving such complex problems, allowing their integration with information
and communication technologies. That is, this paper formalizes the relationship between
the concept of smart cities and sustainable cities. To the best of our knowledge, no article
makes a formal link between these two concepts. A smart city is a city in which technology
is applied to enhance urban operations, infrastructure, strategies, and policies. Thus, this
article emphasizes technology and sustainability dimensions as key elements to achieve
the transition to smart cities.

The rest of the paper is organized as follow: Section 2 presents the smart city concept.
Following a thorough analysis of recent works, Section 3 elaborates a consolidation of
sustainability dimensions. Section 4 describes some challenges that smart cities raise. They
are aimed at operations research in freight transport activities. Then, Section 5 presents
a perspective about how the sustainability concept and technology define a smart city.
Finally, Section 6 draws the main conclusions and identifies potential lines of future work.
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2. Smart City

Taniguchi et al. [10] introduce the concept of city logistics as “the process for totally
optimizing the logistics and transport activities by private companies in urban areas
while considering the traffic environment, the traffic congestion and energy consumption
within the framework of a market economy”. Then, city logistics lies in profitable logistics
systems where the efforts aim at minimizing transport cost. Later, the need for efficient
and environmentally acceptable urban transportation system is conjoined by the idea of a
green city. Thus, environmental issues are critical concerns all over the world. As a result,
the logistics system aims at environmentally responsible and friendly operations. Due to
global warming and the overuse of natural resources caused by transport activities, the
natural environment has become an important variable in the decision-making process [11].
Therefore, the interest in developing green logistics from companies, government, and the
public is increasing in order to change the environmental performance of suppliers and
customers [12]. Figure 1 summarizes the initiatives trajectory to reach environmentally
responsible and friendly operations in urban places.

Figure 1. The background of the smart city concept.

Similarly, social and industrial needs are not only concerned with the economic impact
of decisions, but also with the effects on society, such as the effects of pollution on the
environment. Consequently, the sustainable city concept has gained importance, due
to the increasing pressure for the balance among economic, social and environmental
dimensions in the logistics system. The sustainability initiatives are introduced as a way to
conciliate the economic development and natural resource consumption in city logistics.
Thus, sustainability indicators arise from the philosophy to determine a development
that meets the current industrial and social needs and preserves resources for future
generations [13]. There is also a growing public concern about living conditions and
environmental preservation, especially in the context of modern cities.

On the one hand, the sustainability concept in city logistics promotes determining
educational programs about sustainable actions, which lead freight transport to a greener
system. On the other hand, the transition from a sustainable city to smart city refers to
sustainability oriented processes and technology integration. This initiative leads to the
emergence and integration of new technology, which aims at an optimal synchronization of
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transport operations [14–16]. In this sense, an optimal synchronization links the operations
research for supporting transportation decisions. Thus, the decision-making process meets
multidimensional needs and fits rapid market changes by on-the-fly decisions. Therefore,
information, communication and technology are key factors to turn a city into a smart place.
Thus, a smart city is a place that is well connected, sustainable, and resilient against urban
dynamics. Currently, there is extensive discussion around the smart city concept [17,18].
The smart city definition may derive from a combination of the definitions above: a smart
city is a metropolitan place that is embedded with harmonic systems that provide a balance
between economic development, environmental preservation and promote a high quality
of life [19]. In this context, there is a consensus around the multidimensional factors or
triple bottom line related to sustainability dimensions [20]. Therefore, the concept of smart
cities arises to face the constant changes in economy, environment, and society, in addition
to the environmental preservation concerns and city development.

Consequently, the sustainability concept has been gaining increasing attention. Follow-
ing an extensive literature review, Faulin et al. [12], Vega-Mejía et al. [20],
and McKinnon et al. [13] evidence that the sustainability concept is usually limited to
the environmental dimension but it also involves economic and social issues. In this sense,
there are criteria for sustainability that could be against each other. As a consequence, the
smart city concept appears as an engaging approach to achieve an agreement on how to
trade off the different sustainability dimensions. Thus, a sustainable development followed
by the technology integration might turn a metropolitan place into a smart city. Then,
to reach an optimal balance between economic, social and environmental benefits, it is
necessary to integrate sustainability criteria to make “smart” decisions. Thus, sustainability
in the smart city concept appears as a solution to support the decision making involved
in transport logistic. Many actors interoperate for freight mobility in cities. An efficient
communication system allows stakeholders to share information with each other for the
decision-making process. As a result, new information and communication technology
have been integrated to support city operations sustainably [21]. Similarly, new technology,
such as electric vehicles, have become integrated as innovative ways to handle freight
transport, aiming at minimal negative impact on the environment, quality of life, and
economic growth. In this sense, the definition of a sustainable city evolves to the concept
of the smart city through the integration of new technology [22]. Additionally, there are
few tools to support the measurement of economic, social and environmental impacts
caused by freight transport. These impacts could be subjective because of the heterogeneity
of the stakeholders involved. As a result, some objectives cannot be filled for all stake-
holders, even after considering the three sustainability dimensions [19]. Thus, after the
objectives and stakeholders interests are identified, the next step is building a consensus
that influences the city performance in terms of sustainability [23].

