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ABSTRACT 

 
Last-mile delivery has attracted considerable interest from the logistics suppliers and 

retail industry in the past few years. New technologies and approaches are being dis- 

cussed from experts’ to scholar’s sides. These trends should not stop, and the reason 

is the increase of electronic commerce and app-based ordering of almost everything, 

from a pen to a car. Therefore, e-commerce requires a large capacity, speed, and fle- 

xibility in all its processes and operations. This study aims to investigate the literature 

and expectations of consumers and logistics providers in last-mile delivery regarding 

the alternative technologies available on the market. Hence, we conducted research 

structured in three papers to identify the main gaps found in the literature so far, aiming 

to extend the current literature and explore new alternatives. Our results showed that 

advances in last-mile delivery will depend on the capacity of logistics providers, retail 

companies, and consumers to align their expectations. It also observed the impact of 

COVID-19 on last-mile delivery services, revealing that do not cost does not showcase 

as a priority in the current scenario, indicating a possible new bias. 

 

 
Keywords: Last-mile logistics · City logistics · Urban freight · Parcel freight distribution 

· Electronic commerce · COVID-19. 
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RESUMO 

 
O last-mile (entrega na última milha) atraiu um interesse considerável dos provedores 

de logística e do setor de varejo nos últimos anos. Novas tecnologias e abordagens 

estão sendo discutidas por especialistas e acadêmicos. Essas tendências não devem 

parar, e o motivo é o aumento do comércio eletrônico e da compra de quase tudo por 

aplicativos, de uma caneta a um carro. Portanto, o e-commerce exige grande capaci- 

dade, velocidade e flexibilidade em todos os seus processos e operações. Este estudo 

pretende investigar a literatura e as expectativas dos consumidores e fornecedores de 

logística na entrega de última milha em relação às tecnologias alternativas disponí- 

veis no mercado. Para tanto, realizamos uma pesquisa estruturada em quatro artigos 

para identificar as principais lacunas encontradas na literatura até o momento, com o 

objetivo de ampliar a literatura atual e explorar novas alternativas. Nossos resultados 

mostraram que os avanços na entrega na última milha dependerão da capacidade dos 

fornecedores de logística, empresas de varejo e consumidores em alinhar suas 

expectativas. Também observou o impacto do COVID-19 nos serviços de entrega de 

última milha, revelando que o custo não se apresenta como prioridade no cenário 

atual, indicando um possível novo viés. 

 

 
Palavras-chave: Logística de Última Milha · Cidades Logísticas · Frete Urbano · Dis- 

tribuição de Frete de Encomendas · Comércio Eletrônico · COVID-19. 
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1 Introduction 

 
 
1.1 Background and statement of the problem 

In the new global economy, it is fair to say that logistics moves the world that 

is connected but at the same time it’s full of contrasts. Therefore, logistics has the role 

of making distances shorten to offer well-being to society. In this sense, Werner- 

Lewandowska & Kosacka-Olejnik (2018) emphasize that logistics has become a critical 

success factor for enterprises. 

Since ancient times logistics is critical. Ballou (2004) contextualizes that at the 

beginning of mankind the most necessary goods usually were not made close to the 

places where they were consumed, turning transportation of goods (part of logistics) 

essential ever since. Ballou (2004) states that logistics is the essence of commerce 

and contributes decisively to improving the general economic standard of living. 

Logistics has evolved from the original understanding of transportation, handling, 

and storage to an integrated approach, where it influences various areas of a company 

as well as the current cross-company perspective of managing supply chains, which 

also includes the last-mile delivery. Moreover, the trend of new technologies developed 

for transportation is growing exponentially due to the increase of online commerce 

and app-based ordering requiring a large capacity, speed, and flexibility from last-mile 

delivery providers. 

Urban and metropolitan development face well known challenges, such as con- 

gestions, mobility, access to urban roads, capillarity of transport, among others. In this 

context, the logistics of all types of flows is extremely necessary to avoid the in- 

terruption of basic services that depend on it. COVID-19, for instance, opened the way 

for the need for essential services, with the “stay home” behavior being the new modus 

operandi, hence, logistics services providers are struggling to meet consumers’ 

expectations. 

