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SUMMARY OF THE THESIS 

 

This thesis investigates the use of modelling and simulation techniques in urban areas of smart cities, 

also exploring how big data can be used to feed these models. These modelling techniques have been 

applied to two different fields that have been gaining prominence during the last years but where 

research is still limited: urban logistics and urban resilience. Through this thesis, the author has 

expanded the research knowledge in these fields by exploring different methods such as meta-heuristics, 

transport modelling, and agent-based simulation in order to define new methodologies to be applied to 

urban areas.  

Regarding logistics, the author has shown through the use of meta-heuristics that when traffic 

congestion is considered as a dynamic attribute to optimize delivery routes in urban areas, time can be 

reduced by 11%, which is crucial for logistics companies in a market that is fiercer every day. This is 

true not only for urban areas, but this research has also demonstrated that optimizing routes with 

dynamic congestion attributes is also beneficial at a strategic level for routes between cities. To consider 

congestion costs in real time, a new approach has been developed in which data from Google is 

downloaded to feed these meta-heuristic models, although other sources of big data could be also used. 

In this thesis, a methodology is also presented that has been used to model logistics routes in urban 

areas considering real-time data and with the flexibility to add different network attributes (gradient, 

traffic bans, CO2, etc.) to simulate different scenarios. This can be useful for logistics companies to 

optimize their deliveries (choosing between van or tricycles, selecting the time of the day to deliver, 

etc.) but also for public authorities to get guidance on different transport and urban policies 

(pedestrianization of some streets, traffic bans, etc.).  

As for city resilience, the thesis focuses on evacuation planning. A new methodology has been created 

in which agent-based simulation is used through interconnected sub-models to model a large-scenario 

evacuation scenario (flooding event as a consequence of a dam collapse). This research defines the data 

needed to create these models that can be of great help to improve city resilience, and also analyzes 

how traffic congestion can affect the evacuation procedures.   

Through the different research articles that compose this thesis, the author brings light to these fields 

by developing new methodologies and using real case-studies that can help urban planners, companies, 

and policy makers to create more efficient, sustainable, and resilient smart cities. 
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RESUMEN DE LA TESIS 

 

Esta tesis doctoral investiga el uso de técnicas de modelización y simulación en áreas urbanas de 

ciudades inteligentes, explorando a su vez cómo el big data puede usarse para alimentar estos modelos. 

Estas técnicas de modelización se han aplicado a dos campos diferentes que han ganado importancia 

durante los últimos años pero donde la investigación es aún limitada: logística urbana y resiliencia 

urbana. A través de esta tesis, el autor ha ampliado el conocimiento en estos campos mediante la 

exploración de diferentes métodos como metaheurísticas, modelización de transporte y simulación 

basada en agentes de cara a definir nuevas metodologías que se pueden aplicar en áreas urbanas. 

En relación al campo de la logística, el autor ha demostrado mediante el uso de metaheurísticas que 

cuando se considera la congestión del tráfico como un atributo dinámico para optimizar las rutas de 

reparto en áreas urbanas, el tiempo de reparto puede reducirse en un 11%, lo cual es crucial para las 

empresas de logística en un mercado que es más feroz cada día. Esto es cierto no solo para áreas urbanas, 

sino que también se ha demostrado que optimizar rutas considerando la congestión del tráfico también 

es beneficioso a nivel estratégico para las rutas entre ciudades. Para considerar los costes de congestión 

en tiempo real, se ha desarrollado un nuevo enfoque en el que se descargan datos de Google para 

alimentar estos modelos metaheurísticos, aunque también se podrían utilizar otras fuentes de big data. 

En esta tesis también se presenta una metodología que se ha implementado para modelar rutas logísticas 

en áreas urbanas considerando datos en tiempo real y con la flexibilidad de agregar diferentes atributos 

de red (gradiente, direcciones prohibidas, CO2, etc.) de cara a simular diferentes escenarios. Esto puede 

ser útil para que las empresas de logística optimicen sus entregas (eligiendo entre furgoneta o triciclo, 

seleccionando la hora del día para entregar, etc.) pero también para servir a las autoridades públicas de 

guía en materia de políticas urbanas y de transporte (peatonalización de algunas calles, prohibiciones 

de tráfico, etc.). 

En cuanto a la resiliencia urbana, la tesis se centra en la planificación de la evacuación. Se ha creado 

una nueva metodología en la que se utiliza la simulación basada en agentes a través de submodelos 

interconectados para modelar un escenario de evacuación a gran escala (evento de inundación como 

consecuencia del colapso de una presa). Esta investigación define los datos necesarios para crear estos 

modelos que pueden ser de gran ayuda para mejorar la resiliencia de las ciudades, y también analiza 

cómo la congestión del tráfico puede afectar los procedimientos de evacuación. 

A través de los diferentes artículos de investigación que componen esta tesis, el autor aporta luz a estas 

cuestiones mediante el desarrollo de nuevas metodologías y el uso de casos de estudio reales con el 

objetivo de ayudar a planificadores urbanos, empresas y responsables políticos a crear ciudades 

inteligentes más eficientes, sostenibles y resilientes. 
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2.1 The importance of transport and logistics 

Transport and logistic (T&L) activities are a key sector for worldwide economies, as they contribute to 

the economic and social progress of modern societies. The transport industry directly employs around 

10 million people in the European Union and accounts for about 5% of gross domestic product (GDP). 

In addition to this, logistics, such as transport and storage, account for 10–15% of the cost of a finished 

product for European companies (European Commission, 2016). During the last decade, big cities are 

boosting initiatives and new projects in order to enhance their efficiency, sustainability and resilience. 

Therefore, T&L activities have an important impact on the development of the so-called smart cities, 

where big amounts of real-time data (Big Data) are collected through electronic devices and sensors, 

transmitted through the Internet cloud, and then analyzed using information and expert systems. 

By 2050, almost 70% of the world’s population is predicted to live in cities that are smart (United 

Nations, 2015), putting increased strain on urban infrastructure and transport systems. This population 

growth is leading to an exponential increase in the level of congestion within our metropolis (JRC, 

2012), which is producing, on the one hand, several negative externalities within our transport systems 

such as pollution, noise or accidents. On the other hand, the increased travel times caused by congestion 

creates transport inefficiencies that also affect urban logistic activities. Adding to that the fact that we 

live in the one-click Era, where online shopping and on-demand deliveries are changing the way we 

understand logistics activities within urban areas, it is easy to understand that the way we deliver goods 

within our urban areas must change too.  

In fact, the raise of e-commerce has been especially noted during the 2020 Covid-19 pandemic. During 

the health crisis, e-commerce in Spain has grown an average of 100% in comparison to the previous 

year (DCN, 2020). To cope with this increase, the logistic chain, especially the last mile, had to 

demonstrate resilience and the ability to invent and scale up to a level that was not imagined before, 

even through the use of robots and autonomous vehicles (see section 2.3.5). However, the conditions in 

the last mile during the pandemic, without traffic and with people always present at home to receive the 

parcels, are very different from those from a normal situation in which city centres are congested and 

where several delivery attempts are needed when people are not at home. With the new normality, 

people who started buying online during the lockdown will keep doing it (Daimiel, 2020), but with 

urban areas going back to normal, the situation for last mile carriers will be more complex. If we 

consider that 40% the logistics companies in Spain have been affected by a temporary lay-off during 

the pandemic, and that between 25 and 50% of the trips were lost (AECOC, 2020), last mile operators 

will need to adapt to this new and complex reality. 

 

In this new reality, it is becoming more frequent that the product demand, the driver availability, the 

mode of transport (truck, bike, tricycle, or electric vehicle, autonomous vehicle or drone in a future 

scenario), and their position in the map is not known in advance. In these cases, where local conditions 

are in constant change, the application of traditional approaches –and therefore, the strategic planning 

process- become unfeasible. 

 

Making use of Big Data collated through on-street sensors, in-vehicle technology and intelligent 

transport systems is crucial to consider dynamic local conditions (such as congestion, accidents or road 

closures) in order to optimize delivery routes in a realistic way. Furthermore, with our city centers 

becoming more sustainable by restricting the access to internal combustion engine vehicles, other 

modes to deliver goods -electric tricycles, autonomous vehicles or drones- need to be studied to 
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understand their strengths and limitations. Traffic simulation tools are also in place to help us with this 

approximation.  

In light of the above, it is important to review the evolution of urban logistics during the last decades to 

understand what the current limitations existing in the field are. Focusing on urban areas, an analysis of 

the cutting-edge technologies related to logistics, smart cities and urban planning be undertaken to study 

the role technology needs to play for the future of urban logistics and urban planning. 

 

2.2 Research on smart cities 

The concept of smart cities has been a much talked-about topic during the last years, and the interest of 

the research community on this topic has drastically grown as seen in Figure 1, with almost 5000 papers 

related to “smart cities” written and indexed in Scopus in 2019. 

 
Figure 1. Research interest on “smart cities” in the last years. Papers shown have “smart city” or “smart cities” 

as a keyword.  
 

However, as already mentioned by Caragliu et al.  (2019) in their paper “Smart Cities in Europe”, the 

concept “smart city” is still quite vague and fuzzy, and the definitions are usually biased towards 

information and communication technology (ICT) topics, where the Internet is the key identifier of a 

smart city. According to these authors, a city is smart when  

“investments in human and social capital and traditional transport and modern ICT 

communication infrastructure fuel sustainable economic growth and a high quality of life, 

with a wise management of natural resources, through participatory governance.”  

Batty et al. (2012) in an article entitled “Smart cities of the future”, also mentioned that smart cities are 

often pictured as  

“constellations of instruments across many scales that are connected through multiple 

networks which provide continuous data regarding the movements of people and materials 

in terms of the flow of decisions about the physical and social form of the city”.  

But the authors also pointed out that cities can only be smart if  
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“there are intelligence functions that are able to integrate and synthesize this data to some 

purpose, ways of improving the efficiency, equity, sustainability and quality of life in 

cities”. 

In summary, cities can only be smart if we are smart at using the existing technology (Batty, Axhausen, 

Giannotti, Pozdnoukhov, & Bazzani, 2012) in order to get advantage of the known information. 

 

In general, the term “transport” or “movement of people” constantly appears in different papers related 

to smart cities. This goes in parallel with international and national institutions who have invested 

efforts to create strategies to achieve smart urban growths and resilient planning within our metropolitan 

areas. Examples of this are the United Smart Cities (USC) program initiated by UNECE which is 

focused, among other things, on urban mobility (United Nations, 2018), or the European Innovation 

Partnership on Smart Cities and Communities (EIP-SCC), which is an EU funding instrument that 

brings together cities, industries and citizens to improve urban live through sustainable integrated 

solutions and for which sustainable urban mobility and resilience is one of the main research topics 

(European Commission, 2018).  

 

However, in the existing literature on smart cities, most of the current research does not directly relate 

to transport, and the studies that focus on urban logistics or urban resilience are almost negligible. For 

example, if we use Scopus to find all the papers from the last with the keyword “smart city” (or “smart 

cities”), we find that most of the keywords of those papers are related to Internet of Things (IoT), and 

Big Data. Figure 2 is a keywords map that has been elaborated using the software VOSviewer.  
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Figure 2. Keywords map created with VOSviewer using bibliographic data from Scopus when looking for the 

keyword “smart city”. 

Figure 2 shows a map where the main keywords for all the papers in which one of the keywords is 

“smart city”, and the strength of the link indicates how relevant the interconnection between the rest of 

the keywords are. This keywords map can give us an idea on how relevant those keywords are for papers 

related to smart cities. For example, the most important keywords are, as mentioned before, “Internet 

of Things” and “Big Data”, following by “advanced analytics”, and “embedded systems”. We can see 

how the thickest links are between “smart city” and “Big Data”, and between “smart city” and “Internet 

of Things”, being the rest of the links much thinner (for example “smart city” and “urban transportation” 

or “traffic congestion”; or “smart city” and “disasters” or “climate change”). This may indicate that, 

although there are some papers focusing on smart cities and transport, traffic, and disasters, the current 

research on smart cities is still focused on the technology behind that (IoT and Big Data). 

 

Looking at Figure 2, four different clusters can be identified. The biggest cluster (in red) is represented 

by all the topics (keywords) related to Big Data, IoT, sensors, artificial intelligence, cloud computing, 

analytics, and data mining. This is the most well-known cluster amongst the general population, as it is 

focused on the technology needed behind our smart cities. The next big cluster (blue) is the one related 

to smart power grids and energy, and it also includes topics such as waste management, and electric 

vehicles. The third cluster (yellow) is transport, and the research in this field is mainly focused on urban 

intelligent transport systems and real-time systems including the study of the traffic congestion within 

smart cities. However, there are no keywords related to logistics or urban freight distribution. Although 

research on logistics within smart cities exists, it is limited as it will be shown in the next chapters. 

Finally, the last cluster (green) deals with urbanism from a more social point of view: urban growth, 
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planning, economic effects, disasters management, climate change, etc. In fact, this cluster could also 

fall under the umbrella of “resilience”, a keyword that is not often mentioned (in comparison with the 

other clusters) in research papers on smart cities. 

 

Of course, it is necessary to note that these four clusters are a simplification of the existing literature, 

and just the keywords with a high co-occurrence have been selected, i.e. when looking for the keyword 

“smart city”, just the ones that appear more than twenty times in the Scopus database have been 

considered. Nevertheless, this draws a good picture of the current state of the art on smart cities, where 

certain topics such as urban logistics or resilience are much less explored in comparison to others like 

IoT or Big Data. 

 

2.3 Evolution of urban logistics within smart cities 
 

Following a similar approach as before, Figure 3 shows the research evolution on urban logistics within 

smart cities, split into different groups: papers related to 1) “urban logistics” or “city logistics”, 2) 

“smart logistics” (or “smart cities” and “urban logistics”), 3) “electric vehicles” and “urban logistics”, 

and 4) “drones” and “urban logistics” (or “aerial vehicles” and “urban/city logistics”).  

 

 

Figure 3. Evolution of research on urban logistics and smart logistics. 

 

With the increased focus put on smart cities and sustainable urbanism, the number of papers related to 

urban or city logistics is also increasing. However, research on logistics within smart cities (red in 

Figure 3) only started in 2010, and in 2019 there were only 92 papers published on this topic, in 

comparison to the 5000 papers related to smart cities that were indexed during the same year (see Figure 

1). This means that there was only one publication on logistics and smart cities for every 54 publications 

on smart cities, which represents less than 2%. However, the fact that a paper focuses on logistics within 

smart cities does not imply that it is about “smart logistics”. If we check the number of papers directly 
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related to “smart logistics”, we see that there were only 46 in 2019, therefore less than 1% of the paper 

on smart cities are related to smart logistics. We can also see how research studies linked to the use of 

electric vehicles for urban logistics just started a few years ago in 2010, almost in parallel to the research 

focused on smart logistics, and, since then, the research in this areas has not increased much, although 

the number of Scopus indexed papers increased to 14 in 2019. Regarding the use of drones or aerial 

vehicles in urban logistics, there were just 3 papers written in 2019. It is possible that there are more 

papers related to drones, electric vehicles or urban logistics than the ones captured through this 

methodology, either because they are not Scopus-indexed papers or for any other reasons. For example, 

the keywords the authors used did not include the terms we are selecting, or the research was not 

published. However, the approach taken here provides good insights that allows having a solid point of 

view on the relevance of urban logistics for the research community. 

 

Moreover, we can now wonder about the characteristics and specificity of urban logistics in smart cities. 

Thus, if current research in urban logistics is not being focused on electric vehicles, smart cities or drone 

deliveries (as indicated in Figure 3), what are then the main topics that researchers are currently involved 

in? In other words, how is the research community taking the challenge of urban logistics? To answer 

this, we have created another keywords map, in which all the keywords related to papers that contain 

the keyword “urban logistics” or “city logistics” are represented and interconnected.  

 

Figure 4. Keywords map created with VOSviewer using bibliographic data from Scopus when looking for the 

keyword “urban logistics”. 