Interrelationships between smart city and transportation are noticeable. In fact, some
authors consider that the smart city favors smart transport, while others consider that
without intelligent transportation, there would not be any smart city. For example, for
Zawieska and Pieriegud [24], the smart city context is a catalyst for the development of
sustainable transport policies. According to the authors, the implementation of the smart
city concept significantly contributes to the further reduction in transportation-related
emissions. On the other hand, as stated by Škultéty et al. [25], smart transportation systems
are a requirement for a smart city. The truth is that both concepts are intrinsically related,
and the transportation field is a key factor in the degree implementation of any smart city.

3. Sustainability Indicators

From the freight transport perspective, the main challenges of a smart city are pre-
serving economic growth and quality of life in implementing sustainable strategies. Thus,
multidimensional indicators have been integrated as benchmarks to determine the in-
dicators of well-performing of cities. These indicators involve the economic, social and
environmental dimensions, which are also nested with stakeholders objectives [23]. Accord-
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ingly, the focus of this paper is not an extensive compilation of a large number of papers
and studies about sustainable urban freight transport. Here, we encompass and summarize
contributions about sustainability dimensions, addressing smart logistics systems. In the
transport sector, one of the main stakeholders is the government, who plans, controls, and
imposes regulations for transport activities. Furthermore, there are many initiatives that
are aimed at enhancing life quality. For example, the World Health Organization program
“Living well, within the limits of our planet” aimed at decreasing noise and pollution by
the city design and integration of new regulations [26]. As a way of responding to the
aforementioned initiatives, a number of relevant initiatives have been released by private
and public organizations, e.g., (i) Lean and Green Europe (www.lean-green.eu (accessed on
September 23 2021)); (ii) US/Canada Smartway Transport Partnership (www.nrcan.gc.ca
(accessed on September 23 2021)); or (iii) UNCTAD Sustainable Freight Transport and Fi-
nance (https://unctad.org/ (accessed on September 23 2021)). In summary, the traditional
paradigm of freight distribution in urban zones is changing with the introduction of the
sustainability concept and the integration of new technology. Thus, these sustainability
initiatives are linked to monetary factors, such as taxes and subsidies. In this manner, the
monetary indicators that encourage companies to adopt a sustainable behavior [27] are
a good example of that policy. Generally speaking, monetary incentives and indicators
quickly yield a direct effect on the behavior of any system. Additionally, negative im-
pacts caused by transport activity are refereed as external costs. These costs have recently
received more attention in decision-making processes [28]. Likewise, there are different
classification costs in the literature to capture the negative impacts and understand the
stakeholders objectives [13,28]. From the perspective of the sustainability dimension and
external costs, different operational indicators could be developed. Thus, these indicators
extend the decision criteria for fulfilling the stakeholders objectives. Table 1 visualizes the
core of indicators related to the sustainability dimensions and stakeholders objectives.

The mentioned indicators summarize the objectives or challenges of cities in becoming
a smart city. These attributes cover the objectives for metropolitan places to become
smart cities. In fact, these indicators adhere attributes to the logistic systems. In Table 1,
it is evident that the three dimensions are interlaced with each other [29]. The cities’
development is pushed by natural resource protection and management, enhancing the
environmental and economic indicators that have an effect over the social dimension.
Consequently, transport problems are enriched by additional characteristics or constraints
that aim to take into account the attributes’ sustainability. The new approach of urban
freight transport problems is supported by the literature, including a large variety of
models to measure the negative impacts. This section provides a summary of the methods
aimed at assessing the cities’ performance from a sustainability perspective. This summary
leads to the identification of main factors in each dimension for designing effective decision
criteria.

www.lean-green.eu
www.nrcan.gc.ca
https://unctad.org/
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Table 1. Core of sustainability criteria. Based on Kiba-Janiak [23].

Initiatives from Stakeholders

Sustainability Objectives Government Companies CustomersDimensions

Economic

Congestion reduction Introduction of time windows Reduction in travel time Road traffic and accessibility
to locations

Profitability objective

Introduction of subsidies for less pol-
luting transportation Shipping and delivery times Service levels

Foster consolidation strategies Logistic cost reduction Lower product price
Vertical and horizontal cooperation Unloading and loading zones

Social Health objectives Public health costs Workload balance regulations Human health

Safety objectives Heavy vehicles within the city Insurance companies costs Road safety (accident, death,
and injuries)

Environmental

Nuisance reducction
Social welfareFuel consumption reduction Legislation about allowed boundaries Introduction of new technologies (alter-

native fueled vehicles)
Emission reduction

Infrastructure protection Road protection Multimodal transport and energy effi-
ciency in buildings Infrastructure use
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3.1. Economic Dimension

The economic impact covers the synergies between social and environmental effects.
In brief, it concerns the management of natural resource use, promotion of innovation, the
costs because of negative externalities (e.g., public health costs), the city monetary situation,
and regulation effects on the transport system. As a result, governments have designed
instruments and monetary indicators to estimate the cost of impacts [30]. Ranaiefar and
Amelia [28] present an estimations about the externalities and costs involved. Thus, an
estimation of the transport cost can be made, involving the externalities’ impact. Table 2
displays a summary of the externalities’ cost.