The concept of Logistics is academically broadcasted, nevertheless, its evolution 

of city logistics is not so much explored. Uckelmann (2008) says that it is reasonable to 

group the corresponding research and realize a common understanding, the definition 

must be flexible and adaptive, to incorporate future technological developments. Within 

the context of city logistics, a fundamental concern has been the last-mile delivery. 

Chen & Pan (2016) justify that the increase in consumption and the expansion of 

e-commerce made last-mile delivery a problem of transport and planning from the tra- 

ditional retailers and to the so-called e-retailers. They also point out that two factors are 

crucial to the success of last-mile: fast delivery and low-cost. However, e-commerce 
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stakeholders are complex and usually do not share the same interests causing an 

enormous challenge for city logistics operations. 

Faccio & Gamberi (2015) argue that part of city logistics’ aims is to identify ways to 

regulate access, circulation, and parking of private and commercial vehicles in urban 

centers. In addition to implementing unrestricted policies that may harm the prosperity 

of the city, economy, and local society. They point out that “harmonious growth” should 

be formed in urban areas. 

Despite the fact of Harrington et al. (2016) highlight that the network of key actors 

in the process is critical to the development of the entire network, the role of each one 

must be understood and taken into consideration from development to implementation 

of a better last-mile system. Their research confirms that these actors will have pros- 

pects, requirements, and different objectives besides having to relate to government 

structures to evaluate a solution of the last mile. 

The world is dramatically changing, the implications of the pandemic are far- 

reaching and signal a watershed moment for e-commerce, specially in Latin America. 

eMarketer (2020) estimates that 10.8 million consumers will make a digital purchase 

for the first time in 2021. This will bring the total digital buyer count to 191.7 million, 

or 38.4% of the region’s population ages 14 and older. It demands a robust last-mile 

delivery network. 

The challenges encountered open the door to new opportunities and innovation 

in the last mile sector. According to Meyer-Larsen et al. (2014), innovation is not just 

about daring business models or high technologies, but of efficient practices. Anchored 

on this concept, this research sheds light on the study of models and effective practices, 

capable of adding value to last-mile focused to the e-commerce sector. 

There is a gap in the literature concerning last-mile providers’ expectations, being 

difficult to understand the combined actions to solve the “last-mile issue” reported in 

the literature. Viu-Roig & Alvarez-Palau (2020) indicate that all this means that freight 

distribution and transportation companies have seen a sharp increase in their activities. 

However, they have found a serious obstacle along the way: the “last-mile”. 

For Shao et al. (2019) earlier efforts are devoted to city logistics and consequently 

last-mile, mainly because it is one of the costliest, least efficient and most polluting 

activities in the e-commerce economy according to previous literature. Cárdenas et al. 

(2017) explore the relevance of this discussion, by saying that the last-mile is a trade- 

off between internal costs, externalities, and the density of the deliveries. On the one 

hand, customer density is essential for achieving efficiency in the last-mile. In the urban 

areas, the density is higher and logistics carriers benefit from lower costs. However, the 

residents undergo more negative impacts such as congestion, noise, and emissions. 

Groß et al. (2017) highlighted that to perform cost-efficient and reliable deliveries poses 

a major challenge to city logistics LMD, due to the varying travel times in urban areas. 
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Aiming to contribute with the literature and explore the last-mile providers pers- 

pective, integrating with current literature, this study is composed of several reviews on 

city logistics, last-mile, urban freight distribution, and e-commerce concepts, trying to 

focus on Brazilian scenario, distributed in four articles to support literature expansion. 

This study is composed as follow: This brief introduction including the research 

problem, objectives (general and specifics), justification, and research structure; the 

next section will cover the literature review focusing on the last-mile, city logistics, Brazil 

overview, and e-commerce, followed by the presentation of methodology and results, 

finalizing with final considerations and future research proposal. 