Figure 4 represents the keywords map for the label “urban logistics”. Unlike Figure 2, here the clusters 

are less defined. This makes sense because at this detailed level (urban logistics), the different fields 

tend to overlap. However, one can see how the most relevant topic in literature on urban logistics is the 

vehicle routing problem (VRP), especially the use of algorithms (heuristics and genetic algorithms) to 
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optimize routes for a vehicle or fleet of vehicles doing deliveries. The other big topic is related to 

sustainability and urban planning, including environmental impacts and transport policy aspects. As 

observed in Figure 3, and partially related to sustainability, papers focusing on electric vehicles, 

batteries and charging stations also appear but in a much smaller scale. We can also see that the number 

of papers in which traffic congestion is connected to urban logistics activities is very scarce and usually 

this research only focuses on the congestion effects of logistics without considering a more holistic 

view (for example connected to the VRP or the environmental impacts). Finally, other keywords such 

as drones are not present, and other important ones for city logistics, such as location of warehouses or 

cycle-logistics (bicycles and tricycles), have a limited impact in the research field of urban logistics. 

 

In the next subsections, some important topics of interest related to urban logistics will be explored, 

focusing on the VRP, electric vehicles, cycle logistics, and drones. The idea is to better understand the 

current state of the art in these specific fields. 

 

2.3.1 New approaches to optimize delivery routes within urban areas 

 

In logistics, route optimization (also known as the “vehicle routing problem” or VRP) of vehicles 

(usually trucks and vans) is crucial to minimize transport costs and to be able to compete in a market 

that is fiercer every day (Faulin et al., 2005). There are tools in place based on heuristics algorithms that 

allow logistic companies to know which route the vehicle (or fleet of vehicles) should follow to save 

costs (money, CO2 emissions, fuel, etc.). The inputs needed for these tools are usually easy to obtain, 

and basically these are a set of customers (their locations and demands), the capacity of the vehicle, the 

location of the depot, and the topology of the network (distances and/or times between the different 

nodes). There may exist other inputs that can be used for more advanced algorithms, such as the time 

window for each delivery, the different vehicles composing the fleet, the emissions per kilometre 

travelled, noise, and the driving range, amongst others (Sanchez et al., 2018; Denant-Boèmont et al, 

2018). Although it is true that small companies usually optimise routes based on their experience instead 

of with these tools, this approach is not efficient when the complexity of the problem increases. 

However, most of the applications of the vehicle routing problem are still focused at a strategic level 

(i.e. routes between cities) where most of the approaches aim at minimizing a distance-based cost 

function without considering other aspects such as congestion effects, transport infrastructure, or driver 

behavior (Álvarez et al., 2017). 

 

The first Scopus-indexed papers related to VRP were published in the 1970s. In fact, the first one was 

a piece of research in which the authors developed an approach to optimize public service vehicle routes 

(Golden, Magnanti, & Nguyan, 1972). During the next twenty years, the knowledge on this field was 

consolidated, and it was not until the 1990s when the number of publications started to increase 

exponentially. It was also then when specific papers focused on VRP for logistic activities started to be 

indexed, although Daganzo published the first one in 1984 (Daganzo, 1984). 
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Figure 5. Evolution of papers related to route optimisation (VRP), urban logistics, and smart logistics. 

As seen in Figure 5, until 2010, research on VRP was mostly focused on a strategic (macroscopic) level, 

but the research community commenced to adopt a more micro-level perspective and the study on urban 

logistics started to be considered, complemented by publications on smart logistics that began to be 

indexed also in 2010. With urban logistics and smart cities gaining in prominence during the last years, 

the number of publications per year on smart logistics has increased to around 50 in 2019. However, 

Figure 5 shows that VRP papers focused on logistics have ignored congestion and driver behaviour 

effects until recently, when urban logistics and smart cities started to be considered by different authors, 

and it was not until 2008 when the first indexed paper appeared to study a VRP that includes queues 

and dynamic travel times (Woensel et al., 2008). Note that there are just a couple of indexed publication 

in which the driver behaviour aspects are mentioned (Srinivas & Gajanand, 2017) (Abu Al Hla et al., 

2019). 

 

Therefore, it is clear that dynamic conditions such as congestion and driver behavior have been excluded 

from the literature of VRP until now, and even with the current increase in the number of indexed papers 

published related to urban logistics and smart cities, these aspects are being disregarded. One of the 

problems of logistic companies within urban areas is that they do not always operate efficiently which 

leads towards higher-than-optimal vehicle-kilometers due to their inefficient route planning (Jiang & 

Mahmassani, 2014). Also, in this one-click era, customers often require urgent deliveries that are 

forcing couriers to adopt a more flexible route planning process (Anbaroglu, 2017). Therefore, one of 

the main challenges for urban logistics is to investigate how to optimize efficient and robust routes 

considering the stochasticity of these urban networks, so it is clear that a deeper understanding is needed 

on how these dynamic conditions can be implemented in our optimization problems. 

 

Amongst the papers in which congestion effects are considered within the optimization problems, the 

one by Conrad and Figliozzi  (2010) is relevant. These authors studied a case study in Portland, Oregon, 

making use of the Google Maps API to build the origin-destination matrices considering real network 

attributes, to then adjust the speeds using detailed historical traffic data from the database PORTAL 
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which collects data from 436 inductive loops. Doing so, the route is optimized taking congestion and 

bottlenecks into account. However, the use of historical traffic data instead of real-time data limits their 

applications, especially in the context of the smart cities. 

 

Nha et al (2012) also highlighted the importance of considering dynamic road traffic conditions 

(congestion, accidents, etc.) when optimizing routes within smart cities. The authors created a scenario 

with a specific road network in which the Dijkstra algorithm (1959) is applied. Then, the network was 

simulated using the microsimulation software SUMO (2001). Every time the vehicle reaches a node 

of the initial planned route, the software checks whether there are changes in any road segment (link 

blocked by an accident or congestion), and if it is the case, the algorithm is re-applied ignoring those 

links. To the best of the authors’ knowledge, this paper is the first one in which a simulation software 

is linked to the optimization algorithm to consider congestion effects. The implementation of this 

approach was in progress by the time the paper was written so there is a lack of details, for example, on 

how real traffic data is obtained. In addition, this paper is not specifically focused on logistic activities. 

However, this paper shows that it is possible to intertwine optimization algorithms with simulation 

approaches leading to an increase in realism of the route planning processes, especially within smart 

cities. 

 

The last paper presented here is the one by Kim et al. (2016). In this article, the authors propose a 

dynamic vehicle routing problem model with stochastic travel times under traffic congestion. To this 

end, Kim et al. (2016) use a real case of a delivery company based in Singapore with a delivery network 

that consists of a single depot and multiple customers, where customers demand are known, but travel 

times between customer locations are time-dependent and stochastic due to traffic congestion. The 

traffic data were collected from the Land Transport Authority (LTA) in Singapore, which provides 

historical data from street sensors with which averaged vehicle speeds over time for different road 

segments can be calculated. When a delivery between two nodes takes place, the Google Maps API is 

used to obtain the road segments that are part of the arch, and each road segment is linked to the 

historical speed data from the LTA (which is time-dependent). With the speed information available for 

each road segment, dynamics of the traffic congestion state and probabilities of each segment are 

estimated and used as inputs to solve the dynamic vehicle routing problem. The comparison made in 

this paper between the results obtained through this approach and the current practice by the delivery 

company in Singapore (that ignores traffic congestion) highlights the potential saving from exploiting 

historical and real-time traffic congestion information, with a 7% improvement in total travel time. 

However, the paper is somehow similar to the one written by Conrad and Figliozzi (2010), as they also 

used the Google API, and shares its limitations, as using historical data instead of real-time data (from 

Intelligent Transport Systems) can limit the applications of this approach. 

 

Summing up, it is clear that traffic congestion is one of the main challenges within urban logistics. This 

section has reflected how the research community has ignored this topic for decades whilst scholars 

were mainly focusing on the application of VRP at a strategic level, where minimizing a distance-based 

cost function was the main objective. However, traffic congestion is dramatically increasing in our 

cities, and on-demand deliveries are changing the way we understand logistics activities. This has 

caused that, in parallel with the development of the so-called smart cities, congestion has raised concern 

amongst the research community in the last years (see Figure 5). 

 

Considering dynamic conditions, such as traffic congestion, accidents, monotonous drives, and fatigue 

into route optimization algorithms for logistics is something relatively new (Srivatsa & Gajanand, 
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2016). Future VRP for urban logistics within smart cities will have these variables in real-time, making 

use of Intelligent Transport Systems and Big Data technologies (Faulin et al., 2019). Agent-based traffic 

microsimulation or macrosimulation software can be also implemented as part of the optimization 

approaches to get realistic insights on how traffic conditions may affect routing and to analyze future 

and what-if scenarios. 

 

2.3.2  Electric vehicles for urban logistics 

 

The rapid pace at which our cities are growing is leading to an increase in the movement of good from 

external areas into the city centers.  According to Zavitsas et al. (2010), urban logistics are responsible 

for 8-15% of total traffic flow in urban areas (Zavitsas, Kaparias, & Bell, 2010), with trucks causing up 

to 20% of the congestion in some cities like Paris (Dablanc et al., 2011). Also, a report of the European 

Commission (European Commission, 2013) highlights that city logistics are responsible for about 6% 

of the total greenhouse gas (GHG) emissions in urban areas. This could suggest logistics should be a 

central focus for urban policies, but this is not the case, as the movement of goods is often forgotten in 

many urban plans and transport policies (Hall & Hesse, 2013) (Dablanc, 2009). 
 

In the last years, and due to the increasing concern about air quality within urban areas, electric vehicles 

are seen as a potential contributor to reduce some of the environmental impacts caused by urban 

logistics (Corlu et al., 2020). For example, the 2011 White Paper on transport for the EU (European 

Commission, 2011) stated that one of the challenges for 2030 is to achieve CO2-free city logistics in 

major urban centers. Therefore, electric mobility seems essential to achieve this goal.   

 

However, we are still far from this achievement. One of the main reasons is that the cost to buy an 

electric vehicle is often higher than conventional vehicles with internal combustion engines (Fenga & 

Figliozzi, 2012) (Egbue & Long, 2012) (Al-Alawi & Bradley, 2013), and this is mainly due to the cost 

of the battery itself, although the price is likely to be reduced in the coming years. Also, according to 

these authors, there are uncertainties when it comes to compare the operational competitiveness of 

electric trucks or vans with traditional vehicles, as the price of electricity may increase if electric 

mobility (e-mobility) becomes global. Another important aspect to consider is the technical limitations 

of electric vehicles (range and speed), who is seen as a major hindrance for their implementation in 

urban logistics (Duin et al., 2013) (Juan et al., 2014). The battery charging time is also a constraint. 

Depending on the size of the battery and the equipment used, charging times may vary between thirty 

minutes and several hours (Department of Energy, 2012). In general, for freight transport, batteries are 

usually charged overnight, or during the driver’s lunch break in order to optimize time (Nesterova et 

al,. 2013). Other options are fasting charging stations (Hatton et al., 2013), or stations for battery 

swapping (CALSTART, 2013), where the depleted battery is replaced by a loaded one. However, in all 

the cases, an infrastructure investment would be needed, which would increase the cost for the logistic 

company or for the city council (in case of public charging/swapping stations).  

 

Juan et al (2016) also studied the main challenges that arise as a consequence of introducing electric 

vehicles in the distribution fleet, and highlighted, amongst others, the following ones: the difficulty in 

developing infrastructure networks for battery recharging/swapping, the added complexity of additional 

time-window constraints related to short driving ranges, the severe feasibility constraints imposed using 

heterogeneous fleets of vehicles (traditional ones mixed with electric vehicles) with different driving 

ranges, and the economic impact of the introduction of electric vehicles over the entire supply chain. 

However, according to Pelletier (Pelletier et al., 2014), distance range is not a limitation for electric 
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vehicles within urban areas, as the typical driving distances travelled by urban delivery vehicles are 

often lower than the range of commercial electric trucks.  

 

Although literature regarding electric vehicles for urban logistics is limited, there are practical examples 

in which electric vehicles were tested for last-mile deliveries within urban areas. For example, the 

European Union is funding different projects to show industry, consumers and policy makers how 

electric freight vehicles can provide a sustainable solution for our cities, offering a plausible alternative 

to traditional vehicles, especially when these are complemented with cutting-edge logistics applications, 

innovative logistics management software, and well-designed local policies. In particular, the project 

FREVUE (Freight Electric Vehicles in Urban Europe) is a €14 million project that is co-funded by the 

EU Seventh Framework Programme (FP7) in which 32 local and European partners (both public and 

private) are concentrated in different capitals such as Amsterdam, London, Madrid, or Stockholm to 

enable the deployment of electric vehicles performing urban logistics services. The results show 

environmental benefits, as according to the project report we could reduce up to 45% of emissions in 

our cities using electric vehicles. But this environmental benefit can be also translated into cost savings. 

For example, if we could electrify 10% of the freight fleet in London by 2021, we could save over €1 

billion in reduced health impacts and negative externality costs like pollution (FREVUE, 2018). 

 

In another case study in Portugal, Duarte et al. (2016) found out that although the purchase cost of an 

electric vehicle is 46% higher than a traditional internal combustion engine vehicle, there is also a 65% 

decrease in operational costs due to electric vehicles. Furthermore, they installed an onboard device to 

monitor both conventional and electric vehicles. Through this device, they obtained data on driving 

dynamics such as speed, acceleration, road topography, as well as engine parameters. The results 

indicated that, for urban logistics, electric vehicles drive similar distances than traditional vehicles 

(therefore the driving range is not always a constraint), and that average speeds are also similar. 

Furthermore, the electric vehicles presented an efficiency improvement of 76% on energy per kilometer 

driven. Based on this, they concluded that electric vehicles are adequate for urban logistics, and that 

long-term policies are needed to facilitate the purchase of these vehicles, and the deployment of 

charging stations.  

 

Giordano et al. (2017) also think that governments should provide incentives equal to at least the amount 

of benefits that electric vehicles bring to the society. They recommend that this could be linked to the 

replacement of older vans, and they put London and Oslo as examples of cities where current 

government incentives are even higher than the quantified environmental and health benefits, making 

electric vans more attractive than traditional ones. On the other hand, Quak et al (2016) consider that 

although financial incentives are currently the most powerful tool to support the market uptake of 

electric vehicles, a more integrated city management approach will be needed in the long term. 

 

As we can see, according to the literature, there are pros and cons for using electric vehicles for urban 

logistics. As a summary, Table 1 shows a SWOT matrix in which the strengths, weaknesses, 

opportunities, and threats of implementing electric vehicles for urban logistics are shown. Some of the 

items of the matrix have been taken from Quak et al. (2016), and others have been written by the author 

considering the existing literature already mentioned. 
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Table 1. SWOT matrix of electric vehicles compared to internal combustion engines vehicles (using inputs from 

Quak et al, 2015). 

Strengths 
- Low fuel costs 

- Efficiency of operation in case of government support 

- Good environmental performance 

- No noise from the vehicle 

- Positive acceptance by the public 

- Access to city centres are sometimes less restricted 

for electric vehicles. 

Weaknesses 
- High purchase costs 

- Limited loading capacity 

- Smaller driving range 

- No better revenue (limited number of customers paying 

more for deliveries using electric vehicles) 

- Lack of appropriate infrastructure (battery 

charging/swapping stations) 

- Optimization complexity with large or mixed fleets 

- Limited availability of vehicles 

- People and companies are still awaiting as technology 

keeps improving 

Opportunities 
- New vehicles have a higher distance range 

- There is market within specific niches 

- Availability of public charging points in some cities 

- Improvements in battery life 

- Innovative vehicle/battery leasing schemes 

- Decrease in battery price 

- Incentives from public organisms 

- Transport policies support e-mobility 

Threats 
- Unclear regulation regarding certification 

- Competition on environmental performance from vehicles 

running on alternative fuels (biogas or natural gas) 

- Low fuel prices and increasing energy prices. 