Table 2. Externalities’ costs based on Ranaiefar and Amelia [28].

Externality USD/km USD/ton-km

Congestion [2.28–14.82] 0.3375
Accidents 0.096 [0.68–1.25]

Air pollution [2.38–19.98] [0.0625–11.6875]
Climate change [2.60–3.74] [0.0125–3.68]
Noise pollution [0.00–89.21] [0.00–3.31]
Water pollution - [0.0019–0.031]
Energy security - [0.14–0.52]
Infrastructure [4.13–5.90] -

Hence, the new technology integration demands large investment on the infrastructure.
For instance, the integration of electric vehicles implies infrastructure changes, such as
charging stations and places for battery storage. The use of electric vehicles in transport
activities is related to several urban changes in terms of infrastructure and distribution
strategies. On the one hand, some of these challenges relate to infrastructure and fleet
configurations [31]. On the other hand, electric vehicles have started to replace conventional
vehicles in city logistics, redefining transport operations [32].

3.2. Social Dimension

The performance in social terms is a combination of the environmental and economic
impacts. Consequently, the social impacts are more subjective, which make their analysis
more complex and intricate. Hence, in some scenarios, often no clear distinction can be
made between economic, social and environmental impacts. On the one hand, environmen-
tal impacts are focused on resources management and receptors, such as nature. On the
other hand, economic impacts are related to capital issues, such as job creation, business
activity, or earnings, while social impacts are more concentrated on human beings. Thus,
social impacts are an effect and consequence of the economic and environmental impacts,
although not in an immediate way. For instance, the health condition, safety condition and
city livability are attributes from the air pollution, noise, and climate change, among other
factors, which involve social and environmental issues [29]. Meanwhile the economic and
environmental aspects can be described by quantitative measures, and the social dimension
involves intangible factors [33]. As a result, the social impact is a measure that is hard to
estimate because of the stakeholders’ perceptions [13]. Furthermore, this indicator may be
measured by the customer or employee viewpoint [34].

Thus, social impacts of transport are caused by a multiplicity of factors, which might
also reinforce each other. In order to mitigate this snowball effect, in this section, road safety
is studied as a social indicator. Road safety constitutes one of the most critical indicators
and is related to the infrastructure condition, driver fatigue (workloads) distractions, and
high speed. According to Wang et al. [35], speed variations are directly related to the
accident risk of both pedestrians and vehicles.

In addition, having multiple traffic signs may encourage drivers to carry out dan-
gerous maneuvers, which affect the road safety [36]. Recently, a set of social rules were
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established through regulations in Europe concerning driving and working hours and rest
times in order to tackle driver fatigue and improve working conditions [37,38]. Similarly,
the workload and accident road index might be mutually dependent indicators. Thus,
governments have imposed regulations concerning the introduction of time windows for
freight transport, driving and working hours of drivers. These rules concern stricter limits
on the number of driving hours, working hours and breaks taken by a driver. Therefore,
these regulations and the service times have to be taken into account when designing sched-
ule and distribution routes. In this respect, Matl et al. [39] review equity functions (mainly
referring to allocating workloads and balancing the utilization of resources) for bi-objective
Vehicle Routing Problem models, whereas Bashiri et al. [40] present two mixed integer
programming models to tackle the economic and social aspects related to the workload
balance and their influence on accident risk.

3.3. Environmental Dimension

Concerning transport environmental dimension , we can say that travel time, travel
distance, and vehicle weight play a crucial role in the fuel/energy consumption and carbon
emissions generated by delivery vehicles. Thereby, Ubeda et al. [41] aimed at reducing
transport costs and emissions by considering the distance and some variations in the
vehicle maximum capacity. It is concluded that enhancing load factors, which may be
achieved by using heterogeneous fleets, is an efficient way to obtain significant savings
and environmental benefits.

Similarly, Demir et al. [42] present a comparison among four models that evaluate
the fuel consumption and emissions levels. These models are based on the method of
Bowyer et al. [43], which measures fuel consumption per second (mL/s). The first model
measures the energy spent when the vehicle is moving, accelerating and slowing down, the
aerodynamic drag, and the rolling resistance. Similarly, weight, speed, and road gradient
are taken into account along with the required energy to achieve the corresponding mobility.
This model has an error of 5% considering a few variations in the road gradient. Despite
such a small gap, Demir et al. [42] affirm that their model is not capable of measuring the
aforementioned functions and values in some stops. The second studied model conserves
the same parameters but splits the objective function into four parts. The first and the
second parts define the fuel consumption according to acceleration and the speed from
initial until the final point of each route. Additionally, that model considers the changes in
kinetic energy per traveled kilometer in the acceleration and deceleration moments. The
third part of that second model defines the fuel consumption when the vehicle is moving,
or stopping (idle time). Similarly, this model considers the average travel speed, an average
travel distance, and kinetic energy changes. The fourth part integrates the consumed fuel
in acceleration and deceleration. According to Demir et al. [42], this model presents only
an error of 1%, although it is a complex method to implement, due to the specific structure
of its four equations.