 
1.2 Research questions 

This master-thesis raised five research questions, that aim to decompose the so 

called “last-mile issue” reported on the literature. For Moroz & Polkowski (2016) cities 

are created by clusters of people, which, on the one hand, promotes the development 

of transport infrastructure and communication network. On the other hand, placing 

numerous residents with the entire “life” infrastructure (jobs, transportation, commerce 

etc.) within limited space causes air pollution, noise, and other negative effects on the 

environment. The development of e-commerce also contributes to increasing the 

burden on the environment, in this sense, a delivery of a parcel to a recipient’s address 

results in high costs of logistics service (extended car route of a courier) and greater 

environmental pollution (higher emissions from the cars of transportation companies). 

This problem is referred to as “the last-mile issue”. 

Logistics problems of e-commerce directed towards retail recipients are concen- 

trated on the last stage of the delivery, causing problems known as last mile issue. 

Geographical dispersion of recipients demands the need to organize supplies in practi- 

cally every place of residence of the prospective customer. For the logistic operator it is 

related to the optimization of the place, the mode and the time of receipt of the parcel, 

the lead time, the average cost of delivery (de Souza et al., 2014; Moroz & Polkowski, 

2016). 

In this context this research presents the following questions: 

 
1. What are the last-mile stakeholders expectations? 

 
2. Is there a disproportional gap among last-mile stakeholders expectations? How 

do they compare? 

3. What operational challenges does the last-mile delivery impose on e-commerce 

retailers and last-mile logistics service providers? 

4. How many available technologies are connected with the last-mile delivery? 
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5. Is Last-mile delivery in urban centers a concern for logistics providers and e- 

commerce retailers? 

 
1.3 Objectives 

1.3.1 General objective 
 

The general aim of this study is to investigate last-mile delivery challenges in an 

urban center focused on retail e-commerce channels, also analyze the available solu- 

tions and technologies that can support improvements in this final stage of the supply 

chain from the point of view of last-mile delivery providers. 

 
1.3.2 Specific objectives 

 
This contribution adopts four specific objectives: 

 
1. To identify stakeholders of last-mile delivery; 

 
2. To explore the expectations gap between stakeholders; 

 
3. To investigate the challenges for last-mile delivery providers in urban centers and; 

 
4. To organize information about last-mile delivery technologies, allowing providers 

to choose the best alternative for e-commerce LMD in Brazil. 

 
1.4 Justification of the study 

The study is relevant due to the overload that the current models and systems of 

urban logistics, mainly last-mile delivery, are facing in urban centers. Looking at the 

city of São Paulo as our greatest example of a mega city. According to data from the 

Traffic Engineering Company (CET), the city of São Paulo has 7.4 motor vehicles for 

every 10 inhabitants, 8.6 million cars, motorbikes, buses, or trucks (CET, 2019). 

According to Junior (2008) due to the deficiency of the road system, urban move- 

ments have encountered great economic losses that reached BRL 500 million a year. 

Considering only the additional fuel expense and the waste of workers’ time urban 

cargo transportation represents one-quarter of the total traffic in a city. It is a reality that 

most societies have to deal with, otherwise economic activities would not exist. 

Therefore, the study of new approaches, technologies, and innovation that sup- 

ports urban centers’ growth is needed to ensure a harmonious development without 

disruption of the system. 
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1.5 Conceptual framework 

The master’s thesis structure is presented in Figure 1. 
 

Figure 1: Research structure 

 
References regarding this master thesis are cited at the end of the text and fol- 

lowed the Elsevier / APA (model5-names) adapted to the thesis model of the Univer- 

sidade Paulista - UNIP in Latex2e. The article’s references can be found themselves. 