- Other modes of transports (cycle-logistics) may be 

preferable for last-mile deliveries 

- Electric vehicles do not solve the problem of urban 

congestion 

- Electric vehicles are nowadays dependent on public 

incentives 

 

Amongst the different strengths of electric vehicles for their use within smart logistics, we could say 

that the low fuel costs and the good environmental performance (including less noise) are the main 

ones. On the contrary, the high purchase costs, the driving range, and the lack of appropriate 

infrastructure are important limitations. However, there exist opportunities that can make electric 

vehicles to overtake traditional trucks and vans in the coming years, as transport policies are going 

towards e-mobility and public organisms are creating incentives for the use of these vehicles. However, 

it is important to note that these public incentives may not work in the long term, and that there also 

exist other modes of transport (for example cycle-logistics) that can compete with electric vans and 

trucks, as these do not really solve traffic congestion problems within urban areas. 

 

2.3.3 Cycling the last mile 

 

As seen in the previous section, electric vans and trucks are seen appropriate to fight with the increased 

pollution existing in our cities. However, the massive use of these electric vehicles will not solve other 

problems that urban logistics is facing in our current cities: traffic congestion, accidents, limited access 

to our city centers and lack parking spaces (Boussier et al., 2011). Although sustainable urban mobility 

plans are defending the shift from the internal combustion engines vehicles to electric ones in the mid-

term, they are also trying to enhance the livability of our city centers by limiting the access to motor 

vehicles. Therefore, cycle-logistics, i.e. the use of bikes and tricycles to deliver goods can be a solution, 

especially for last mile deliveries. Usually these cycles and tricycles are electrically assisted, with 

payloads between 150 and 300 kilograms, and volume capacities typically around 1500 liters 

(Tipagornwong & Figliozzi, 2014). 

 

According to the European project Cyclelogistics (Cyclelogistics, 2018), on average 51% of all 

motorized trips in European cities involving the transport of goods could be shifted to bicycles, cargo 

bikes, o tricycles. This would generate large benefits for the whole society such as less energy 
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consumption and CO2 emissions, reduced congestion, noise levels and pollution, and increase in space 

for citizens.  

 

The research on cycle-logistics is very scarce, it is mainly focused on the European context, and it is 

usually related to case studies of specific cities and companies trying to implement cycle-logistics 

(Schliwa et al., 2015). As an example, in the last decade, just about a dozen of papers linked to cycle-

logistics were indexed in Scopus. One of the most relevant is a study by Brown et al (2011), in which 

they focus on the role that urban consolidation centres (UCCs) play in reducing freight traffic and its 

environmental impacts in towns and cities. Based on a real case study in London, they use an urban 

micro-consolidation platform located in the delivery area from which electrically-assisted cargo 

tricycles do the deliveries, instead of the traditional approach in which vans or trucks travel from their 

depots to the final customers located in the city centre. Their results indicate that the total distance 

travelled by parcel delivered decreased by 20%, and the CO2eq emissions by 54%. This result is in line 

with a study in Portland, Oregon, where it was found that using electric tricycles for urban deliveries 

can reduce the annual CO2 emissions by 50% (Saenz-Esteruelas et al., 2016). 

 

Lenz and Riehle (2013) state that the motivation behind the use of bikes or tricycles by companies 

(usually small companies) is not just the result of conviction and awareness. The advantages of cycle-

logistics in urban areas in comparison with trucks and vans also play an important role. According to 

the author of this thesis, the main factors that influence a company to start shifting to cycle-logistics are 

cost factors (bikes and tricycles are cheaper than vans), the higher speed of cycles within city centres in 

comparison to other vehicles, the advertising impact of cycle freight, and more important the increasing 

bans on motor vehicles and the restricted vehicle access to the historical/central areas of the cities. 

During this doctoral thesis, the author has also interviewed two cycle-logistics companies in Spain 

(Txita in San Sebastian, and Oraintxe in Pamplona), and both agree on the point that the restricted 

access (pedestrianized zones, one-way streets, narrow streets, etc.) is the main cause for them to use 

bikes and tricycles instead of vans, and not the environmental awareness as some people might think. 

 

The Transport for London (TfL) report “Cycle freight in London: A scoping study” (TfL, 2009) lists 

the practical advantages and disadvantages of cycle-logistics, which are listed in Table 2. 

Table 2. Advantages and disadvantages of cycle-logistics (TfL, 2009). 

Advantages 
- Purchase cost: cycles are cheaper than vans. 

- Operating cost: tax, insurance, storage and depreciation 

are also lower for cycles than for vans. 

- Parking costs and congestion-charges: cycles can be 

parked almost everywhere and congestion-charge schemes 

do not apply to cycles. 

- Speed in congestion: journey times are much less affected 

by traffic conditions. 

- Driver training requirement: drivers do not require a 

driving license.  

- Low environmental impact: although the “green” benefit, 

as already mentioned, is not the main factor for the existing 

small companies, larger companies that want to enter the 

cycle-logistics market can consider it as a relevant factor. 

Disadvantages 
- Security: security concerns is a relevant variable for 

companies that are not already using cycles, although 

these fears may be exaggerated, as there are almost no 

instances of theft of cycles or payload reported. 

- Limited range: range is an issue when the distribution 

hubs are far away from the city centres. With secondary 

hubs located closer to the centre, or with the use of the van 

itself as a mobile hub range should not be a problem. 

- Limited payload: this is also an issue when the hubs are 

far from the delivery points. Also, some companies 

underestimate the payload of currently available cycles. 

- Driver fatigue: this can be a problem for a company 

when existing drivers do not want to switch to using a bike 

or a tricycle, but this can improve through the use of 

electrically assisted cycles or tricycles. 
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Apart from these practical pros and cons, the report suggests that there also exist practical and human 

factors regarding the use (or lack of use) of bikes and tricycles for freight transport within urban areas. 

With regards to the human factors, it is indicated that social perceptions towards cycle-logistics is 

probably the single largest factor inhibiting the use of cycles in this way. However, among transport 

and logistics professionals, the issue is related to a lack of information on the vehicles now available, 

rather than attitudes that are hardened against them. This view is also shared by Schliwa et al (2015), 

for whom the acceptance of cargo cycles by businesses and customers as a suitable mode of transport 

is one of the major obstacles identified. 

 

As a parallel research, in 2017, this thesis’ author has also studied the social perceptions of different 

groups towards cycle-logistics in the Old Town of Pamplona (Spain). Results are shown in Table 3, 

being 0 totally opposite to the use of cycles and tricycles for urban deliveries, with 4 being completely 

in favour. As it can be seen, the general population has a good opinion of promoting cycle-logistics, 

probably because its link to sustainability. Logistics companies have also a positive view of these new 

modes, and this may be caused because they think that, in the specific case of Pamplona, they are needed 

to improve the efficiency of freight distribution. However, businesses from the Old Town (mostly 

restaurants, bars and shops) are more negative about this idea, probably because they think that this will 

affect their businesses, mostly due to the limited capacity of the tricycles and their inability to transport 

certain goods such as pallets, beer barrels, or fresh products.  

Table 3. Opinion on the promotion of cycle-logistics in the Old Town of Pamplona. 

 
 

Opinion on the promotion of cycle-

logistics 

Businesses (n=50) 1.82 

Logistic companies (n=10) 2.5 

General population (n=400) 2.99 

Therefore, the literature review has shown that using bikes and tricycles for urban deliveries is feasible 

(Faulin et al. 2016), especially for last mile deliveries and when the distribution hubs (or urban 

consolidation centres) are within the delivery area. In comparison to electric vans, electrically assisted 

cycles have a better accessibility to the city centres, as they can park almost anywhere, and they can 

sometimes use pedestrianized zones that are restricted to general traffic. However, the limited capacity 

is one of the biggest disadvantages, although this constraint can be avoided through the creation of 

urban consolidation centres or logistics micro-platforms close to (or within) the city centres. With cities 

trying to become more sustainable, new policies are being created to reduce speed limits, narrow traffic 

lanes, restrict access (or parking) to motor vehicles, or to extend cycling infrastructure in our city 

centers, which will for sure result in the improvement of the competitiveness of cycle-logistics.  

 

2.3.4 Is drone delivery a reality? 

 

If we have pointed before that the research on smart logistics, and especially the one related to electric 

vehicles and cycle-logistics is limited, the literature on drone deliveries, also known as UAVs 

(unmanned aerial vehicles) has been inexistent until a couple of years ago. In Scopus, for example, there 

are only 20 papers (from 2014 and 2019) that contains the keyword “drone delivery”, and most of them 

focus on theoretical approaches (including the VRP) or case uses not directly related to last-mile 

deliveries.  
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Although the media coverage with respect to drones and drone delivery is increasing, this new mode to 

deliver goods is seen by some experts as a utopic and futuristic technology, as a security and privacy 

threat by part of the general population, and frightening and improbable by others. Some authors 

(Jenkins & Vasigh, 2013) think that the proliferation of drones will have a positive impact in the market, 

for example with about 103,776 new jobs created in the US by 2025 leading to an economic impact that 

will total $82.5 billion. However, most of the applications in which drones have already shown a direct 

applicability are related to photogrammetry, agriculture and environmental monitoring, entertainment, 

and engineering surveillance. Also, in emergency and rescue management, drone delivery has been 

found practical to deliver medications and first-aid equipment in devastated areas (Chowdhury et al., 

2017) (Fikar et al., 2016). 

 

As for urban logistics, the future of drone delivery is still unclear. It is true that using drones instead of 

vans would reduce traffic congestion in the city, but the problem might be passed to the sky. According 

to Anbaroglu (2017), there are many challenges to utilize drones for freight distribution in urban 

environments. On the one hand, we have the social challenges that are related to physical safety (the 

parcel or the drone could fall), privacy (sensors and cameras will be installed in the drones), and general 

perception and acceptance of this new mode of delivery. Secondly, there exist barriers that need to be 

addressed by the public authorities, such as the tracking of all the drones doing deliveries, or the 

identification of non-authorised drones. Finally, technological challenges are also important, for 

example the limited battery life of the drones or their ability to detect humans to maintain minimum 

separation distances. Kunze (2016) states that one of the key assets for using drones for deliveries in 

urban areas is the dispensability of drivers, although drone operators might be needed. Also, he 

mentions other problems for the implementation of drone deliveries such as the noise emission, security 

(sabotage), safety (harm to humans or to helicopters), local ecological impacts (birdlife), lack of 

adequate air traffic regulations, and energy efficiency. 

 

Regarding energy efficiency, Figliozzi (2017, 2020) has shown that drones are about 47 times more 

efficient than typical diesel delivery vehicles in terms of energy consumption, and about 1000 times 

more in terms of emissions. However, in terms of energy consumption and emissions per unit distance 

and per kilogram of payload delivered, conventional vans are more efficient, as they can deliver 380 

times more cargo than the drone. Furthermore, if electric vans are used, then the drone is not more 

efficient in case there are more than 10 customers per route, which is usually the case in the last-mile. 

Also, Figliozzi (2017) states that in dense urban areas tricycles perform also better than drones in terms 

of both energy consumption and lifecycle CO2e emissions (Figliozzi, 2017). 

 

From this PhD student’s point of view, there is a key point that is often forgotten. Transport and logistic 

infrastructure is also a very important challenge that needs to be addressed before drone deliveries in 

urban areas become feasible. Even with improved technology that allows to have hundreds of drones 

above the streets, and even with new legislation and increased social acceptance, we must not forget 

that the key point of drone delivery is to effectively deliver a parcel. Nowadays, our cities are not 

prepared to receive drones. We do not have the adequate infrastructure in our houses or blocks of flats. 

Not everybody has a garden or a balcony where a drone could land. One idea would be to build 

droneports above our buildings or in some tactical places. Another one could be to place lockers in 

public places that are adapted to receive parcels from drones. Or we could use electric or autonomous 

vans that park outside the city, and that can send drones guiding them towards an urban consolidation 

center where tricycles will receive the parcel to then complete the last mile.  
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There is yet a lot to think about, and a lot to do. In the next years, it will be possible to see drone 

deliveries in some rural areas in which the constraints of a dense city do not apply. But, if we want to 

see hundreds of drones flying around our sky, we will need to wait, as we are not there yet. 

 

2.3.5 Using robots to deliver parcels 

 

During the Covid-19 pandemic, autonomous robots have become a crucial element for urban deliveries, 

as the lack of a driver and human contact reduces the possibility of getting infected during a delivery. 

In the US, robots were already used at airports, universities, or large corporate campuses. For example, 

the robot delivery service company Starship Technologies, founded in 2014, has completed 100,000 

autonomous deliveries and travelled more than 500,000 miles to date (Forbes, 2020). However, during 

the health crisis, the interest in autonomous vehicles to deliver goods has increased in different 

countries, and autonomous vehicles have become a sign of resilience in urban logistics.  

 

For example, in China, 16 communities in the city of Zibo received daily fresh products using 

autonomous vans that use cameras and deep-learning algorithms to drive. With a capacity to load 1 ton, 

this alternative helped to reduce the risk of infection (Guizzo, 2020). In Milton Keynes (UK), robots 

were also used to deliver food to its 200,000 residents during the lockdown, thanks to agreements with 

different chains like Tesco or Co-op (The Guardian, 2020).  

 

As we enter the “new normal” period, these autonomous vehicles will stay to become part of the urban 

logistics scenario. According to Jennings and Figliozzi (2019), although autonomous delivery robots 

used together with mothership vans could be a viable alternative to standard delivery vehicles, the 

scalability of this industry will depend on the regulations set by local authorities and governments. In 

general, according to Jennings and Figliozzi (2019), using robots in certain scenarios could lead to a 

reduction in delivery times, distance travelled, and cost, although this will also depend on the number 

of customers, distance, type of parcel, and time each customer spends to pick up the parcel. Furthermore, 

although it may look that using robots could have associated benefits in terms of traffic congestion, 

Jennings and Figliozzi (2020) mention that, in fact, there could be an indirect increase in the number of 

vehicle-miles related to package delivery caused by the lack of restrictions in terms of driver fatigue or 

working hours, which could impact traffic congestion in urban areas. Apart from this, these robots will 

add new externalities and issues, mainly related to pedestrian safety (more congested sidewalks) and 

parking space (mothership vans will require longer parking stay).  

 

Therefore, although the research is still very limited, it is true that in certain scenarios autonomous 

robots could be a cost-effective alternative. It is likely that during the next years delivery companies 

will start implementing this alternative in order to cope with the growing on-line demand.   
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2.4 Resilient cities 

 
Whilst we have seen in the previous sections that transport and logistics activities are key for our 

economies, cities also have an important role to play in our societies. They are the centre of economic, 

social and cultural activities. However, over the last decades, cities are rapidly changing. According to 

the United Nations, by 2050 68% of the global population will live in cities (United Nations, 2019). In 

2100, this ratio will increase to 85% (OECD, 2015). If we compare it to the figures from 1960, when 

only 34% of the population lived in cities (World Bank, 2020), it is understandable that this urban 

phenomenon is affecting how the cities are evolving (see Figure 7). 

 

 

Figure 6. Percentage of urban population. 1960 (above) vs. 2017 (below) 

This unprecedented era of increasing urbanization is posing several challenges related to housing, 

employment, environment, climate change, transport infrastructure, education, and safety, amongst 
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others. It is known that the effects of some of the main problems our society is facing are also more 

acutely observed in urban areas (JRC, 2019). Examples of these problems are climate change, 

heatwaves and flooding, pollution, congestion, crime, a lack of affordable housing, shortages of clean 

water and electricity, and health; for example, over 90% of Covid-19 cases occur in urban areas 

according to the United Nations (United Nations, 2020). These challenges could lead to great 

opportunities to achieve a sustainable development if a correct approach is followed. In fact, the Urban 

Agenda for the EU (European Commission, 2019) and the global New Urban Agenda (United Nations, 

2017) recognise the importance of cities in achieving a sustainable way of living. However, this means 

we will have to change the way cities are planned, designed, developed and governed. In other words, 

the battle for achieving the sustainable development goals will be won or lost in our cities. 

 

2.4.1 The concept of urban resilience 

 
The general definition of resilience relates to the ability of a system, a person or a thing to recover 

quickly or to return to its original state after being disturbed (Oxford University Press, 2020). The word 

resilience is commonly used in fields such as psychology or sociology, and we could say that the history 

of city resilience started with the resilience of their populations. Campanella and Godschalkt (2011)  

show through different historical examples (the 1755 Lisbon earthquake, the Great Galveston hurricane 

of 1900 in Texas, or the WWII) that no major city has been permanently ruined in the las 300 years and 

that even in the ancient world cities were rarely abandoned as a consequence of a catastrophic event 

(Campanella & Godschalk, 2011) As the authors mention, “just as a city is more than the sum of its 

buildings, it may also be only as resilient as its citizens. Resilient citizens have enabled urban resilience 

throughout history.”  