The third model is another variant proposed by Bowyer et al. [43], and considers
only two potential statuses in one equation: when vehicles are traveling and idling. This
model takes into account the average speed, the average traveled distance, the kinetic
energy, and the idle time, in order to reflect different traffic situations. The fourth and
last model is composed of three parts. The first part is based on the engine force, which
represents the power of traction. In this part, the model takes into account the requirements
of the motor, such as weight, air density, rolling resistance, aerodynamic drag, and then
calculates the demanded engine energy. The second part of the equation considers the
vehicle speed driven in top gear. Finally, in the last part of this fourth model, it calculates
the fuel consumption, considering the demanded energy by the engine force. Likewise, it
also calculates the engine speed and other parameters related to the efficiency and engine
friction.

Moreover, Kuo [44] consider the fuel consumption for a vehicle routing problem
with time dependent in order to take into account the travel speed and the travel time.
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For calculating the fuel consumption, the route is split in sections. Equation (1) allows
calculating the fuel consumption from i to j (Fij) in which dij is the distance from i to j.
GPHk

i,j represents the gallons per hour by the vehicle k, and vk
ij represents the travel speed.

Fij := GPHk
i,j ·

dij

vk
ij

(1)

Zhang et al. [45], based on Kuo [44], solve a classical model for the vehicle routing
problem, taking into account carbon emissions. In this case, fuel consumption costs are
defined by the load capacity. Usually, the fuel consumption cost is estimated from the
oil cost and the released emissions are measured from a pollution benchmark, which
allows calculating its marginal cost. Equation (2) shows the functions considered by
Zhang et al. [45], where Fij represents the fuel consumption from i to j, in which dij is the
distance from i to j. Finally, LPHk

ij represents the fuel consumption per unit time, p is a
factor that penalizes the additional load (M,) and Lij is the weight of the transferred goods.

FCij := LPHk
ij ·

dij

vk
ij
·
{

1 + p ·
Lij

M

}
(2)

Furthermore, some tools have been developed to measure the pollution level in urban
zones, and they are becoming very popular. For example, the MEET model assesses the
released emissions by heavy trucks, which takes into account speed, weight, gradient
road, and distance. Similarly, we can mention the COPERT model, which is the EU
standard vehicle emissions calculator. It uses vehicle population, mileage, speed, and
ambient temperature, among others entries, to calculate pollutant emissions and energy
consumption for a specific country or region. Another interesting model to cite is the
signalized intersection design and research aid (SIDRA) system, which is similar to the
COPERT model, but SIDRA considers some constraints related to driver factors [42,46].

Additionally, the sustainability concept promotes the use of vehicles running on alter-
native fuel technologies; in particular, electric vehicles (EVs) represent a promising option
to mitigate the negative impacts caused by transport activities in city logistics. The specific
benefits depend on the sources employed to generate energy [47]. The main technical
disadvantages of electric vehicles are the short driving range, reduced payload, and long
time for charging. Thus, Holland et al. [48] show that the energy production usually has
a lower environmental impact than gasoline production, and Figliozzi et al. [49] compare
the life-cycle CO2e emissions of an electric tricycle versus a diesel cargo van to make urban
freight distribution. This study finds some urban scenarios in which CO2e emissions mini-
mization is reached using electric tricycles, and other scenarios in which the best option
from the environmental point of view is using diesel cargo vans. There are some cases
where the electric vehicles do not achieve good results when the whole life-cycle period
is considered. Moreover, electric vehicles demand high levels of energy production, and
for that reason, recent studies integrate this estimation to assess the performance of using
electric vehicles instead of traditional ones [50]. A survey on the use of electric vehicles
in logistics and transportation, discussing opportunities and challenges, is proposed by
Juan et al. [51]. Finally, Wang et al. [52] study the influence of environmental criteria on the
total cost and demonstrate that additional criteria imply additional costs and require an
accurate operations synchronization in the supply chain.