These articles, as well as their references, are presented in the format of the congress, 

journal or submission format and they were produced using Latex2e or Microsoft Word. 
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2 Literature Review 

 
 
2.1 Last-mile logistics 

By definition, the last-mile is the last stretch of a business-to-consumer (B2C) 

parcel delivery to the final consignee who has to take reception of the goods at home 

or a cluster/collection point (Macharis & Melo, 2011). The last-mile delivery (LMD) is 

one of the most crucial steps of a successful supply chain. Everything leads to this 

moment – when the end consumer receives their product or service. Kull et al. (2007) 

argue that the past decade has seen a number of firms seeking to extend their supply 

chains directly to the end customer. Managing this portion of the supply chain – home 

delivery service for the customer – it has coined the “last mile” issue. 

Today, last-mile logistics denotes the last segment of a delivery process, which 

is often regarded as the most expensive, least efficient aspect of a supply chain and 

with the most worrysome environmental concerns. Order fulfillment can be the most 

expensive and critical operation for both the online and offline businesses of companies 

engaged in e-commerce (Lim & Srai, 2018; Xu et al., 2008). Commonly LMD is linked 

to online sales (e-commerce) concerns. 

Macharis & Melo (2011) identified five main problems related to LMD: (I) for home 

deliveries, the “not-at-home” syndrome is an important problem, which implies extra 

costs per extra kilometers and gas emissions; (II) door-to-door deliveries can create 

a high degree of “empty running”; (III) related to security when delivering a parcel if a 

signature is needed - This security problem can result in discussions between supplier 

and consignee; (IV) for some regions, the critical mass of goods is too small to generate a 

profitable and efficient routing plan; and (V) the fact that most of the door-to-door 

deliveries are done by small vans implies that the carbon footprint per kg is higher than 

that of transport by a bigger truck. 

Gevaers (2013) explains that the term “urban logistics” or “city logistics” are not the 

same as B2C last-mile logistics. The LMD of the B2C logistics chain can take place 

everywhere: at an urban environment, but also at rural areas. The difference is very 

significant. A brief review of city logistics is presented in the next section. 

 
2.1.1 Innovation on last-mile delivery 

 
According to Macharis & Melo (2011) when companies want to optimize their last 

mile by implementing innovative concepts, the most effective ideas will be those that 

focus/anticipate one of the five characteristics as follows: (I) Consumer service levels; 

(II) Security & type of delivery/reception; (III) Geographical area & market penetration; 
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(IV) Fleet & technology and (V) Environment. 

Some of recent innovative practices explore collect points, smart lockers, drones, 

and customized vehicles. Morganti et al. (2014) say that e-retailers consider that deli- 

very services are one of the fundamental factors that determine a consumer’s decision 

to shop with them and they have developed a wide range of services that offer, flexible 

hours, reduced prices, and fast deliveries. It justifies some of the new technologies and 

alternatives applied to LMD. 

Apart from home delivery services, automated parcel stations equipped with smart 

lockers, and pick-up points, which are stores providing parcel drop-off and pick-up ser- 

vices, are fast-growing solutions. The costs of those deliveries are lower than for home 

deliveries, and the risk of missed deliveries is avoided. These alternatives are offered 

by online retailers and provided by LMD providers, combining both consumer demand 

for flexibility and firms’ needs to optimize parcel distribution through consolidated ship- 

ments (Morganti et al., 2014). 

A more innovative option is starting to raise companies’ and researcher’s atten- 

tion: delivery robots. Chen et al. (2021) explain that the self-driving delivery robot is a 

promising kind of autonomous delivery mode, which can cover limited areas. Before 

the COVID-19 pandemic, the sight of robots delivering customers’ parcels would have 

seemed futuristic. However, Starship Technologies, the San Francisco based firm, is 

currently running a delivery robot service in the north of London. Earlier in 2020, the 

company has also launched this new delivery system in six new cities, including a gro- 

cery delivery service in Washington, D.C. The features of these robots are best suited 

for the last mile delivery in the context of city logistics, moreover, as robots may be a 

slow option to drive all the way from a distribution hub, it can be a good substitute of 

bike couriers, being used for instant deliveries in urban areas where delivery vans are 

inefficient. For Pani et al. (2020) the ongoing COVID-19 pandemic has created a surge 

in the public interest and demand for autonomous delivery robot, since it can provide 

contactless delivery, a highly sought-after service under the directives of social distan- 

cing. As a result, consumers, businesses, and governments have switched from being 

cautious beta testers into eager early adepts. 