Apart from the socio-political aspects of resilience studied by Campanella and Godschalkt, it is true 

that during the last years the concept of resilience has also moved to the field of sustainable development 

and urban planning. This has been partially caused in response to some of the biggest challenges our 

societies are facing: climate change, declining oil supplies, terror attacks, global pandemics, and other 

threats. In fact, one of the Sustainable Development Goals stated by the United Nations aims at “making 

cities and human settlements inclusive, safe, resilient, and sustainable.” 

The New Urban Agenda (United Nations, 2017), for example, mentions that  

“readdressing the way cities and human settlements are planned, designed, financed, developed, 

governed and managed […] will help to end poverty and hunger in all its forms and dimensions; reduce 

inequalities; promote sustained, inclusive and sustainable economic growth; achieve gender equality 

and the empowerment of all women and girls in order to fully harness their vital contribution to 

sustainable development; improve human health and wellbeing; foster resilience; and protect the 

environment.” 

With a more practical focus, the UN-HABITAT’s “City Resilience Profiling Programme” provides 

governments (national and locals) with tools for measuring and increasing resilience to multiple 

hazards, including those associated with climate change, especially flooding events (United Nations, 

2018). There are also private organisms that aim at increasing the resilience in our cities. As an example, 

the Rockefeller Foundation established in 2013 in the wake of Hurricane Katrina and Superstorm Sandy 

“The 100 Resilient Cities programme” to help cities to develop new resilience strategies, providing 

principles, indicators, and practises. However, this program ended in 2019 after internal discussions, a 
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change in leadership, and the intention of the Foundation to address resilience and climate from different 

and new perspectives (Bliss, 2019). 

In the EU, regional policies have also started to highlight the importance of developing resilient cities. 

For example, the Urban Agenda for the EU clearly mentions that “European citizens are facing pressing 

challenges in all places – environmental degradation and climate change, demographic transition, 

migration and social inequalities – and cities are on the frontline to deliver solutions. To ensure the 

sustainable and resilient development of Europe, we need to follow the principle of multi-level 

governance”. Furthermore, the document “The Future of Cities” by the Joint Research Centre  of the 

European Commission (JRC, 2019) mentions that city communities will play a substantial role in 

reshaping their own futures, and that “strengthening local administrations and empowering citizens 

will contribute to building urban resilience to new challenges and better protecting human, economic 

and natural assets in cities and their surroundings.”  

However, what does urban resilience exactly mean? Meerow et al. (2010) state that the meaning of 

urban resilience is malleable, allowing researchers and practitioners to use a common term without 

requiring them to necessarily agree on its exact definition, which sometimes creates inconsistencies 

(Meerow, Newell, & Stults, 2016). The authors reviewed the academic literature on urban resilience, 

identifying the most influential studies, and developed a refined definition that addresses conceptual 

tensions and that includes different perspectives. According to them “urban resilience refers to the 

ability of an urban system -and all its constituent socio-ecological and socio-technical networks across 

temporal and spatial scales- to maintain or rapidly return to desired functions in the face of a 

disturbance, to adapt to change, and to quickly transform systems that limit current or future adaptive 

capacity.” 

Although this definition is, of course, correct from a conceptual point of view, in practice it is usually 

simplified so that its understanding and application becomes easier. For example, according to the 

European Commission (JRC, 2019), a resilient city is the one which “assesses, plans, and acts to 

prepare for and respond to all hazards – sudden and slow onset, expected and unexpected.” In other 

words, a resilient city is a city that “face shocks and persistent structural changes in such a way that it 

keeps on delivering societal well-being without compromising that of future generations” (Manca et 

al., 2019). 

As we can see, urban resilience is a broad topic that covers from earthquakes to flooding events, rapid 

migration, cyber-attacks, terrorism, and pandemics (Covid-19) amongst others. However, during the 

last years almost all the urban resilience projects and strategies, especially in Europe, have been focused 

on climate change impacts (although right after the 11-S terrorist attacks the focus was on terrorism). 

The reason behind this is that Europe is a region prone to increased risks of floods, heat events, and 

wildfires, and there is a huge potential to reduce these risks with the adoption of novel strategies 

(European Comission, 2014). According to UN-HABITAT over the last decade natural disasters have 

affected more than 220 million people and causing an economic damage of  USD100 billion per 

year. By 2030, natural disasters will cost cities three times more than today, and climate change may 

push millions of urban residents into poverty (UN-HABITAT, 2015). To fight this, between 2014 and 

2020 the EU has allocated €180 to finance climate change actions and projects. This represented 20% 

of the total EU budget. For the next EU long-term budget 2021-2027, the Commission has proposed 

that at 25% of EU expenditure will contribute to climate action (European Commission, 2020) which 

shows the importance the EU places on tackling climate change. 

As part of the mentioned budget, the EU is financing some projects in order to address local entities to 

take proactive, preventive and corrective measures to mitigate climate change impacts. Some of the 
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main projects are RESCCUE, BRIGAID, RESIN and EU-CIRCLE (BRIGAID, 2019), in which there 

are also Spanish organisms involved. The objective of these projects is to create and test risk models, 

adaption framework, strategies, and multi-scale methodologies. 

However, although these projects have brought to light some of the needed innovations that can help 

cities, city administrators and governments will need to act quickly to adapt these tools if they want to 

help their own cities to be prepared and be resilient. Although history has taught us that our cities will 

survive, the question is how well they will survive and, in the current context where cities are becoming 

smart, urban resilience should become an important part of the strategy.   

 

2.4.2 Current research on resilience in smart cities 
 

Before focusing on how urban resilience is adopted in the smart city context, it is necessary to 

understand how urban resilience has evolved during the last decades. Although papers focused on 

resilience started to be indexed in 1874, they were only focused on materials science. It was in 1948 

when the first paper focused on psychology, “The amazing resilience of children”, appeared (Audric, 

1948). After the 1960s, the term resilience started to be also applied to other fields such as ecology and 

sociology. However, until the 1990s, there were only a couple of papers per year on resilience, and most 

of them were still related to materials science and engineering. In the 1990s, the topic started to revolve 

around psychology, sociology, and demography, and by the year 2000 the topic of resilience and 

environment, more focused on the climate change, started to gain in prominence together with some 

research around resilience and urban areas. Since then, the research community has increased the 

interest around resilience, and the number of publications has grown linearly with 4131 papers indexed 

in 2019 as shown in Figure 7. 

Figure 7 shows the number of Scopus-indexed papers during the last decades that include in the title 

the words “resilience”, “urban resilience”, “urban” + “resilience”, “resilience” + 

“environment/climate”, and “resilience” + “smart city”. As mentioned before, it was after the year 2000 

when the term resilience started to be applied to fields related to environment, sustainability, and 

urbanism. Since then, the growth of the published papers focusing on resilience, environment, and urban 

areas has increased reaching a total of 427 papers published in 2019, which represents 11% of all the 

research published on resilience, in comparison to the 2% in 2005.  This indicates, as commented in the 

previous section, the importance of this topic for the research community and the governments during 

the last years. 
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Figure 7. Evolution of the research related to resilience. 

Most of the papers whose titles include “resilience” and “environment” focused on the sea level rise, 

wildfires and other negative effects of the climate change. As for the articles on “urban” and 

“resilience”, until 2007 the main topic was education and other socio-cultural and demographic aspects. 

However, after 2007 the trend shifted towards disaster management, especially flooding events. This 

“new” research interest was mainly influenced by recent events such as the Indian Ocean tsunami in 

2004, and the Katrina hurricane in 2005.  

However, Figure 7 also shows how the term “urban resilience” only started to be developed after 2013. 

Although then the research still focused on disasters (flooding, hurricanes, terrorism) and climate 

change, this field starts a new phase and evolves; not only does it show what resilience is or why our 

cities need to be resilient, but it also provides frameworks, methodologies, and indicators to include 

resilience into the urban planning process. We could therefore say that “urban resilience” as a unique 

field of study was born in 2013 when institutions and public organisms (as indicated in the previous 

section) put it as a critical objective for the future of our cities and our future generations. 

Finally, we can see in Figure 7 that the publications focused on smart cities and resilience are very 

scarce and only started in 2013, a few years after the first pieces of research on smart cities were 

published (see Figure 2). In 2018, there were only 17 indexed papers, and in 2019 the number decreased 

to 9, which indicates that this is a new field of research (resilience within smart cities) which is currently 

being developed.   
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Figure 8. Keywords map created with VOSviewer using bibliographic data from Scopus when looking for the 

keyword “urban resilience”. 

Similar to previous keywords maps shown in preceding sections, Figure 8 allows us to understand to 

which terms the papers written on urban resilience are connected. The figure shows that most of the 

papers related to urban resilience talk about urban planning, climate change, sustainability, and 

decision-making. We see there are three main clusters. The biggest cluster (in red) is related to those 

papers more focused on urban planning, policy and government, i.e. how to prepare our cities to become 

resilient from a planning and policy perspective. The second cluster (in green) focuses on climate 

change and disaster management, giving special attention to flooding events. Finally, the last cluster (in 

blue) is about urbanization, urban growth, and sustainable urban development. Of course, this 

methodology based on keywords maps is a simplification, and although there exist a couple of papers 

that also analyse other aspects such as terrorism, big data, or modelling techniques, the impact of those 

is much smaller.   

It is important to highlight that Figure 8 does not show “smart city” as a keyword present in the papers 

focusing on urban resilience, which means that the research on smart cities and resilience is scarce. We 

could also see this in Figure 2, where it was shown that “urban resilience” or “resilience” were not a 

relevant keyword in the indexed papers related to smart cities. Although urban resilience (with the 

meaning we are using in this paper) might be a new term, this is not the case for the concepts behind it 

(disasters, climate change adaption) and their connection to smart cities. For example, in Figure 2 we 

saw that although the keyword “resilience” did not appear, there were others such as climate change, 

disasters, and decision-making that are directly related to urban resilience.  

One question that may arise is, why is urban resilience disconnected from the concept of smart city? 

According to Van den Bosch (Van den Bosch, 2017) the concepts smart and resilient city have different 

roots. Whilst the concept of smart cities was boosted a decade ago (2008-2012 during the economic 

crisis) by companies like IBM, Siemens, of Philips as part of their strategy to find new markets, the 

concept of resilient city is promoted by international organizations and association of cities in order to 
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improve their capabilities to deal with hazards, especially those related to climate change. 

Consequently, some researchers consider resilience as a characteristic of smart cities as there are some 

elements in the concept of smart city that are also contained in the concept of resilience (Papa et al., 

2015). However, for others, the concept of smart cities is still abstract and unclear, and they think that 

the problems smart cities attempt to solve are not in reality relevant existing problems (Arafath et al., 

2018). Indeed, Viitanen and Kingston (2014) criticized the influence of international technology firms 

in the smart city revolution. Thus, according to Viitanen and Kingston (2014), using the perspective of 

green growth, and through public-private partnerships, these big players are using the lucrative 

framework of smart cities for the expansion of digital consumerism, which paradoxically does not lead 

to a sustainable growth. Instead, this technological growth tend to disadvantage those with less 

purchasing power, reducing digital inclusion and making the city less resilient in facing future social 

and climate risks (JViitanen & Kingston, 2014). 

Under the PhD student’s point of view, a city will only become smart if it is resilient, and to get there 

we will need to use the technology in a smart way, and not only for the sole purpose of using it (or 

having it). Without a proper long-term strategy that answers the question “Why do we need smart 

cities?”, we will just be adding tools and modules to our cities as if they were the extended version of a 

traditional city. We can have a smart city where everybody (and everything) is interconnected, where 

the streets are full of sensors, with our fridges able to forecast how many eggs we will need to buy, and 

where all the cars will be shared, electric and autonomous. However, if this city is not able to cope with 

a pandemic, with a flooding event, or with a terrorist attack, it will not be resilient. The smart city is not 

the goal, but the mean to reach resilience, sustainability, and equity. 

 

2.4.3 Modelling techniques applied to urban resilience 

 

We have previously seen (section 2.3.1 and in Figure 4) that modelling and simulation techniques are 

currently being used to improve and optimize urban logistics within urban areas. However, with respect 

to urban resilience, the research on simulation or modelling techniques is very limited.  Between 2016 

and 2019, for example, less than 3% of the Scopus-indexed papers on urban resilience were related to 

modelling and/or simulation techniques (most of them focused on disasters, especially flooding events). 

This is an indication that the area of urban modelling applied to urban resilience is relatively new.  

In the past years, most of the studies have aimed at developing frameworks, qualitative analyses, and 

conceptual structures around urban resilience. These approaches are usually based on assumptions that 

are difficult to put into practice, as they are mainly theoretical and especially because they do not fully 

contemplate the particularities of each city, or of a city over time (Ribeiro & Gonçalves, 2019). 

Although conceptual frameworks are important to set a common scenario that makes it possible to 

understand what we are trying to analyse, it is also important to know how we are going to analyse it. 

That is why other researchers (Tyler et al., 2016) developed semi-quantitative indices to be used for 

urban planning and monitoring of climate adaptation interventions at the urban level. An example of 

this is the City Resilience Index developed by the Rockefeller Foundation (ARUP, 2020). However, 

these indices are static, and they cannot give us information on, for example, how a disaster will evolve, 

nor the flexibility to know what the best solution is at a very specific moment. This is partially solved 

with the latest quantitative approaches developed, especially the ones that use dynamic modelling 

(Datola et al., 2019). These dynamic models can provide more insights considering the city as a complex 

system defined by the interaction of different agents (residents, workers, government, etc.) with various 

subsystems (housing, transportation, etc.) in space-time dimensions.  
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Indeed, Brundermar et al. (2016) indicated that these dynamic techniques, especially agent-based 

modelling (ABM), can be a powerful tool for urban resilience, although most of the research on 

modelling applied to urban resilience use statistical modelling or other type of approaches, and only in 

a couple of cases agent-based simulation was used (Felsenstein & Mas, 2018). Through ABM it is 

possible to identify problems that need to be addressed by planners and policy makers in order to 

transform cities in resilient communities. One of the main benefits of ABM is the possibility to consider 

dynamic and collective behaviours when real-world tests are costly or impossible, although building 

very detailed models of urban areas is time-consuming and often these models need to be simplified. 

However, Brundermar et al. (2016) states that although ABM have been commonly used to model 

smaller scenarios such as music festivals or events, similar approaches can be used for resilience 

modelling at a larger scale.  

ABM in urban planning is not something new. There has been research in which ABM has been used 

to model flooding events (Dawson et al., 2011), earthquakes (Crooks & Wise, 2013), or terrorism (Park 

et al., 2012). However, this research has been mostly theoretical, presenting frameworks without a direct 

application or, when the study cases have been real, the models contained numerous simplifications and 

the area of study was very limited. 

But things have changed in the last years, and this topic has become more relevant for the research 

community. Recent events such as hurricanes Harvey and Irma  in 2017 (more than 200 fatalities, and 

tens of thousands of evacuees), the wildfires in Fort McMurray in Canada in 2016 (90,000 evacuees), 

the Ecuador earthquake in 2016 (650 fatalities), or the Oroville dam in California (200.000 evacuees) 

remind us that natural, technological and/or human-made disasters have a high cost in terms of lives 

and material losses, and have put the research community on a mission to create more resilient cities. 