In conclusion, a balance between sustainability dimensions tends to be hard because
of the interrelationships between socioeconomic actions and environmental aspects. Like-
wise, the sustainability perspective is a way to obtain synergies between the stakeholders
interests aimed at sustainable development. Thus, the three dimensions of the sustainable
transportation problem are interdependent and mutually influence each other. Therefore,
the challenge relies on minimizing the trade-offs between all the dimensions.
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4. Urban Freight Transport

This section provides a review of sustainability problems found in urban freight
transport. The urban freight distribution is the link in the supply chain that operates within
the city, with the aim of supplying both business establishments and the final customer.
This operation is gaining presence and relevance because of the evolution of consumer
habits and advances in technology, which has caused electronic commerce to register a
huge growth in recent years. However, this phenomenon has created or increased issues
in the areas of transport operation profitability, driving restrictions (time and/or space),
environmental impact, and congestion, among the involved stakeholders with conflicting
objectives that are important to cope with. Firstly, urban freight transportation companies
seek to maximize their profits by reducing delivery times, increasing the availability of
load and unload zones, and improving their customer service quality. Secondly, the public
sector, and particularly the local entities, aims at increasing the attractiveness of the city by
promoting employment and reducing congestion and the environmental impact. Thirdly,
residents look for a more enjoyable city, which requires increased pedestrian safety, better
public transportation, and low levels of noise and air pollution. Finally, the goods receivers
want their products on time at the lowest cost, which implies high delivery time, flexibility
and delivery reliability.

The increasing social concern for the environment and sustainable growth, in general
terms, requires the transformation of cities. In this context, urban freight transport prob-
lems are analyzed, cross-referencing impacts on sustainability. Here, the main sustainable
traits are highlighted, including them in the optimization models. For example, the classical
vehicle routing problem (VRP) may be enriched to include characteristics that allow the re-
duction in environmental and social impacts in urban zones concerning transport activities.
Generally speaking, VRP consists of a set of delivery vehicles with limited capacity, which
are available to serve customers with known demands. Typically, the aim is to minimize
the total travel distance and/or time. Some additional decision criteria and constraints
may be introduced, which leads to new variants, called rich VRP [53]. These variants in-
clude attributes and constraints, which describe realistic settings. This section summarizes
the approach of urban freight transport models, particularly, sustainable routing-related
problems.

4.1. The Trade-Off Costs between Sustainability Dimensions

The sustainable objectives aiming at triple bottom notion strategies for balancing the
sustainability dimensions. As mentioned before, the integration of the three dimensions
could be the basis to promote synergies between stakeholders involved in freight transport.
Therefore, the decision-making process should conduct a thorough analysis of the logistic
system to identify the key factors allowing the corresponding cooperative effects. The
synergy concern on reaching an optimal or suitable balance between each other implies
understanding the interests and perspective of stakeholders. According to the literature, the
government, consumers, shopkeepers and transport companies are the main stakeholders
for freight transport. In fact, the interests synergy could lead transport systems to a
sustainability-oriented balance. Thus, building interests consensus from stakeholders is a
relevant part of integrating the sustainability dimensions into the decision criteria [23].

Consequently, sustainability pillars are starting to be considered decision criteria in
distribution processes [54]. While economic impacts can be measured through increases
in operational costs, both social and environmental assessments tend to be subjective.
As aforementioned, the externalities are perceived as economic indicators in order to
quantify the performance and impacts of transport activities. The economic perspective
allows to take the negative impacts into account in the decision-making process [28].
Economic, environmental, and social impacts are strongly interrelated [13]. Therefore, the
prevention and mitigation costs for negative impacts need to be considered in financial
reports. Prevention costs are due to the economic regulations associated with natural
resources consumption or pollutant emissions. These costs are typically imposed by
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governments to avoid, or minimize, social and environmental consequences of transport
operations. Regarding mitigation costs, they are related to penalties associated with
the generation of more emissions than are allowed [30]. In addition, companies design
preventive and mitigating actions, implementing sustainable strategies, such as the use of
alternative fuel vehicles. [55].

Given the importance of these facts, the sustainable development strategy of the
European Union defines sustainable transport as one of its seven key challenges. In this
context, the increasing social concern is compelling companies to change purely commercial
objectives in order to consider sustainability. This new vision seeks to compensate the
negative impacts of transport activities without neglecting economic profits [56]. Despite
the fact that the literature on transport is extensive, there is a lack of work on urban
transport, taking into account social and environmental issues simultaneously [57].

4.2. Freight Transport Problems

Urban freight transport usually works with typical mobility patterns, such as off-
peak hours and peak hours, scheduling time for loading and unloading merchandise,
time windows for freight transport, and accessibility to park stations, among others. Due
to urban patterns, local authorities and shopkeepers determine similar time schedules
for commercial activities, such as the pick-ups and deliveries of goods and services. As
a consequence, freight and passenger transport is concentrated in specific peak hours,
generating, therefore, a direct mutual influence between them. Indeed, traffic congestion,
road accidents, and operational delays reveal the effect of both transport protocols (freight
and people) in urban zones [58]. As a result, modeling the logistics system is needed to
obtain operations synchronization, considering urban patterns. Furthermore, modeling
techniques allow measuring the influence of operational, tactical and strategical decisions
on the urban freight transportation performance. For instance, urban zones accessibility
is a parameter to consider when the distribution routes are being designed. Thus, a low
accessibility rate pushes carriers to increase the number of vehicle to cover the deliveries
zone [59].