On the other hand, Wang et al. (2014) argue that different last-mile delivery modes 

have different delivery efficiencies. Measuring the operation efficiency of each mode is 

fundamental for calculating its total cost. Hübner et al. (2016) discuss that innovative 

operational and logistical solutions must be developed to make home delivery and click 

& collect not only possible but profitable. 
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2.2 City logistics 

City Logistics (CL) is directed connected to urban center freight distribution chal- 

lenges. Taniguchi et al. (2001) recognized that urban freight transport plays a vital role 

in the sustainable development of cities. However, urban freight transport currently face 

many challenging problems, including high levels of traffic congestion, negative envi- 

ronmental impacts, high energy consumption, and a shortage of labor. Within these 

difficult conditions, freight carriers are also requested to provide higher levels of service 

with lower costs. For the authors, in response to these problems, a new area of trans- 

port planning has emerged called city logistics. CL is the process of totally optimizing 

urban logistics activities by considering the social, environmental, economic, financial, 

and energy impacts of urban freight movement. 

Bozzo et al. (2014) say that literature analysis of ex-ante models in city logistics 

showed a certain lack of detailed studies characterized by integrated approaches. For 

Rao et al. (2015) an advanced and well-developed city logistics system can hasten the 

rate of economic growth, reduce unnecessary transaction costs, enhance economic 

efficiency, improve the investment horizon, increase foreign direct investment, solve 

urban unemployment, and promote the development of the regional economy. 

Crainic et al. (2004) summarize CL goals as: (I) To reduce congestion and incre- 

ase mobility, (II) To reduce pollution and noise; Contribute reaching the Kyoto targets; 

Improve living conditions of city inhabitants; and (III) Avoid unduly penalizing the city 

center commercial activities such as not “deflating” them. In addition, Faccio & Gam- 

beri (2015) say that city logistics identify ways to regulate access, circulation, and the 

parking of commercial vehicles in urban centers and to implement policies without res- 

trictions that harm economic and social prosperity and are conducive to the relocation 

of economic activities and population. 

According to Taniguchi et al. (2001), the recent development of e-commerce also 

makes CL more important. There are two points to discuss the impacts on CL by 

the development of e-commerce: (I) E-commerce changes logistics activities by gi- ving 

a high priority to the demands of customers or consumers; (II) Logistics activities 

themselves incorporate e-commerce for matching the demand and supply of goods 

movement. The authors identified the Stakeholders, Figure 2, where a combination of 

private and public initiatives are necessary to achieve CL goals. Those different sta- 

keholders are one of the main challenges in accomplish CL goals, mostly because they 

diverge in their expectations not having a common ground. 

Anand et al. (2012) reinforce by saying these stakeholders belong to different parts 

of the CL domain and are closely connected to at least one component, but loosely 

connected to the whole domain. Although action by one stakeholder affects the whole 

domain, a stakeholder can influence only that part to which it is closely connected. 
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Figure 2: City logistics stakeholders. Source: Taniguchi et al. (2001) 

 

Despite all research in this field, the CL concept is far from reality. For van Duin & 

Quak (2007) the lack of national or regional bodies dealing with city logistics, as there 

exist for urban passenger traffic, is significant. Some scholars believe that CL is an 

utopia considering the real conditions of most urban centers around the world. 

 
2.2.1 Urban centers & urban distribution 

 
The urbanization process has been intensified in the twentieth century impacting 

both corporations’ strategies and population routine. According to Freitas & Martins 

(2018) in 1950, approximately 30% of the global population lived in cities. In 2007, for 

the first time in history, the urban population surpassed the rural population in the world. 

This means creating a structure capable of producing, storing, transporting, and 

maintaining the service level efficiently worldwide. Therefore, businesses needed to 

boost their logistic capabilities development, enhancing the coordination with their 

partners. 