With urban and transport planners currently developing new strategies to increase the resilience 

capacities of our cities, and with the new big data technologies being in place to build smart cities that 

allow capturing data in real time, large scale evacuation will be an important part of urban and transport 

planning in the coming years with the aim of building resilient and safer cities 

 

2.5  Summary of the articles selected. 

 
The previous sections have shown that the smart city research field is booming. However, the research 

community has been focusing on some specific areas such as Big Data, Internet of Things, or smart 

power grids, when others have been overlooked. This thesis brings light to some of the areas mentioned 

in the previous sections where research has been more limited but where there has been an increased 

interest in recent years:  

 

1) Optimization and modelling of delivery routes in urban areas making use of metaheuristics, 

modelling and simulation techniques, and Big Data, and  

2) Modelling of evacuation processes in urban areas making use of agent-based simulation.  

https://www.sciencedirect.com/topics/social-sciences/cyclones
https://www.sciencedirect.com/topics/nursing-and-health-professions/immunoradiometric-assay
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Figure 9. Focus areas of this doctoral thesis circled in black, showing their connection with other fields related 

to smart cities. 
 

A summary of the articles listed in Part 3 of this thesis is shown below. 

 

-  Article 1: Alvarez P., Lerga I., Serrano A., Faulin J. (2017) Considering Congestion Costs 

and Driver Behaviour into Route Optimisation Algorithms in Smart Cities. In: Alba E., 

Chicano F., Luque G. (eds) Smart Cities. Smart-CT 2017. Lecture Notes in Computer 

Science, vol 10268. Springer, Cham.  

Congestion costs have been excluded from the study of traditional vehicle routing problems until very 

recently. However, with our urban areas experiencing higher levels of traffic congestion, with the 

increase in on-demand deliveries, and with the growth of intelligent transport systems and smart cities, 

researchers are raising awareness on the impact that traffic congestion and driver behaviour has for 

urban logistics. This paper studies the evolution of the vehicle routing problem, focusing on how traffic 

congestion costs and driver behaviour effects have been considered so far, and analysing how the 

research community has to deal with this challenge. 

- Article 2: Alvarez P., Lerga I., Serrano A., Faulin J. (2018) The impact of traffic congestion 

when optimising delivery routes in real time. A case study in Spain. In: International Journal 

of Logistics Research and Applications, 21:5, 529-541.   

This paper studies the importance of considering congestion costs when optimising delivery routes. 

Through the analysis of two study areas (the region of Catalonia and the city of Barcelona, in Spain), 

four different scenarios have been implemented and compared in which different objective functions 

are minimised: Euclidean distance, real distance, real time with static congestion, and real time with 

dynamic congestion. The data have been collected from Google Maps, which allows us to obtain 

information on traffic conditions in real time. The results indicate that minimising real time considering 
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congestion as a dynamic attribute which varies throughout the day is the most efficient method to 

optimise delivery routes, especially within urban areas. For the two study areas, and using this dynamic 

approach in which real-time congestion costs are reflected into the vehicle routing problem, savings in 

time up to 11% have been obtained. 

- Article 3: Alvarez P., Serrano A., Faulin J., Juan A. (2018) Using modelling techniques to 

analyse urban freight distribution. A case study in Pamplona. In: Transportation Research 

Procedia, 33, 67-74.  

The city of Pamplona, in Spain, is currently experiencing several changes regarding sustainable 

mobility such as pedestrianization of some streets in the city centre, and access control to the Old Town 

for motor vehicles through the use of automatic number-plate recognition. However, some groups 

including local neighbours and businesses are raising complaints as they are being affected by these 

measures. This is also the case for couriers and logistics companies which have now to comply with 

new regulations regarding delivery routes throughout the Old Town. This paper will present a 

comprehensive study of the situation that is being carried out, and in which social perceptions and 

freight traffic patterns in the Old Town of Pamplona are analysed to understand how urban freight 

distribution could be improved in the area. For this purpose, we make use of a survey-based research to 

the stakeholders, i.e. pedestrians, logistics companies, retailers, and authorities of Pamplona. Results 

highlight pollution derived from transportation, lack of parking spaces as well as invasion of public 

spaces in the city centre are the key issues for improving freight transportation in the Old Town. Finally, 

placing a distribution centre in the nearby and the promotion of the cycle logistics are seen as the future 

of the urban distribution in Pamplona. 

- Article 4: Serrano A., Alvarez, P., Lerga, I., Reye, L., and Faulin, J. (2017). Pricing and 

Internalizing Noise Externalities in Road Freight Transportation. In: Transportation 

Research Procedia, 27: 325-332.   

People living close to main roads may suffer from the nuisance of traffic and noise pollution. This paper 

assesses the effect of full routing cost in vehicle routing decisions by internalizing the external cost of 

noise. On a first step, noise externalities are economically assessed through a contingent valuation 

procedure. Secondly, a novel methodology is proposed to allocate the external costs to the road network 

links. Results show significant differences in routing planning depending on the approach: minimization 

of traditional internal cost versus minimization of full cost. These results encourage further research in 

pricing and methodologies to internalize externalities. 

- Article 5: Alvarez P., Serrano A., Faulin J.  Is time more important than distance to optimize 

freight delivery routes? An approach using the value of time. Submitted to Transportmetrica 

B: Transport Dynamics.  

Traditional approaches to optimize freight delivery routes are based on minimizing a distance-based 

cost function. New approaches use also time as the objective function to minimize. However, the trade-

off between time and distance is sometimes unclear. This paper presents a new approach to optimize 

delivery routes in which both time and distance are used together to optimize delivery routes. For this 

purpose, the operating cost of a vehicle and the value of time have been used to convert time and 

distance into monetary units. Through the study of three different networks in Spain with different level 

of detail (the region of Catalonia, the city of Barcelona, and the old part of Pamplona), the results have 

indicated that minimizing both time and distance provides better results than the traditional approach, 

especially at a local level where congestion effects are more relevant. 
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- Article 6: Alvarez P., Alonso V. Using microsimulation software to model large-scale 

evacuation scenarios. The case of Sangüesa and the Yesa dam collapse. In: Safety Science, 

106, 10-27.  

The use of computer models to analyse evacuation scenarios and human behaviours in emergencies has 

greatly increased due to their capabilities to simulate these processes. These models have been 

commonly applied to different types of infrastructures in isolation, and little is known about their use 

for large-scale evacuation. This paper explores the capabilities of micro-simulation tools for modelling 

large-scale evacuation, and also presents the development and application of a computer based large-

scale modelling tool. A novel methodology is proposed here in which different sub-models are 

connected to represent the different levels of the evacuation scenario. The methodology has been 

applied to a real case study: a small town in Spain, Sangüesa, which is in risk of flooding as a 

consequence of a potential collapse of the Yesa dam. The inputs used were taken from survey data, 

census data, plans of the town, data obtained from the emergency plan, data from other research studies 

(flooding models and acoustic models), and a literature review process on human behaviour in 

emergencies. The study was focused on the evacuation scenario at night (2:00 AM assuming the 

majority of residents are sleeping) as one worst-case scenarios. Four scenarios were developed in order 

to analyse the impact of (1) two preevacuation time distributions identified for residential evacuation at 

night and (2) group behaviours (with and without) during the evacuation process. Results showed that 

the time needed to evacuate the whole town (between 33 and 44 min) is not sufficient, as in case of a 

dam collapse the water could reach Sangüesa in about 23 min. 

Apart from the above articles selected, in the Appendix (section 5.2) a work in progress article 

(Article 7) is included whose title is “Modelling and simulation of last mile deliveries using the VRP 

in urban areas”. This article, currently under review, presents a new approach in which the vehicle 

routing problem is intertwined with modelling and simulation techniques in order to analyse different 

urban scenarios. The methodology presented in this paper will provide a new tool that can be used by 

different stakeholders; by logistics companies to optimize delivery routes in real time considering 

existing conditions in the network, and also by transport planners and policy makers to understand how 

transport and urban policies (pedestrianization, traffic bans, incentives for cyclelogistics, etc.) will 

affect freight distribution in our city centres. This approach is flexible and adaptive (for different use 

cases in different cities), scalable (improved and more complex algorithms can be installed), and ready 

to be used in the smart city context, where sensors can provide real-time information to feed the models. 

Figure 10 shows a diagram with the recommended order in which the articles should be read. We can 

see the connections between the different articles and the main topics (transportation, logistics, urban 

planning, resilience, and big data).  
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Figure 10. Recommended order in which the articles should be read. 
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4.1 Research objectives 

 
Considering the state of the art described in Part II and the current limitations in the field of smart cities, 

urban logistics, and urban resilience, the research objectives of this thesis are the following: 

- To analyse the existing bibliography to date regarding smart cities, focusing on the main 

problems the research community is facing with respect to urban logistics and urban resilience.  

- Regarding urban logistics: 

o To review the bibliography on how traffic congestion affects the distribution of goods, 

especially in urban areas. 

o To develop a VRP (Vehicle Routing Problem) model to understand how traffic 

externalities (especially time lost due to congestion) affect the optimization of logistics 

routes, both at regional and urban level. 

o To intertwine the use of the VRP, simulation and modelling techniques and big data 

applied to urban logistics to help city planners and authorities to make decisions on 

transport policies (CO2 emissions, cyclelogistics, pedestrianisation of city centers, etc.). 

o To study, through surveys, different opinions from inhabitants, businesses, distribution 

companies and authorities regarding the use of cyclelogistics or electric vehicles for 

last-mile distribution. 

- Regarding urban resilience: 

o To review the bibliography on how urban resilience is considered within the smart 

cities field, to understand the areas that are not fully developed. 

o Focusing on disasters, to use agent-based simulation techniques to create a new 

methodology to model evacuation scenarios in urban areas so that public authorities 

have more tools to drive urban policies and to plan for more resilient cities. 

 

4.2 Methodology 

 
In order to achieve the objectives presented in section 4.1, this section presents the methodology the 

author has followed. It is important to note that each paper has a different/specific methodology, 

although in general terms they all follow the same approach that is summarized here.  

 

4.2.1 Literature review 

 

The first phase of the research involved an exhaustive review of the literature on smart cities, covering 

the two main study areas of this doctoral thesis: urban logistics, and urban resilience. In order to have a 

broad view of the main research interests of the research community, the areas in which the research is 

still limited, and the key limitations researchers are facing, keywords maps were created through the 

software VOSviewer using bibliographic data from Scopus. After the analysis of the areas that are 

gaining in prominence during the last years, the author could see that within urban logistics and urban 

resilience there are some that could be further developed, especially with respect to the use modelling 

and simulation techniques to consider traffic congestion. For the specific case of urban logistics and 

VRP approaches, an index (ROPAC) was defined which was applied to each paper analyzed in order 

to focus on  the most relevant ones considering its relevance, originality, practicality, age, and 

continuity. After having reviewed the most relevant articles regarding route optimization in urban areas 
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considering congestion (for urban logistics), and evacuation modelling (for urban resilience), it was 

possible to set the next steps needed to further improve these models. 

Figure 11. Screenshoot showing the software VOSviewer, used during the literature review process 

 

4.2.2 Model design 

 

The second phase of the research was the model design. The starting point to design the models was to 

lock at the current models and algorithms already used by other researchers as already mentioned in 

Part II. After understanding how those models work, improvements were added in order to get insights 

that allowed us to reach the objectives. However, every paper or research task required specific models 

adapted to each circumstance and scenario. More details on the specific methodologies for each paper 

can be seen in Part III. Here, only a brief summary will be given, differentiating between the field of 

urban logistics, and the area of urban resilience.  

1.1 Urban logistics 

To analyse how different variables (congestion, CO2, etc.) affects route optimization within urban areas, 

the following approach was used. Each model consists of four main components (see Figure 12), 

although as already mentioned depending on the specific characteristics of each scenario the model may 

vary.  

The first component is the instance generator, which was done through a Visual Basic program (created 

ad-hoc for this research). Through the instance generator, different simulation runs could be performed 

selecting different depot locations, client location, demand, starting time of the route, etc. 

The second component is the network model, which was done through QGIS. In this network model, 

the topology of the network is defined: links, nodes, distances, speeds, etc. This network model is not 

only used for visualization purposes, but the tables from QGIS contain all the information on the 

network topology needed to run the model. 

The third component, built in JAVA, downloads the data from the Google Maps API, although 

connection with other big data sources could be created. These data re used in each link of the network 

model. 
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Finally, the fourth part, also programmed in JAVA, integrates the previous components, generating 

instances and running the VPR algorithms in the selected networks. In this thesis, as already seen in 

Part III, the Dijkstra, Clarke and Wright, and Tabu search algorithms were used.   

These four components are connected through a Visual Basic program also run from the instance 

generator. 

 

Figure 12. This figure shows an algorithm of a typical model used in this thesis to analyze urban logistics.   

 

1.2 Urban resilience 

For the specific case of evacuation modelling, an agent-based model was used. After getting all the 

inputs needed for the models (both from the literature and from different data collection exercises), 

three different sub-models were created (see Figure 13) and connected to model a large-scale evacuation 

scenario. This methodology has been completely new in this research field. More information and 

details on this methodology can be found in the article embedded in Part III.  

 

Figure 13. New methodology created for large-scale evacuation modelling using interconnected submodels.  
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4.2.3 Scenario design 

 

With the models defined and prepared to be fed, it was time to design the scenarios that were going to 

be modelled and analyzed. Again, here, for each paper, the scenarios modelled were different, but, in 

all the cases we needed to answer the following questions: What are we trying to solve here? Where? 

At what level (urban or regional)? Which variables are involved? How can we model it without losing 

information?  

In each research task, the answers to these questions were different.  It is not the same to analyze whether 

congestion affects more at urban level or at regional level (for which different networks at a different 

zoom are needed; Figure 14), to analyze how cyclelogistics affects urban deliveries in the Old Town of 

Pamplona (for which a more detailed model is needed), or to model a large-scale evacuation scenario 

in the city of Sangüesa (for which the details need to be at the level of microsimulation models; Figure 

15).  

 

Figure 14. Different scenarios modelled to understand whether congestion affects more at urban level in the route 

optimization processes.  

 

Figure 15. Scenario to be applied to an agent-based microsimulation to analyze large-scale evacuation scenarios. 

 

4.2.4 Data collection 

 

Data collection is one of the key aspects of the models as the network is defined by different variables 

(time, distance, speed, etc.) that need to be inserted. Although for some models random data points were 

used, in other cases the inputs used were real. The different methods for data collection that have been 

used in this thesis are: 
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- Google Maps API to get data in real-time (times, distances, etc.). This was used to consider 

dynamic congestion effects in some VRP papers. This task was integrated in the model, as 

through a Java program the data could be downloaded from the servers.  

- Traffic counts. For the specific model of the Old Town of Pamplona, manual traffic counts 

were performed to know the number of vehicles entering the Old Town.  

- Speed measurements. Related to the above, speed of vehicles were taken to be able to calibrate 

the models.  

- Route tracking. For the same purposes, we tracked real vans and trucks doing the deliveries 

to be able to calibrate the model, also checking how much time it took. 

- Surveys to know the perception of businesses, neighbors, and logistics companies 

regarding cyclelogistics, electric vehicles, and other aspects related to urban logistics. 

- Surveys to understand the perceptions and attitudes people would have during an 

evacuation scenario in Sangüesa. This was needed to feed and calibrate the microsimulation 

model. 

- Measurements of buildings to be able to model them with an agent-based microsimulation 

software. 

- Interviews in two different companies (Txita and Oraintxe) to their managers to 

understand the perception of cyclelogistics companies in relation to urban logistics. 

- As mentioned, in other cases, model runs were performed using random demands, clients, 

and depot locations. 

 

Due to the complexity and the importance that some of the inputs had for the mode (for example, the 

ones related to the speed of the vehicles, or the data on how people would react during an evacuation, 

etc.), some of them had to be analysed through statistical methods before their application into the 

model. For this purpose, the software Minitab and R were used. 

 

4.2.5 Simulation 

 

With all the scenarios created, it was possible to run the model. Depending on the objective, the model 

was run in diverse ways. For the VRP research, the model created has a functionality to generate 

different random runs automatically in order to consider stochasticity effects, for example, changing 

the depot location, the number of clients, the starting times of the routes, etc. For the model of the Old 

Town of Pamplona, we simulated different what-if scenarios. Apart from generating different instances, 

we could use different networks (Old Town pedestrianized, some streets closed to traffic, etc.) and 

simulate them automatically. Finally, regarding evacuation modelling, a microsimulation software 

(Legion) was used to run the scenarios. See the different articles in Part III for more information about 

the model runs, 

 

4.2.6 Calibration and validation 

 

Although the calibration and validation exercises are not necessarily needed when the model is used to 

compare, for example, two theoretical approaches in which the scenario is not real, the situation is 

different when these models are used to model real scenarios. In these cases, we need to make sure the 
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model is reliable to represent the reality. For this purpose, it is important to calibrate and validate the 

model. The calibration and validation was used, for example, to model the Old Town of Pamplona, 

where we were able to track vans and trucks doing deliveries and we recorded how much time the whole 

delivery route took in reality. Before creating what-if scenarios, the model was calibrated using the base 

scenario to check that the modelled time was close to the real time recorded. In addition, we checked 

that routes given by the model were similar to real routes. With this calibration in place, we could assure 

that the model worked before applying it to what-if scenarios.   