Generally speaking, an urban distribution network integrates factories, distribution
centers, retailers and final customers. Indeed, urban freight transport is a continuous flow
from the city outskirt to the city center. Consequently, urban logistic activities involve
pedestrians, passengers, and freight transport performance at the urban zone, which,
all together, disturb the traffic flow [60]. In addition, new market trends, such as e-
commerce, include the residential area in the distribution network. Even so, it increases
randomness and dynamism behavior in the supply chain [61]. This effect severely affects
traffic congestion, road accident rates, high levels of fuel consumption, long operation
times, and air pollution [35]. Therefore, advanced optimization techniques for supporting
logistic decisions are needed to manage sustainably urban patterns, markets dynamics,
and stakeholders interests.

Freight transport problems are studied as vehicle routing problems, which include
some variants with different hypotheses. At this manner, the integration of sustainability
criteria addressing the VRP classical problem to be a rich vehicle routing problem [53]
seems to be a very natural process. Thus, an optimal number of vehicles required for
orders delivery is the first step to decrease fuel consumption and pollutants emissions.
Being an extension of the classical VRP, this rich problem is also NP-hard. Recently, the
relevance of this research line has increased for combinatorial optimization problems, due
to the popularity of the sustainability problem in the scientific literature. The complexity of
this problem concerns the classical constraints of a VRP and some additional ones related
to managing multiple attributes, such as the balance between sustainability dimensions
and the use of new technology [62]. Thus, many logistics and transportation problems in
smart cities can be modeled as rich VRP variants. Due to the difficulty and the relevance
of managing multiple attributes and constraints, the rich VRP has started to be widely
studied [13]. On the one hand, the green VRP (Green-VRP) is a rich VRP, which considers
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routing problems, using alternative fuel vehicles [63]. On the other hand, an initial Green-
VRP variant is the called pollution routing problem or PRP [64]. In the PRP, the main
objective is to minimize energy consumption, which includes time windows as a realistic
constraint. Figure 2 provides a scheme that summarizes different attributes and constraints
frequently associated with the Green-VRP [65].

Figure 2. Sustainable approach for urban freight models.

4.3. Models Considering Socioeconomic Factors

There are good examples in the literature considering socioeconomic factors. We have
chosen a selection of them to show the intensity of involvement of transport problems
in solving socioeconomic problems. Firstly, Grosso et al. [66] present the VRP with time
windows for planning delivery routes in a city, subject to some accessibility constraints.
The main objective of that problem is to minimize the transport cost considering a penalty
to be allowed to deliver in the restricted zone outside the time window. There, a sequential
procedure is proposed: (i) classical Clarke and Wright heuristics is used to define the
initial solution, (ii) considering the initial solution, a genetic algorithm is implemented
to diversify and determine a better solution, (iii) a tabu search algorithm intensifies the
solution search by several local searches. Secondly, Denant-Boèmont et al. [67] focus on
the noise impact caused by road freight transportation in rural zones. They implement a
contingent valuation method to find the willingness to pay related to noise nuisances caused
by freight transport. Thirdly, Afshar-Bakeshloo et al. [68] introduce the satisfactory-green
vehicle routing problem. They propose multi-objective mixed integer linear programming,
where the transport cost is minimized and customer satisfaction is maximized. This model
tackles the trade-offs between customers satisfaction, total costs and emission levels.

Finally, de Armas et al. [69] solve a VRP with multiple time windows and constraints
related to the traveled distance and time/distance balance. Thus, variable neighborhood
search metaheuristics is implemented, obtaining high quality solutions. Likewise, Oyola
and Løkketangen [70] propose a mathematical model with equity constraints. There, the
main objective is to minimize the difference of tour lengths and load among some candidate
routes. A GRASP algorithm and Pareto frontier is implemented to reach some suitable
trade-offs between objectives.

4.4. Models Considering Environmental Factors

A survey on the use of electric vehicles in logistics and transportation, discussing
opportunities and challenges, is proposed by Juan et al. [51]. The electric vehicle rout-
ing problem is related to the limited capacity of batteries, which might require multiple
recharging stops. Hence, Erdoğan and Miller-Hooks [63] introduce the Green-VRP, allow-
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ing intermediate stops by implementing procedures based on the well-known Clarke and
Wright’s savings heuristics [71] and the density-based clustering algorithm described in
the paper itself. Additionally, Demir et al. [72] solve a pollution routing problem (PRP)
with time windows, where customers sequences are firstly defined and, afterwards, the
travel speeds are optimized by means of adaptive large neighborhood search (ALNS)
metaheuristics. Furthermore, Juan et al. [31] address the Green-VRP with multiple driv-
ing ranges with the purpose of obtaining greener routes. The goal of this work is to
define alternative fleet configurations based on electric vehicles and hybrid-electric vehi-
cles. Thus, the authors describe an integer programming formulation and a multi-round
heuristic algorithm that iteratively constructs a solution. Similarly, Schneider et al. [73]
propose an ALNS metaheuristic with some local searches with the aim of minimizing
the total distribution cost, which include the cost of using a fleet of vehicles plus the cur-
rent routing cost. Additionally, these authors consider intermediate stops in recharging
stations. Furthermore, the ALNS metaheuristics is hybridized with the adaptive vari-
able neighborhood search framework by Schneider et al. [74], who deal with a routing
problem with electric vehicles–related constraints and also consider intermediate stops.
Other good examples of routing models with environmental factors are explained in the
following lines: (i) Koç and Karaoglan [75] design a simulated annealing metaheuristics,
based on an exact method, to solve the Green-VRP for the small-scale instances proposed
by Erdoğan and Miller-Hooks [63], (ii) Hiermann et al. [76] study the VRP with electric
vehicles, time windows, and recharging stations, and (iii) Hof et al. [32] consider electric
vehicles to solve a location-routing problem, where the objective is to determine whether
the battery swap stations should be defined from candidate locations or closer to the set of
customers.