Nonetheless, predictions indicate that more than two-thirds of mankind will be resi- 

ding in urban areas by 2050. By 2018, 55% population residing in urban areas and this 

number is expected to increase 68% in 2050 (United Nations et al., 2019). Therefore, 

managing urban areas has become one of the most important development challenges 

of the 21st century. Our success or failure in building sustainable cities will be a major 

factor in the success of the United Nations (UN) development agenda. (United Nations 

et al., 2019) The report notes that in 1990, there were ten mega-cities while in 2018, 

there were 33 mega-cities across the globe, with more than 10 million inhabitants, two 

of them located in Brazil - São Paulo and Rio de Janeiro. Of today’s as per WorldData 

(2020) presents Megacities in 2018 and predict a scenario for 2030, Figure 3. 

There is an ongoing trend towards urbanization in the world. For Taniguchi et al. 

(2001) cities provide more attractive opportunities for employment, education, cultural 

and sports activities, etc. However, this leads to expanding urban areas and often ge- 



23 
 

 

nerates freight transport problems, due to a lack of appropriate urban logistics policies. 
 

 
Figure 3: Megacities in the world. Source: UNESCO (2021) 

 
It’s undeniable the concern with the urban center for logistics services providers, 

Meryem et al. (2019) emphasize that urban freight transport is a major challenge for 

transport companies as well as for local authorities. However, it generates several 

problems such as congestion, noise, and atmospheric pollution, which harm the quality 

of life of citizens and the performance of stakeholders. The authors point out that urban 

freight transport represents about 20% of the overall cost of the supply chain and about 

15% to 20% of the vehicles circulating in the city. 

For Crainic et al. (2004) the already significant volume of freight vehicles moving 

within city limits is growing and is expected to continue growing at a fast rate. Ma- 

jor contributing factors to this phenomenon are the current production and distribution 

practices based on low inventories and timely deliveries (the much talked about “just- 

in-time” paradigm) as well as the explosive growth of business-to-customer electronic 

activities that generate significant volumes of personal deliveries. The number of vehi- 

cles of all types is increasing fast and, therefore, congestion and pollution levels are 

increasing as well. 

Bozzo et al. (2014) understand that urban distribution is a complex system in which 

freight is moved on the same transportation infrastructure on which passengers travel. 

The complete problem of CL, from the end-consumer to the producer, has been rarely 
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addressed. In their analysis of urban freight transportation, two main freight move- 

ments were identified: end-consumer movements and logistic movements. Several 

actors are (directly or indirectly) involved in urban goods transportation, such as end- 

consumers, logistics, transport operators, and public administration. 

Cossu (2016) endorses the importance of urban freight transport role in the de- 

velopment of cities representing an element of great importance for the economic sys- 

tem, mainly distributing goods to retail, commercial establishments, offices, as well as 

homes urban freight transport, cannot be seen separately from other parts of the 

transportation chain. 

 
2.3 Brazil market overview 

Brazil is a continental dimension country, being the largest country in Latin Ame- 

rica and the Caribbean (LAC). With a population over 209 million people in 2018, more 

than 87% is located in urban areas (The World Bank, 2021). 

Brazil ranks 71st/ 141 globally in the last published Global Competitiveness Report 

by The World Economic Forum (WEF) - one position higher than the last assessment 

- and 8th / 22 in the LAC region. Economic growth is slowly picking up (2%) after 

the 2015–2016 recession; Brazil also fights against a high unemployment rate - 11.4% 

before COVID-19. According to Stankiewicz Serra et al. (2021), Brazil is also cha- 

racterized by extreme regional inequalities, which remind us the differences between 

developed and developing countries. Deprivations persist and remain substantially lar- 

ger in rural areas and the North and North–East regions of the country. 

Despite those non-encouraging figures, Brazil is considered an important emer- 

gent market. The competitiveness performance of the country is highlighted from a re- 

latively high innovation capability level (40th/141) and the size of its market (10th/141). 