 

4.2.7 Analyses 

 

Finally, the results are analysed. Each model run generates a .txt file (a log file) that flags possible errors 

during each model run; for example, if there is no possible route to reach a client because it is located 

in a inaccessible link. Therefore, we can control that all the results are reliable. Once this is confirmed, 

the results are imported into Excel for their analysis. The analysis usually consists in the comparison of 

the study variables between the different scenarios modelled. 

 

4.3 Final conclusions (English)  
 

This thesis explores different aspects of urban logistics and urban resilience that are especially relevant 

today due to the development of so-called smart cities. 

 

In Part II, we have seen how research on smart cities, although it is growing year after year, is generally 

limited to specific fields such as Big Data technologies, Internet of things or smart energy grids. There 

were almost 5,000 articles indexed in Scopus in 2019 related to smart cities, but only a minority of those 

articles addressed transportation and urban planning problem from a more social scale. Over the last 

decade, research has focused more on the tools needed to build smart cities (how we can build smart 

cities) rather than why we need to live in cities that are smart. It sometimes looks that we are not using 

technology in the right direction, or maybe we are using it in a selfish way just to meet our needs as 

individuals, but not as a society. In fact, although Part II has shown that there are many international 

and national organizations that are trying to promote more sustainable and resilient cities, the current 

industry is still focused on the technologies necessary for this purpose, so, in this sense we can say that 

we are still far from achieving smart cities that truly serve to create smart societies. This, for example, 

would explain why we have sensors in our buildings and houses to adapt the lights or the temperature, 

or in our streets to know where there are more parking spaces available, but it is still difficult to use this 

technology to create, for example, more resilient cities, or to optimize the distribution of goods within 

urban areas. Therefore, this thesis covers two main topics in the field of smart cities that, although 

relevant, are still little explored: urban logistics and urban resilience. 

 

First of all, we can start with urban logistics. As seen in the introduction, the transport sector employs 

10 million people in Europe, generates 5% of its GDP, and is responsible for 15% of the final cost of a 

product (European Commission, 2016). Taking into account the rapid population growth and the 

migratory movements from rural to urban areas, it seems clear that transport and logistics should be a 

fundamental part of the development of the smart cities, giving name to what is known as smart urban 

transport and logistics. However, as seen in Part II, in 2019 there were only 50 Scopus-indexed articles 

focused on smart logistics. 
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The true is that the approaches used to optimize delivery routes within urban areas have not changed 

much in recent decades. For example, logistics companies continue to optimize routes considering 

either experience or intuition, or algorithms that only consider distance or travel time. The problem is 

that with the increasing level of urbanization our cities are experiencing, congestion is becoming a 

major problem for logistics companies in charge of last-mile deliveries. In addition, the momentum of 

online shopping highlights the change in the route planning process: from the traditional methodology 

in which routes were planned in advance to the current trend in which the route must be established in 

real time and adapts taking into account actual traffic conditions, such as congestion, accidents or road 

closures. In fact, we have Big Data technologies available, but some logistics companies are not yet 

adapted to this new era where advance planning is becoming obsolete. And this lack of real-time 

planning associated with high dynamism has had its maximum exponent during the Covid-19 crisis, 

when areas, neighborhoods, cities, and countries have been closed overnight. And it is in this context 

of great competition when companies have had to demonstrate their supply and distribution capacity 

because, although the price war may be online, the final battle to satisfy the customer is won in the last 

mile. And, to win, we need tools more adapted to the changing and dynamic scenarios that are 

experienced every day. 

 

In this thesis, therefore, some of the current VRP optimization methods to optimize routes in urban 

areas have been analyzed. After understanding their weaknesses and possible opportunities, a new 

methodology is presented in which a dynamic and time-dependent VRP has been used so that delivery 

routes can be optimized considering real-time traffic congestion data collected, for example and in this 

case, from Google Maps. In this way, it has been seen that optimizing routes considering dynamic 

conditions in real time (congestion, accidents, etc.) allows reducing the route time by up to 11%, which 

implies significant savings for transport and logistics companies, which in the current context of fierce 

competition can be crucial. In addition, following the idea of using a dynamic VRP fed by real-time 

data, this thesis has also brought a new methodology that serves to analyze transport policies in relation 

to the distribution of urban goods that may be of great interest for the application within smart cities. In 

general, transport models and urban transport plans ignore the distribution of goods and focus more on 

public transport or private vehicles. In fact, there are many simulation tools to understand how traffic 

flows behave in different scenarios, and they are widely used to decide policies on urban planning and 

transport. However, the analysis of goods flows in the urban context is usually done using more 

qualitative techniques that, to a large extent, are based on intuition and past experiences. But, in this 

thesis, it has been seen that it is possible to create simplified models that intertwine optimization 

techniques (VRP) with modeling and simulation techniques to understand how different urban policies 

could affect the distribution of goods in our cities. Thus, analyzing a practical case in the city of 

Pamplona, we have demonstrated how public authorities can benefit from this new approach to adapt 

today's logistics activities to the future of smart cities, but also logistics companies can benefit, since 

with these new forms of optimization they will be able to compete in an increasingly complex and fierce 

market. And, in a world in which our cities are becoming smart, the tools we use to plan delivery routes 

have to be too. 

 

Apart from urban logistics, in part II it was also seen that most articles focused on smart cities are not 

focused on issues such as urban planning and urban resilience. While it is true that urban resilience is a 

relatively new field (compared, for example, with logistics), during the last decade there has been a 

great push by national and international organizations, which are sending a clear message that urges our 

metropolises to be designed in a way that they can adapt and recover from natural disasters, especially 

climate change. Therefore, it is somewhat worrying that most research on the topic of urban resilience 
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focuses on theoretical frameworks and methodologies that do not always have easy practical 

application. 

 

This thesis analyzes the evolution of the concept of urban resilience and focuses on a specific aspect: 

catastrophes and evacuation of population. Although there are many models and software to analyze 

how large groups of people can be evacuated, these models are usually used in certain infrastructures 

in isolation. For example, in train stations to model how people evacuate in case of fire, or in football 

stadiums to see if there will be capacity problems that could pose a risk to people, such as human 

avalanches. 

 

However, until now, these models had not been applied to urban areas as a whole, due, among other 

things, to the difficulty of designing these scenarios, modeling these behaviors, and collecting the data 

necessary to feed the models. Therefore, this thesis tried to shed some light on this topic and presents a 

new methodology that serves to model large-scale evacuation scenarios through the use of 

microsimulation tools and interconnected sub-models. This allows to represent the evacuation process 

of a populated area using all the power of these simulation tools, but in a simplified way by connecting 

different sub-models. The proposed methodology can be applied to large-scale scenarios (villages, 

neighborhoods, towns, cities) and the results can be used to highlight possible problematic aspects or 

deficiencies in urban centers that should be corrected to guarantee the safety of residents in case of 

evacuation. In this research, an agent-based simulation has been applied to a practical case in the city 

of Sangüesa (Navarra, Spain), where the evacuation of residents as a consequence of a collapse in the 

Yesa dam has been modeled. The results show that, in the event of a collapse, and in the best scenario 

(people know how to evacuate) only 69% of the population could evacuate in time. These results are 

very useful for public bodies, so that they can improve action plans and take the necessary actions to 

minimize risk. 

 

But, in addition, in a smart city, this evacuation model could be fed by real-time data: flows of people, 

occupation of buildings, rain, water levels in rivers or seas, probability of earthquakes, traffic, etc. In 

this way, at any time, simulations could be run to understand how prepared the city is for an eventual 

evacuation. With this, it could be known, for example, which are the most vulnerable areas that would 

suffer the most damage so that emergency services can be prepared if necessary, and plan evacuation 

processes in advance so that thousands of lives are saved. A smart city will only be so when it is also 

resilient. 

 

In summary, this thesis has investigated two important areas for our society, such as urban logistics and 

urban resilience, but which, until now, have not been widely studied from the point of view of smart 

cities. In this thesis, an analysis of the current situation in each of these fields has been performed, 

understanding what the current limitations are, and new modelling tools have been presented that can 

be used today to build the smart cities of tomorrow. 

 

4.4 Conclusiones finales (español) 

 
Esta tesis explora diferentes aspectos sobre logística urbana y resiliencia urbana que son especialmente 

relevantes hoy en día debido al desarrollo de las llamadas ciudades inteligentes.  

En la parte II se ha visto cómo la investigación sobre ciudades inteligentes, aunque está creciendo año 

tras año, generalmente se limita a campos específicos como las tecnologías de Big Data, Internet de las 
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cosas o redes de energía inteligentes. De los casi 5000 artículos indexados en Scopus en 2019, hay sólo 

una minoría de artículos que tratan de forma específica problema de transporte y urbanismo desde una 

escala más social. Durante la última década, la investigación se ha centrado más en las herramientas 

necesarias para construir ciudades inteligentes (en el cómo podemos construir ciudades inteligentes) en 

lugar de en el porqué de la necesidad de vivir en ciudades que son inteligentes. Esto hace que, a veces, 

pueda parecer que no estamos usando la tecnología en la dirección correcta, o tal vez la estamos usando 

de manera desordenada solo para satisfacer nuestras necesidades como individuos, pero no como 

sociedad. De hecho, aunque se ha visto en la parte II que son muchas las organizaciones internacionales 

y nacionales que están tratando de impulsar ciudades más sostenibles y resilientes, la industria actual 

aún está centrada en las tecnologías necesarias para tal fin, por lo que, en este sentido podemos decir 

que aún estamos lejos de lograr ciudades inteligentes que, de verdad, sirvan para crear sociedades 

inteligentes. Esto, por ejemplo, explicaría por qué tenemos sensores en nuestros edificios y casas para 

adaptar las luces o la temperatura, o en nuestras calles para saber dónde hay más espacios de 

estacionamiento disponibles, pero aún es difícil usar esta tecnología para crear, por ejemplo, ciudades 

más resilientes, o para optimizar la distribución de mercancías dentro de las áreas urbanas. Por lo tanto, 

esta tesis abarca dos temas principales del ámbito de las ciudades inteligentes que, aunque relevantes, 

aún están poco explorados: logística urbana y resiliencia urbana. 

En primer lugar, se trata el tema de la logística urbana. Como se ha visto en la introducción, el sector 

del transporte emplea a 10 millones de personas en Europa, genera el 5% de su PIB, y es responsable 

del 15% del coste final de un producto (European Commission, 2016). Teniendo en cuenta el rápido 

crecimiento poblacional y los movimientos de zonas rurales hacia zonas urbanas, parece claro que el 

transporte y la logística debe ser parte fundamental del desarrollo de las smart cities, dando lugar a lo 

que se conoce como transporte y logística urbana inteligente. Sin embargo, según se ha visto en la parte 

II, en 2019 apenas había 50 artículos indexados en Scopus centrados en logística inteligente.  

Y es que, los enfoques utilizados para optimizar las rutas de entrega dentro de las áreas urbanas no han 

cambiado mucho durante las últimas décadas. Por ejemplo, las empresas de logística siguen 

optimizando rutas considerando o bien la experiencia y la intuición, o bien algoritmos que solamente 

consideran, en su mayor parte, la distancia o el tiempo de viaje. El problema es que con el creciente 

nivel de urbanización que están experimentando nuestras ciudades, la congestión se está convirtiendo 

en un problema importante para las empresas de logística que necesitan hacer la entrega de última milla. 

Además, el impulso de las compras en línea pone de manifestó el cambio existente en el proceso de 

planificación de rutas: desde la metodología tradicional en la que las rutas se planificaban por 

adelantado hasta la tendencia actual en la que la ruta debe establecerse en tiempo real y se adapta 

teniendo en cuenta las condiciones reales del tráfico, como la congestión, los accidentes o el cierre de 

carreteras. De hecho, tenemos tecnologías de Big Data disponibles, pero algunas empresas de logística 

aún no están adaptadas a esta nueva era en la que la planificación anticipada se está volviendo obsoleta. 

Y esta falta de planificación en tiempo real asociada a un alto dinamismo ha tenido su máximo 

exponente durante la crisis del Covid-19, cuando de un día para otro se han cerrado zonas, barrios, 

ciudades, y países. Y es en este contexto de gran competencia cuando las empresas han tenido que 

demostrar su capacidad de suministro y distribución porque, aunque la guerra de precios pueda ser on-

line, la batalla final para satisfacer al cliente se gana en la última milla. Y, para vencer, se necesitan 

herramientas más adaptadas a los escenarios cambiantes y dinámicos que se experimentan día a día.  

En esta tesis, por lo tanto, se han analizado los métodos de optimización VRP existentes para optimizar 

rutas en áreas urbanas y, tras entender sus debilidades y posibles oportunidades, se presenta una nueva 

metodología en la que se ha utilizado un VRP dinámico y dependiente del tiempo, de forma que se 

puedan optimizar las rutas de entrega considerando la congestión del tráfico utilizando datos de 
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congestión del tráfico en tiempo real recopilados, por ejemplo y en este caso, de Google Maps. De esta 

forma, se ha visto que optimizar rutas considerando las condiciones dinámicas en tiempo real 

(congestión, accidentes, etc.) permite reducir el tiempo de ruta de hasta un 11%, lo que supone 

importantes ahorros a las empresas de transporte y logística, lo que en el actual contexto de competencia 

feroz puede ser crucial. Además, siguiendo la idea de usar un VRP dinámico alimentado por datos en 

tiempo real, esta tesis también ha traído una nueva metodología que sirve para analizar las políticas de 

transporte en relación a la distribución de mercancías urbana que puede ser de gran interés en la 

aplicación en ciudades inteligentes. Por lo general, los modelos de transporte y los planes de transporte 

urbanos ignoran la distribución de mercancías y se centran más en el transporte público o los vehículos 

privados. De hecho, hay muchas herramientas de simulación para entender cómo se comportan los 

flujos de tráfico en diferentes escenarios, y son ampliamente utilizadas para decidir políticas en materia 

de urbanismo y transporte. Sin embargo, los análisis de flujos de mercancías en el contexto urbano se 

suelen hacer mediante técnicas más cualitativas que, en gran parte, están basadas en la intuición y en 

experiencias pasadas.  Pero, en esta tesis, se ha visto que es posible crear modelos simplificados que 

entrelazan técnicas de optimización (VRP) con técnicas de modelado y simulación para comprender 

cómo las diferentes políticas urbanas podrían afectar la distribución de mercancías en nuestras ciudades. 

Así pues, analizando un caso práctico en la ciudad de Pamplona, se ha visto cómo los organismos 

públicos se pueden beneficiar de este nuevo enfoque para adaptar las actividades logísticas de hoy al 

futuro de las smart cities, pero también las empresas logísticas, ya que haciendo usos de nuevas formas 

de optimización serán capaces de competir en un mercado cada vez más complejo y feroz. Y es que, en 

un mundo en el que nuestras ciudades se están volviendo inteligentes, las herramientas que utilizamos 

para planificar rutas de entrega también tienen que serlo. 

Dejando de lado la parte de logística urbana, en la parte II también se vio que la mayor parte de artículos 

centrados en smart cities no están centrados en temas como urbanismo y resiliencia urbana. Si bien es 

cierto que la resiliencia urbana es un campo relativamente nuevo (en comparación, por ejemplo, con la 

logística), durante la última década ha habido un gran impulso por parte de organismos nacionales e 

internacionales, los cuales están enviando un mensaje claro y conciso que apremia a que nuestras 

metrópolis se diseñen de forma que puedan adaptarse y recuperarse de catástrofes naturales, 

especialmente del cambio climático. Por lo tanto, es algo preocupante que la mayor parte de 

investigaciones sobre el tema de la resiliencia urbana se centren en marcos teóricos y metodologías que 

no siempre tienen una fácil aplicación práctica.  