Apart from the previous single-objective analysis of the Green-VRP, we can focus our
attention on a multicriteria analysis to have a richer approach to this kind of problems.
Thus, the Green-VRP with multiple objectives, including both monetary and environmental
costs are discussed by Sawik et al. [77]. For instance, Yu et al. [78] solve a multi-objective
ride-sharing problem, similar to the dial-a-ride problem. In this paper, the carbon emissions
are minimized, while the ride profit is maximized. Correspondingly, they affirm that the
distribution plan changes according to the preferences and objectives of the decision
makers.

Equally, stochastic combinatorial optimization has received increasing interest over
the last few decades [4,79]. Reaching popularity, its applications in different transportation
scenarios, mainly those in cooperation, are present by back-hauling routes [80]. Accord-
ingly, the freight delivery scenarios pinpoint the most frequent random variables to be
defined: customers demands, service and travel times, and frequency of order placing [81].
All the previous articles highlight the importance of dealing with uncertainty, and study
realistic characteristics, such as urban transport dynamics. In most existing works, travel
times are assumed to be constant, but this is not a realistic assumption. Hence, Ritzinger
et al. [4] propose to deal with uncertain travel times by modeling them as stochastic and
time-dependent variables. Gendreau et al. [5] provide a literature review on these top-
ics. Travel times may vary by exogenous variables, such as traffic congestion, weather
conditions, moving targets, or mobile obstacles. They might also be influenced by en-
dogenous variables, e.g., by varying the vehicles’ speeds or by choosing highways over
standard roads.

Finally, Eshtehadi et al. [82] address a VRP with stochastic demands and travel times.
These authors develop a solving approach based on an exact method that is able to solve
instances with up to 20 nodes considering multiple scenarios. The authors tackle the
stochasticity, describing two scenarios that represent the best and the worst conditions
for demand and travel times. Additionally, the use of simulation in freight distribution
arenas has been very common in the last 20 years, making the mixture of the simulation
and optimization tools the best approach to tackle mobility problems [83]. To conclude this
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literature review, Table 3 summarizes some illustrative works that shed a light on the most
studied attributes and constraints for urban freight transport modeling.

5. Discussion

According to the contents of the previous sections, the concept of sustainability en-
compasses three fundamental dimensions: environmental, society, and economy. These
dimensions reflect the pillars of notable and persisting progress of a city. Therefore, a
sustainable growth of cities is conceived as an improvement that is socially and ethically
responsible. As mentioned before, the three dimensions are mutually related. Then, the
influence of each other of any sustainable initiative might be a negative and positive one.
However, a positive influence might represent a negative one on any other sustainabil-
ity dimension. Therefore, the challenge relies on striving for positive influences that are
addressed to obtain suitable trade-offs in sustainable goals.

In practical terms, practitioners can include the concept of sustainability within opera-
tions as (i) benchmark values or (ii) indicators. On the one hand, benchmark values can be
absolute, based on technical or political boundaries, reference values, or measures based on
local averages, sector comparisons, or trends. On the other hand, the indicators evaluate
the operation outputs. In practice, the choice of sustainability indicators is subjective and
depends on the economic sector and business purpose. The inclusion of the sustainability
concept in operations is a starting point for discussing sustainability to enhance learning
and awareness of sustainability [84].

From the academic perspective, the sustainability of a system is (i) assessed, using
the selected indicators, (ii) goal-oriented to reference values defined by managers, and (iii)
constrained to boundaries defined by managers. These are modeling approaches to include
the concept of sustainability in the systems under study. The selection of approaches
depends on the method and objective of the study; decisions are made on the method
and available data. The interchange between researchers, users, and practitioners can
improve the understanding of the trade-offs and synergies between sustainability concept
and practical issues. Likewise, this interchange gives insights into the complexity and
constraints in improving system sustainability through the design of management policies
and strategies [85].