On the other hand, regarding its macroeconomic stability Brazil fills position (115th/141), 

driven by applied tariffs (128th/141) and non-tariff barriers (135th/141); better security 

(132nd/141); excessively distortive taxation (136th/141) and sounder government sta- 

bility (130th/141) (Schwab & Forum, 2019). LAC countries are among the most requi- 

red to develop pillars of Infrastructure, Information and Communications Technology 

(ICT), and Innovation capacity, however, represents a substantial portion of the market 

size, Figure 4. 

Regarding logistics infrastructure, the last logistic performance index (LPI) from 

World Bank Arvis et al. (2018) ranked Brazil as position 56th/160th, with a 2.99 score. 

Getting attention among other LAC countries for a reasonable logistics and quality com- 

petence (46th/160th) and a good track and tracing rank (51st/160th), on the other hand 

customs has a very poor rank (102nd/160th) which implies directly in cross-border e- 

commerce aspects. 
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Figure 4: Region Performance by Pillar (0-100). Source: Adapted from World Economic Forum 

Analysis Schwab & Forum (2019) 

 
Analyzing Brazil’s data, Table 1, infrastructure score is slightly higher than the LAC 

average (61.3), differently, Innovation capacity is 43% higher than the LAC average, 

same for Market Size, where it is 80% bigger than other LAC countries, affirming that 

its market should be more broade, in terms of investment and research. 

Table 1: Brazil performance overview 2019. 

 

Score 

 
 
 
 
 
 
 
 
 
 
 

Source: Adapted from World Economic Forum Analysis (Schwab & Forum, 2019). 

 
In addition, dos Santos (2011) explains that in the next 20 years, the world’s eco- 

nomy will undergo enormous changes. Brazil has timidly and hesitantly begun its 

march toward economic development and global economic competitiveness. 

Pillar Brazil Rank Brazil Score 
LAC Avg

 
Best Score 

Country 

Overall 71 61 57 SGP 

Institutions 99 48 47 FIN 

Infrastructure 78 65 61 SGP 

ICT Adoption 67 58 51 KOR 

Macroeconomic Stability 115 69 74 33 countries 

Health 75 79 82 4 countries 

Skills 96 56 59 CHE 

Product Market 124 46 52 HKG 

Labour Market 105 53 56 SGP 

Financial System 55 65 60 HKG 

Market Size 10 81 51 CHN 

Business Dynamism 67 60 54 USA 

Innovation Capacity 40 49 34 DEU 
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2.4 E-commerce 

2.4.1 Historic evolution 
 

Mendes (2013) points out that the effective start of e-commerce became possible 

in 1991 when the Internet was opened for commercial use. The Internet is a network 

connected to other networks that are present all over the world. It is not managed by 

any organization or government; however, it operates within technical standards and 

protocols that enable it to operate with a global infrastructure. 

The Internet was the XX century most disruptive innovation that changed the world 

the most, in a glance (Mendonça, 2016). Table 2 summarizes the Internet history since 

1970 and is possible to notice that only between 1995-2000 Brazil steps into the 

Internet, with some pioneer companies launching their online commerce. 

Electronic commerce is only possible due to Internet development. Adam & Yesha 

(1996) initially defined electronic commerce (e-commerce) as the process of conduc- 

ting commercial transactions, which were done through various media such as paper, 

phone, and fax, electronically without prior arrangements. However, as the world was 

brought closer together by the Internet, more information becomes available in an on- 

line manner Adam & Yesha (1996) updated their concept, by saying that consumers 

were spending more time in the electronic medium, hence, e-commerce supports tra- 

ditional commercial models in which consumers acquire, analyze, and decide on their 

commercial actions as in the traditional case when certain aspects of their commercial 

decisions are supported electronically. Later, Hsu & Pant (2000) simplified the concept 

of business-to-customer, affirming that is essentially retailing on the Internet. 

May (2000) argue that e-commerce is a compact word for a wide array of inter- 

connected business concepts, technologies, and cultural phenomena. Poong et al. 