Esta tesis analiza la evolución del concepto de resiliencia urbana y se centra en un aspecto concreto: 

catástrofes y evacuaciones de núcleos de población. Se ha visto que, si bien existen muchos modelos y 

software para analizar cómo se pueden evacuar grandes grupos de personas, normalmente estos modelos 

se utilizan en infraestructuras concretas. Por ejemplo, en estaciones de tren para modelizar cómo evacua 

la gente en caso de incendio, o en estadios de fútbol para ver si habrá problemas de capacidad que 

puedan suponer riesgo para las personas, como avalanchas humanas.  

Sin embargo, hasta ahora, estos modelos no se habían aplicado a áreas urbanas en su conjunto, debido, 

entre otras cosas, a la dificultad que entraña diseñar estos escenarios, modelizar estos comportamientos, 

y recoger los datos necesarios para alimentar los modelos. Por lo tanto, esta tesis ha querido arrojar un 

poco de luz sobre este tema y presenta una metodología nueva que sirve para modelizar escenarios de 

evacuación a gran escala mediante el uso de herramientas de microsimulación y submodelos 

interconectados. Esto permite representar el proceso de evacuación de un área poblada utilizando toda 

la potencia de estas herramientas de simulación, pero de forma simplificada mediante la conexión de 

diferentes submodelos. La metodología propuesta se puede aplicar a escenarios a gran escala (aldeas, 

barrios, pueblos, ciudades) y los resultados se pueden utilizar para resaltar posibles aspectos 
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problemáticos o deficiencias en los núcleos urbanos que deberían subsanarse para garantizar la 

seguridad de los residentes en caso de evacuación. En esta investigación, la metodología de simulación 

basada en agnetes se ha aplicado a un caso práctico en la ciudad de Sangüesa (Navarra, España), donde 

se ha modelizado la evacuación de los residentes como consecuencia de una rotura en la presa de Yesa. 

Los resultados muestran que, en caso de rotura, y en el mejor de los escenarios (la gente sabe cómo 

evacuar) sólo el 69% de la población podría evacuar a tiempo. Estos resultados son de gran de utilidad 

para organismos públicos, de forma que puedan mejorar los planes de actuación y realizar las acciones 

necesarias para minimizar el riesgo.  

Pero, además, en una smart city, este modelo de evacuación podría estar alimentado por datos en tiempo 

real: flujos de persona, ocupación de edificios, lluvia, niveles del agua en ríos o mares, probabilidad de 

terremotos, tráfico, etc. De esta forma, en cualquier momento, se podrían hacer simulaciones para 

entender cómo de preparada está la ciudad ante una eventual evacuación. Con esto, se podría saber, por 

ejemplo, cuáles son las áreas más vulnerables que sufrirían mayor daño de forma que se puedan preparar 

los servicios de emergencia si fuese necesario, y planificar los procesos de evacuación con antelación 

de forma que se salvasen miles de vidas. Porque una ciudad inteligente sólo lo será cuando sea también 

resiliente. 

En resumen, esta tesis ha investigado sobre dos áreas importantes para nuestra sociedad como lo son la 

logística urbana y la resiliencia urbana, pero que, hasta ahora, no han sido muy estudiadas desde el 

punto de vista de las smart cities. En esta tesis se ha hecho un análisis de la situación actual en cada uno 

de estos campos, comprendiendo cuáles son las actuales limitaciones, y se han presentado nuevas 

herramientas de modelado que pueden usarse hoy para construir las ciudades inteligentes del mañana. 

 

4.5  Future lines of research 

 
A number of research lines remains open after the conclusion of this research. 

a) Regarding urban logistics and the VRP, it could be possible to adapt the methodology used in 

this thesis (heuristics) together with micro- or macro-traffic simulation software in which 

different variables such as distance, time, pollution, or noise can be analysed together 

(simheuristics). Also, these software can also have connection to real-time data.   

 

b) The model created for the VRP (article in progress shown in Appendix 5.2) could become a 

small software to be used by city councils and/or public organisms to drive transport and urban 

policies with respect to urban logistics, because usually transport modelling software does not 

consider freight (at least not with the level of detail given by a VRP). 

 

c) The model of the Old Town of Pamplona could be improved by adding real-time data from 

number plate recognition cameras which could give real-time insights about routes taken by 

vehicles, speeds, and route time amongst others. This could be used for the calibration of the 

base scenario.  

 

d) The survey implemented in Pamplona regarding urban logistics could be replicated in other 

cities in order to compare social perceptions towards, for example, cyclelogistics or electric 

vehicles. These data could be powerful for public authorities when driving new policies. 
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e) Regarding urban resilience, the evacuation model for Sangüesa is not validated because, as 

commented in the article, it is not possible (it would require a flooding event). Therefore, the 

city council of Sangüesa could organize drills to prepare the population, and these drills would 

be used to validate the model and get better insights for a better calibration process. 

 

f) The evacuation model for Sangüesa could be connected to other models and tools including a 

landslide model of the dam and a flooding model of the river. All the existing sensors in the 

dam could estimate the probability of the dam collapse and the existing level of water, and the 

sensors in the river could feed the evacuation model to know for example the areas of the city 

that would be affected.  

 

g) In addition, the evacuation model for Sangüesa could be fed by real-time data using on-street 

sensors to know where the population is or the occupancy levels in different parts of the city so 

that the authorities could know at any time how people would evacuate during an evacuation 

scenario. This would be a crucial support for emergency services, for example to know which 

roads to close, which areas will be the most affected, or where to send resources (ambulances, 

police, etc.) 

 

4.6  Contributions 

 
The research undertaken in this thesis has helped the research community to broaden the knowledge 

with respect to urban logistics and urban resilience. However, it is important to note the relevance this 

thesis has for the society as can be seen through the following contributions. 

With respect to urban logistics 

- The research undertaken in the Old Town of Pamplona was presented in 2017 to the councillor 

responsible for Mobility, and several meetings were hold to advise on how these models could 

be applied to improve freight distribution in the city of Pamplona. Unfortunately, due to a 

change in government, the priorities of the city council changed, and it was not possible to 

continue with the model application in real life.  

- Nevertheless, the models created through this thesis can be useful for the city council of 

Pamplona (and other city councils or public authorities), as well as for last mile operators to 

guide business decisions and future transport and urban policies.  

 

With respect to resilience and evacuation planning 

- The city council of Sangüesa, after having access to the results of the evacuation model, 

commissioned this author the preparation of a document called “Hoja de Ruta hacia el Plan de 

Evacuación de Sangüesa / Zangoza (PES)”. The objective of this document was to set the 

necessary steps to prepare an evacuation plan for the city of Sangüesa. The document was sent 

to the city council and to the Government of Navarra in October 2017. 

 

- On June 2018 the City Council of Sangüesa, as recommended by the document created by the 

author, created the working group on the evacuation plan in order to start working on the 

evacuation plan.  
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- The Ley Foral 20/2018, of December 24,  on the General Budgets of Navarra for the year 2019, 

includes the item 050007 02500 4609 134103 which is called “Agreement with the City Council 

of Sangüesa / Zangoza for the financing of the Evacuation Plan” which was endowed with 

145,000 euros (Figure 16). 

 

Source: 

https://gobiernoabierto.navarra.es/sites/default/files/03-anexo_gastos.presupuestos_2019.pdf 

 

http://www.navarra.es/NR/rdonlyres/3FE24EB9-8CE3-4BE3-9C4A-

5EE05B896AE7/442583/5Partidas1.pdf 

 

- With this budget, the City Council of Sangüesa commissioned a project to understand where 

the alarms should be placed. During 2020, the city council will commission the project to install 

the alarms in the urban area.  

 

 

Figure 16. Official communication announcing the agreement between the Government of Navarre and the City 

Council of Sangüesa. 

(Source:https://www.navarra.es/home_es/Actualidad/Sala+de+prensa/Noticias/2018/11/16/Protocolo+inundac

iones.htm)  

 

 

 

 

 

 

 

https://gobiernoabierto.navarra.es/sites/default/files/03-anexo_gastos.presupuestos_2019.pdf
http://www.navarra.es/NR/rdonlyres/3FE24EB9-8CE3-4BE3-9C4A-5EE05B896AE7/442583/5Partidas1.pdf
http://www.navarra.es/NR/rdonlyres/3FE24EB9-8CE3-4BE3-9C4A-5EE05B896AE7/442583/5Partidas1.pdf
https://www.navarra.es/home_es/Actualidad/Sala+de+prensa/Noticias/2018/11/16/Protocolo+inundaciones.htm
https://www.navarra.es/home_es/Actualidad/Sala+de+prensa/Noticias/2018/11/16/Protocolo+inundaciones.htm
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PART V. APPENDICES 
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5.1 Articles selected, quartiles, and impact factors. 
 

Here the articles selected for this thesis, including quartile and impact factor, are presented. When the 

PhD student was first author, he coordinated the research, developed the methodology, led the data 

collection and analyses, wrote the paper, and managed the submission and presentations in international 

conferences and seminars. In the one where he was second author (Article 4), he developed part of the 

methodology. 

 

JCR, as first author: 

 

Article 2: Alvarez P., Lerga I., Serrano A., Faulin J. (2018) The impact of traffic congestion 

when optimising delivery routes in real time. A case study in Spain. In: International Journal 

of Logistics Research and Applications, 21:5, 529-

541.  https://doi.org/10.1080/13675567.2018.1457634 

Impact Factor (2019): 2.152 (Q3); Impact Factor (2018): 2.828 (Q2)  

 

Figure 17. Impact Factor for International Journal of Logistics - Research and Applications (Clarivate 

Analytics) 

Article 6: Alvarez P., Alonso V. Using microsimulation software to model large-scale 

evacuation scenarios. The case of Sangüesa and the Yesa dam collapse. In: Safety Science, 

106, 10-27. https://doi.org/10.1016/j.ssci.2018.02.021.  

Impact Factor (2019): 4.105 (Q1)  

 

Figure 18. Impact Factor for Safety Science (Clarivate Analytics) 

https://doi.org/10.1080/13675567.2018.1457634
https://doi.org/10.1016/j.ssci.2018.02.021
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Non-JCR, as first author: 

Article 1:  Alvarez P., Lerga I., Serrano A., Faulin J. (2017) Considering Congestion Costs and 

Driver Behaviour into Route Optimisation Algorithms in Smart Cities. In: Alba E., Chicano F., 

Luque G. (eds) Smart Cities. Smart-CT 2017. Lecture Notes in Computer Science, vol 10268. 

Springer, Cham. https://doi.org/10.1007/978-3-319-59513-9_5. SJR (2019): 0.417  

 

Figure 19. Scimago statistics for Lecture Notes in Computer Science (Scimago) 

 

Article 3:  Alvarez P., Serrano A., Faulin J., Juan A. (2018) Using modelling techniques to 

analyse urban freight distribution. A case study in Pamplona. In: Transportation Research 

Procedia, 33, 67-74. https://doi.org/10.1016/j.trpro.2018.10.077. SJR (2019): 0.476 

 

 
Figure 20. Scimago statistics for Transportation Research Procedia (Scimago) 

 

 

As second author. The author of this thesis developed part of the methodology. 

Article 4:  Serrano A., Alvarez, P., Lerga, I., Reye, L., and Faulin, J. (2017). Pricing and 

Internalizing Noise Externalities in Road Freight Transportation. In: Transportation Research 

Procedia, 27: 325-332.  https://doi.org/10.1016/j.trpro.2017.12.059. SJR (2019): 0.476 

 

  

 

 

 

 

https://doi.org/10.1007/978-3-319-59513-9_5
https://doi.org/10.1016/j.trpro.2018.10.077
https://doi.org/10.1016/j.trpro.2017.12.059
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Sent for publication as first author: 

Article 5:  Alvarez P., Serrano A., Faulin J.  Is time more important than distance to optimize 

freight delivery routes? An approach using the value of time. Submitted to Transportmetrica B: 

Transport Dynamics. Impact Factor (2019): 2.214 (Q3) 

 

Figure 21. Submission to “Transportmetrica B: Transport Dynamics” 

 
Figure 22. Impact Factor for Transportmetrica B: Transport Dynamics (Clarivate Analytics) 

 

Work in progress / under review, as first author (see 5.2) 

Article 7:  Alvarez P., Serrano A., Faulin J., Lerga I. Modelling and simulation of last mile 

deliveries using the VRP in urban areas. Paper in progress. See section 5.2. 
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5.2 Article 7, in progress: Alvarez, P., Serrano-Hernandez, A., Faulin, J., 

Lerga, I. Modelling and simulation of last mile deliveries using the VRP in 

urban areas. 

 
Note: this article is still work in progress. 

INTRODUCTION 

By 2050, almost 70% of the world’s population is predicted to live in cities that are smart (United 

Nations, 2015), putting increased strain on urban infrastructure and transport systems. This population 

growth is leading to an exponential increase in the level of congestion within our metropolis (JRC, 

2012), which is producing, on the one hand, several negative externalities within our transport systems 

such as pollution, noise or accidents. On the other hand, the increased travel times caused by congestion 

creates transport inefficiencies that also affect urban logistic activities, which are a key sector for 

worldwide economics (European Commission, 2016). Considering that we live in the one-click era, 

where online shopping and on-demand deliveries are changing the way we understand logistics 

activities within urban areas, it is easy to understand that the way we deliver goods within our urban 

areas must change too.   

With the growth of e-commerce, the planning process of last mile deliveries is getting more complex. 

Nowadays, it is not always feasible to plan routes days in advance as the product demand, the driver 

availability, or the mode of transport (van, truck, trycicle…) is not always known. Urban conditions are 

also dynamic, and accidents, road closures, weather, and traffic congestion affect how routes are 

optimized. In general, companies plan delivery routes according to their experience, or following 

traditional approaches in which a distance-based cost function is minimized. However, considering 

traffic congestion and dynamic conditions of the urban network is important to better optimize delivery 

routes and get cost savings in a market that is fiercer every day. Although big logistics companies can 

build their own tools or buy software that allow them to optimize routes, small companies cannot always 

afford it, which leads to higher-than-optimal vehicle-kilometers due to their inefficient route planning 

(Jiang & Mahmassani, 2014).  

In parallel, sustainable urban mobility plans are defending the shift from the internal combustion 

engines vehicles to electric ones, although the massive use of these electric vehicles will not solve other 

problems that urban logistics is facing in our current cities: traffic congestion, accidents, limited access 

to our city centres and lack parking spaces (Boussier, Cucu, Ion, & Breuil, 2011). Therefore, public 

authorities are also trying to enhance the liveability of our city centres by limiting the access to motor 

vehicles, which adds a higher level of complexity to a scenario where cyclelogistics seems a potential 

solution for last mile deliveries. However, logistics activities are often forgotten in many urban and 

mobility plans (Hall & Hesse, 2013) (Dablanc, 2009). There exist modelling and simulation tools that 

help transport planners, for example, to understand how to better design public transport networks or 

how to reduce traffic congestion in some roads. Nevertheless, the modelling tools focusing on freight 

transportation are very scarce, and usually these do not have the required level of granularity 

(microscopic level) to assess how specific transport or urban policies will affect last mile distribution, 

especially nowadays considering, as mentioned before, the dynamism of the urban networks where 

everything is in constant change.  

Therefore, this paper shows a new approach in which the vehicle routing problem is intertwined with 

modelling and simulation techniques in order to analyse different urban scenarios. Through this 

methodology, an urban area can be modelled with nodes and links that have different real-time attributes 

(distance, travel time, congestion, CO2 emissions), and last mile delivery operations can be simulated 
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through an ad-hoc tool. The methodology presented in this paper will provide a new tool that can be 

used by different stakeholders; by logistics companies to optimize delivery routes in real time 

considering existing conditions in the network, and also by transport planners and policy makers to 

understand how transport and urban policies (pedestrianization, traffic bans, incentives for 

cyclelogistics, etc.) will affect freight distribution in our city centres. This approach is flexible and 

adaptive (for different use cases in different cities), scalable (improved and more complex algorithms 

can be installed), and ready to be used in the smart city context, where sensors can provide real-time 

information to feed the models.   