Generally speaking, several approaches promote policy-defining and strategies to
mitigate the negative impacts on the economy, society and the environment. However,
social impacts present a subjective effect because they can be valued from different per-
spectives. Thus, the social dimension might be the factor which reflects the synergy among
sustainability dimensions. For example, the social and the environmental dimensions are
affected by air pollution, noise, climate change and overuse of natural resources, among
others. Similarly, travel times, changes in product prices, operational costs, earnings, and
employment affect the economic dimension, as well as the social one. Consequently, the
negative impacts on the society caused by transport activities, i.e., externalities, are not
easy to estimate [86,87]. Therefore, this dimension is usually neglected because its impacts
overlap the ones from the remaining dimensions. In this context, social impacts depict a
polemic facet because they can, at the same time, reflect an economic or environmental
influence and can be evaluated according to stakeholders perceptions, causing different
opinions and judgments.
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Table 3. Summary of urban freight transport models and sustainability-based approaches.

Reference Indicators/Objectives Attribute Constraints Solution Approach

Economic and Social

Grosso et al. [66] Access Time Windows SO TW AM

Denant-Boèmont et al. [67] Willingness to pay related
externalities NI CVM

Afshar-Bakeshloo et al. [68] Access Time Windows MO TW EM
de Armas et al. [69] Route balance TW, TL, RB AM
Oyola and Løkketangen [70] Route balance MO TL, RB EM

Economic and Environmental

Yu et al. [78] Green VRP MO RS EM
Erdoğan and Miller-Hooks [63] Green VRP IS ML AM
Demir et al. [72] PRP PI TW AM

Juan et al. [31] VRP with hybrid-electric
vehicles AF AM

Schneider et al. [73,74] DR ML AM
Koç and Karaoglan [75] Green VRP DR ML AM
Hiermann et al. [76] DR TW AM

Hof et al. [32] Green VRP and location
problem DR AM

Sawik et al. [77] MO AM
Eshtehadi et al. [82] Green VRP ST, SD AM
Muñoz-Villamizar et al. [47] MO EM

Attribute
SO: Single-0bjective. MO: Multi-objective. NI: Noise impact measure. IS: Intermediate stops
PI: Pollution Indez. AF: Alternative Fleet Configurations. DR: Driving Range
ST:Stochastic Travel Time. SD: Stochastic Demand. CVM: Contingent Valuation Method

Constraint TW: Time Window. TL: Tour Lengths. RB: Route Balance
ML: Maximum Route Length. RS: Ride-sharing

Solution approach EM: Exact Method. AM: Approximated Method
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In this context, the management of freight transport involves stakeholders, which
are integrated because of their collective interests. Thus, the sustainability dimensions
are the background of operational metrics, which assess the operational synergy among
stakeholders. The relationship between transport and the environment from the perspective
of efficiency has become one of the nerve centers of sustainability. This assertion means
that an operational condition of sustainable processes is to achieve absolute, and not only
relative, dissociation between socio-economic processes, environmental pressures, and
unsustainable dynamics. It is about production, consumption, and moving people and
freight better, with fewer resources and less environmental impact, where the core decisions
related to sustainable transportation are located. The dissociation of economic forces
from environmental pressures requires the decarbonization of production, consumption
and transportation systems. That is why the progressive decrease in energy and carbon
intensity in consumption and transport production systems is generally recognized as a
key factor in the economic transition to sustainable pathways. Hence, the optimization
criteria are redefining to consider the sustainability dimensions and handle objectively the
interests stakeholders.

Consequently, a smart city drives the government, society, transport and economic
system to a balance between the sustainability dimensions. Furthermore, the smart city
concept embraces new technologies as a solution for making cities in better places. Thus,
smart cities are a desired outcome of technology integration in a sustainable city. Therefore,
a smart city incorporates sustainability goals in a progressive and genuine manner.

6. Conclusions and Future Research

Optimizing logistics is becoming increasingly important for companies and govern-
ments to boost sustainable growth. Indeed, transport activities have dramatic effects on
the environment and social welfare, which have been ignored for many decades. The
unstoppable technological developments allow us to deal with more complex and realistic
problems. Moreover, technology use enriches the transportation problems, adding new
operational constraints. Thus, sustainability has proved to be an enduring and compelling
concept because it points toward a balanced and clear direction. Similarly, this sustainable
analysis of transportation and mobility should be flexible enough to adapt the distribution
process against a dynamic environment, ensuring a balance among sustainability dimen-
sions. The most recent studies allow understanding that there is not a standard balance for
sustainability dimensions, but a suitable one, according to the decision-maker perspective.
Therefore, the inclusion of the sustainability concept into the logistic system evolves to
mitigate and reduce the negative externalities of transport activities.

Consequently, the freight transport system in a smart city can be addressed by (i)
real-time flow of products, information and money, (ii) information and communication
systems that are supported by a well-connected and sharing network, and (iii) wiser on-
the-fly decisions to handle the dynamism of urban zones and reduce negative impacts.
The concept of wise decisions encompasses the sustainability dimensions. Thus, a smart
city is supported by strategies that manage not only the operational challenges of urban
distribution plans, but also the trade-off between sustainability dimensions. Therefore,
the logistic system in smart cities relies on powerful tools for supporting decision-making
and handling stakeholders’ interests. These decisions concern regulations and incentives,
which drive the transport operations toward sustainable ones.
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