 

MODEL DEFINITION 

In order to simulate a logistics urban network with real-time information and where several scenarios 

can be run, the model developed in this paper consists of four main modules.  

1) The first module is the instance generator, which has been programmed in Visual Basic. 

Through the instance generator different simulation runs can be performed in two different 

modes: a random mode in which the variables (depot location, number of customers, customer 

location, demand, vehicle capacity….) are randomly generated, or a fixed mode in which the 

variables are predefined (for example to define a real situation) and in every simulation run the 

only variables slightly changing are the transit times (congestion) and service/stop times to 

consider stochasticity effects. With the instance generator it is also possible to select the 

scenario / network to run, the type of inputs used (real-time data or fixed data), the time of the 

day, the vehicle used, and the type of cost function to minimize (distance, time, gradient, 

CO2…). Furthermore, it is also possible to applied calibration factors (see section Model 

calibration). 

2) The second module is the network model, which is set in QGIS. Here, the topology of the 

network is defined using links and nodes. This network model is not only used for visualization 

purposes, but the table from QGIS contains all the information (attributes) for each link of the 

network which is needed to run the model (distances, travel times, gradient, etc.). 

3) The third module, built in JAVA, takes the real-time information data for each link of the 

network model using the Google Maps API. It would be possible to adapt this module to get 

the data from other sources (for example public data from the city council). Also, if the model 

is being run with fixed inputs instead of real-time data, for example, for a specific what-if 

scenario, this module does not run.  

4) The fourth and final module, also built in JAVA, integrates the previous modules, generating 

the defined instances and running the VPR algorithms in the selected networks that have been 

updated with the real-time (or fixed) attributes. Although it is possible to install different 

algorithms depending on the complexity required, in this model, the Dijkstra, Clarke and 

Wright, and Tabu search algorithms are used. First, the origin-destination (OD) matrix (with 

travel times) is generated and used by the Dijkstra’s algorithm to obtain the costs between the 

depot and all the customers. Then, the Clarke and Wright’s Savings algorithm (CWS) is 

implemented in order to obtain the best preliminary solution. This solution is the initial solution 

for the Tabu Search algorithm, which is run to improve the preliminary solution. This 

metaheuristic guides the local search heuristic algorithm to explore the space of solutions 

beyond local optima.  
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Figure 1 shows the model with its different modules. 

  

 

FIGURE 1  Diagram showing the developed model  

 

DATA COLLECTION 

Some of the inputs are needed to run the model as they are the attributes of each link of the model 

network (key inputs). However, other inputs are used for calibration and validation purposes and they 

do not directly feed the model (auxiliary inputs).  

The below list presents all the key inputs needed to run the model, although depending on the 

simulations to be performed, some of them may not be necessary.  

- Distance between two nodes. In this paper, it comes from Google data through the Google 

Maps API, although other sources could be used. 

- Travel time for each link, also obtained from Google. This input can be download in real-time, 

or from past or future scenarios depending on the scenario that is being analyzed. The difference 

between the travel time in free-flow conditions (for example at 2AM) and the specific time 

corresponds to the traffic congestion at that time. Other sources of information such as street 

sensors or other tools could be used. 

- Speed in each link derived from the travel time and distance, although it could be also obtained 

from street sensors.  

- Gradient, also obtained from Google. 

- CO2 emissions can be estimated also for each link using speed, distance, and gradient, although 

there are other methods that are more sophisticated, for example considering also the load of 

the vehicle in each link. 

In this paper, the above inputs are obtained automatically every time the model runs, and they also 

depend on the type of vehicle that is being modelled (truck, van, or tricycle). 
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As for the auxiliary inputs used for calibration and validation purposes, we have:  

- Speed measurements of trucks and vans performed in different parts of the network. For this 

research, speed was recorded in 4 different zones with a total of 15 different and representative 

links of the network.   

- Traffic counts to know 1) the number of delivery vehicles per day entering and leaving the 

delivery area (in this case, Old Town of Pamplona), and 2) how much time they drive within 

the delivery area. For this purpose, surveyors were placed in all the entrances and exits of the 

delivery areas, and the number of vehicles passing was recorded together with the time, the 

type of vehicle and the first four characters of the number plate. Figure 2 shows the template 

used by each surveyor. 

- Route tracking. 10 different trucks and vans were followed to track their route, measuring 

service time (the time taken to deliver the parcel once the vehicle has arrived to the destination), 

total travel time, and number of stops per route.  

To run the simulations, the demand was randomly generated (U[0,1]), and the capacity of each vehicle 

was set to 50 units. This could be manually set according to reality. 

 

FIGURE 2  Template designed to count delivery vehicles. 

 

NETWORK DESIGN 

In this paper, the model has been applied to the Old Town of Pamplona (Navarra, Spain). The reason 

to model this area of Pamplona is its saturated zone of shops and bars, with about 1,500 in 1.4 km² 

(ANET, 2015). Furthermore, the city council has been investigating the pedestrianization of some 

streets and studying how to change the way freight is distributed, therefore this model could be also 

useful for policy makers.  

The network has been delimited knowing where most of the last mile activities occur (ANET, 2015). 

The software QGIS has been used to model the network (see Figure 3). The network is composed of 

140 nodes and 390 links which give enough granularity for the purpose of the model. For every pair of 

nodes A and B there are two links A→B and B→A to consider bi-directional traffic. Each link has a 

table of attributes associated to it such as distance, travel time (depending on the hour of the day and 
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type of vehicle), and gradient. When a street (link) is unidirectional (for example, cars cannot go from 

A to B), the travel time for vans and trucks in A→B is set to infinity, whilst the travel time for bikes 

and tricycles is set to the real value, considering they can move in both directions. This gives us a great 

flexibility needed to model real scenarios. 

 

FIGURE 3  Network model of the Old Town of Pamplona . 

 

MODEL CALIBRATION AND VALIDATION 

Before applying the model to different scenarios, it is important to make sure that all the inputs used in 

the model are an accurate representation of the reality. This is especially important when big data (in 

this case, data from Google) is used to feed the models. Sometimes, the input extraction becomes a 

black box where it is difficult to know if the inputs used are correct or if there are mistakes in the code. 

However, the most important aspect to note is that big data might be biased or might not offer the exact 

data we are looking for. In our case, for example, it is difficult to know if the travel times obtained 

through the Google Maps API are car travel times (without considering freight vehicles), or all type of 

vehicles including freight. In either case, it would be wrong to directly use these inputs to model 

deliveries using vans or trucks. Furthermore, as it happens with other big data technologies used for 

transportation, it is possible that the algorithms behind are biased and not able to distinguish between 

vehicle type (Tolouei et al., 2015), and this is especially relevant in city centres where the speed of 

different transport modes are similar.   

Therefore, some of the attributes used in the model have been calibrated and validated using secondary 

sources of data. This calibration exercise would need to be done again if the model is used in a different 

city.  
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- Travel times. To calibrate travel times, speed measurements have been used. Speeds derived 

from the inputs from Google (distance and time for each link) have been compared with the 

speeds recorded in four different zones of the Old Town, in a total of 15 links with a total of 75 

records (5 records per link). In this specific case, we could see how the speed given by Google 

was slower than the one observer, therefore calibration factors were applied to the travel times 

of vans and trucks derived from Google, depending on the zone. This calibration exercise could 

have been done using data from induction loops or other sensors installed by the city council, 

but we did not have access to those. 

 

 
Table 1  Speed and travel time calibration 

 

- Clients visited per route. Although the number of clients visited per route can be randomly 

generated through the instance generator, it is needed to know the average number of clients 

served in a route. Several real delivery routes were tracked and recorded using bicycles to 

follow vans and trucks and having interviews with delivery companies to gather information 

on the type of routes they do. After this, we estimated that the average number of clients per 

route is between 4 and 12, so we applied this constraint in our model. The instance generator 

also allows to input a specific set of customers. This is useful is real cases need to be analyzed.  

 

-  Service time. The service time is defined in this paper as the difference between the time when 

the vehicle has arrived to a client, and the time when the vehicle leaves to the next client. It is 

the time needed to deliver the parcel once the carrier is with the client. Through a route tracking 

exercise, we saw that the service time in the Old Town of Pamplona is, on average, 6.6 minutes 

with a standard deviation (SD) of 5.35 minutes. The goodness of fit analyses performed with 

MiniTab showed that the service time follows a lognormal distribution with =1.6185 and 

=0.79452. This distribution (truncated) was inserted in the instance generator module, so this 

time has been added every time a client was visited. 

 

- CO2 emissions. In this model, a simplified estimation for the CO2 emitted has been used, 

although other formulas could be applied if the level of detail requires it. In this paper, the CO2 

g/Km emitted by diesel trucks (rigid, <7.5tn) in urban areas is 369.25, and for diesel vans it is 

287,14 g/Km (Oficina Catalana del Cambio Climático, 2011). This is in line with the data used 

by other researchers (Figliozzi, 2011).  

 

- Total route time. The total times of the simulated routes have been validated with real route 

times obtained from the traffic counts performed. Our records show that average time per route 

in the Old Town of Pamplona is 37.9 min which is in line with the results obtained. 

 

Speed (Km/h) Data from Google Observed data Calibration factor

average 11,0 16,1 1,5

SD 2,5 2,7

average 11,0 15,9 1,4

SD 3,8 2,3

average 11,4 13,6 1,2

SD 3,8 2,2

average 11,9 16,7 1,4

SD 3,7 3,3

Zone 1

Zone 2

Zone 3

Zone 4
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SCENARIOS  

To test this model, the following scenarios have been designed: 

- Scenario 1. Vans and trucks vs. tricycles. In this scenario, we compare urban deliveries using 

vans (subscenario 1A), and using tricycles (1B).  Motor vehicles have traffic restrictions in 

some streets of the Old Town of Pamplona, and in all of them they can only travel in one 

direction. On the other hand, tricycles or bicycles can use all the streets in all directions, 

therefore the goal is to see if time reduction is relevant if cyclelogistics is used, and how much 

CO2 could be saved. 

- Scenario 2. Traffic bans (pedestrianization) in some streets. Here, we compare the current 

scenario (2A), with a what-if scenario (2B) in which some streets are closed to traffic due to 

the pedestrianization of some streets of the Old Town. The goal is to understand how this urban 

policy would impact freight distribution. 

- Scenario 3. Depot location. We simulate two different scenarios in which the depot (urban 

microconsolidation platform) is located in a different place (3A and 3B). These depots location 

have been selected in this scenario as they are considered feasible options because i) they are 

close to the main dense activity area, ii) they have connectivity with the rest of the network, iii) 

there are parking infrastructures already in those locations that could be used for this purpose. 

In all the scenarios (except 3B) the depot used to run the simulations has been A. 

 Figure 4 below shows the different variations of the network in the different subscenarios.  

 

FIGURE 4  Network in the Old Town of Pamplona with the different subscenarios. 

Due to the versatility of the model, it is possible to model more scenarios, for example using CO2 as an 

objective function instead of time, using gradient (useful for cyclelogistics in places where gradient is 

a constraint) or adding new attributes to the links such as “population”, or “pedestrian density” so that 

we optimize routes considering how neighbourds and pedestrians are affected. This flexibility can be 
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of great help to both logistics companies and policy makers to plan business strategies and to guide 

urban and transport plans. 

 

SIMULATION AND RESULTS 

For each subscenario, the program simulates and runs 10 different random routes with 4 to 12 clients 

each. Each route was run 5 times to consider stochasticity effects (changes in service time, demands, 

etc.). Therefore, in total, each subscenario has been run a total of 50 times. Thus, Table 2 shows the 

average results for each scenario. 

  

  
Avg time per route 

(min) 

Avg CO2 emitted per 

route (Kg) 

Scenario 1A - vans 37.5 1.91 

Scenario 1B - cyclelogistics 22.1 0.00 

Scenario 2A - current network 36.4 1.74 

Scenario 2B - some streets closed to traffic 39.2 1.93 

Scenario 3A - Depot in zone A 35.3 1.65 

Scenario 3B - Depot in zone B 40.3 2.04 

Table 2  Simulation results 

As it can be observed for Scenario 1, if tricyles were used instead of vans, the average time per route 

would decrease by 41% (from 37.5min to 22.1min). This is in line with other studies, for example a 

simulation of DHL deliveres in Berlin that showed that using bikes instead of bikes could lead to a 

reduction in operating time of 58% (Zhang et al., 2018), or another study in Grenoble that showed that 

mileage can be reduced by 55% if cyclelogistics is implemented (Hoffman et al., 2017). Considering 

that the avg CO2 emitted per route in Kg in all the scenarios where vans are used is around 1.9Kg, and 

that our records show that there were around 694 vans entering each day in the city center, the CO2 

emitted by delivery routes in the Old Part of Pamplona is around 1.3 tons per day, or 483 tons per year. 

Although it is true that it is not possible to implement cyclelogistics in all the delivery routes (for 

example to deliver barrels, or very heavy materials, or refrigerated food), some studies show that bikes 

and trycicles could replace vans and trucks in up to 30% of the routes (Cairns and Sloman, 2019), 

therefore the potential to reduce emissions in the Old Town of Pamplona supporting cyclelogistics 

activities is huge. 

As for Scenario 2, we see that if some streets are pedestrianized, the time needed per route would 

increase by 8% and, as the distance travelled also increases, the CO2 emissions would be 11% higher. 

This shows that this model could be useful for public authorities, as sometimes some measures are taken 

without considering how they impact other sectors. For example, the pedestrianization of some strets 

could reduce traffic congestion, but in paralell this measure is pushing delivery companies to perform 

longer routes which, at the end, also increases emissions. 

Regarding Scenario 3, we see that the location of the depot (urban cosolidation center) is important as 

it directly affects distance travelled, time consumes, and emissions. Locating the depot in area B would 

increase travel time by 15%, and emissions by around 20%. 
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DISCUSSION AND CONCLUSION 

This paper shows how some heuristics algorithms can be intertwined with transport modelling and 

simulation techniques to create models that are not only useful for logistics companies, but also for 

public organisms to drive urban policies (Javier et al., 2019). This methodology composed of four 

different modules gives enough flexibility to simulate different scenarios under different variables, 

using real-time data taken from Google, or from other sources if necessary. It is also possible to simulate 

scenarios with random attributes (demands, clients, capacity, vehicles…) for example to be used in 

what-if scenarios, or with real ones in case a specific known scenario needs to be analyzed. Although 

we have applied it to the Old Town of Pamplona, the network can be built to represent different areas, 

and the model can be also calibrated and validated using secondary sources of data, which is critical if 

the tool is intended to be used to drive business or political decisions.  

In this specific use case of the Old Town of Pamplona, we have shown that bikes and tricycles could be 

more efficient that vans in this part of the city where distances are shorter and where the existing traffic 

bans in some streets affect deliveries with motorized means. Using bikes and tricycles in comparison to 

vans or trucks will not only reduce travel time, but will also have a positive impact on emissions.  Of 

course, tricycles are feasible if they are part of a network departing from an urban consolidation center. 

Therefore, this model has also analyzed how the location of this hub impacts urban logistics activities. 

Finally, we have demonstrated that this model can be used to drive urban and transport policies. In this 

case, we have modelled a scenario in which some streets are pedestrianized to understand the impact 

for delivery companies.  

Our cities are currently experience higher levels of traffic congestion, and public authorities are pushing 

to penalize motorized vehicles in city centres, for example through cordon charging schemes, by 

pedestrianizing some streets, by setting traffic bans in some streets, or by supporting green modes of 

transport like electric vehicles or bikes. In parallel, e-commerce is growing fast, especially after the 

Covid-19 crisis, which is increasing the need to access our city centers to deliver parcels. However, as 

seen in the introduction, logistics activities are often forgot in urban plans and transport policies, even 

when it is known that almost 15% of the traffic of a city is caused by logistics activities (Cairns and 

Sloman, 2019). Therefore, this paper presents a tool that could be useful to improve how logistics 

activities are planned in urban areas. 
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