(2006) reflect that the term “electronic commerce” carries different meanings to diffe- 

rent people. For Turban et al. (2008) the meaning of the e-commerce concept has been 

changed. Initially, it was seen as a process of executing commercial transactions made 

in an electronic environment. But, with its development, the term e-commerce has 

come to be defined as the process of buying goods and services available over the 

internet, using secure connections and electronic payment services. 

Regarding Brazil, there is uncertainty about the first official e-commerce store. 

Nevertheless, some specialized websites referred to something between 1995-1996 

as the first online sale, it was a book store called Book Net (ComSchool, 2017). The 

commercial internet has been approved in 1995 by the Ministry of Communications - 

at that time the only government company and their subsidiaries - TELEBRAS. In 1998 

occurred the privatization process of the company, bringing new investments to expand 

Internet infrastructure services. Tigre (2003) points out that a poor telecommunication 

infrastructure was considered an important barrier for e-business diffusion. However, 
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Year Event 

Table 2: Internet history 

 
 

1970   EDI and EFT transactions were used by the banking sec- tor. 

1979 Michael Aldrich (1941 2014) invents the first online mall 

allowing electronic transactions with B2B and B2C. 

1981        British tourism company Thomson Holidays makes its first 

online transaction. 

1982 France Telecom invents Minitel, considered the most suc- 

cessful online service before the world wide web, users 

could make online purchases, train reservations and 

more through the Videotext service. 

1984 Jane Snowball, 72, Using the Gateshead SIS / Tesco System 

to become the first person to shop online from her own 

home. 

1987     First electronic commercial account. Swreg creates the first 

electronic business account that allows software de- 

velopers to sell online. 

1990        Tim Berners Lee writes the first internet browser using 

a NeXT NeXT3 computer, thus creating the World Wide 

Web. 

1991 The National Science Foundation (NSF) removes restric- tions 

on commercial use of the internet, paving the way for E 

commerce. 

1994      The first Netscape browser opens; New security means are 

implemented for online transactions called SSLSSL; 

Pizza Hut makes the first registered sale on the internet. 

1995-2000   The first product on Ebay is announced; Amazon starts its 

activities; Livraria Cultura, Lojas Americanas, Maga- zine 

Luiza were the pioneers in Brazil; Dell was the first 

company to earn USD 1,000,000 in online sales; Google 

is born. 

2002 eBay and Niche Retail begin the first duel between online 

stores 

2003 Facebook is born; eBay buys PayPal 

2006 Google buys YouTube 

2007      The internet reaches 1,018,057,389 of internet users in the 

world. Google Adwords surpassed 21 billion dollars. 

2008 Andrew Mason creates Groupon, the first collective pur- 

chasing site that became a fever years later. 

2009 Facebook surpasses the number of accesses by Google. 2010 

Mobile commerce appears. 

2012       Social commerce becomes a market trend. 

Source: Adapted from Mendonça (2016). 
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from 1998, when the telecom system was privatized, to 2000, telecom investments 

boosted to an average of 1.36% of Gross Domestic Product (GDP) a year, a percentage 

well above both Brazilian and Latin American historical levels back then. 

The World Wide Web technology enables people around the globe to engage in 

commercial activities without temporal and physical boundaries. Consumers prefer e- 

shopping towards in-store shopping due to the higher convenience that it offers them, 

such as more product information and choices, the ability to compare products and 

prices, and the potential to shop from any place at any time avoiding shopping trips. An 

important factor that determines the choice of e-shopping towards in-store shopping is 

the product type and value (Irakleous, 2018) 

 
2.4.2 Types of e-commerce 

 
E-commerce has other types of transactions besides business-to-consumer, Table 

3 summarizes the typical transactions, depending on the business model implemented, 

Mendes (2013) points out that types of e-commerce are a developing field, following 

market trends and new demands. Due to its relevance to this research, we will limit to 

shortly explain two types: business-to-business and business-to-consumer. 

Jovarauskienė &  Pilinkienė (2009) define the business-to-business model as a 

process of bargaining between enterprises’ bodies by Internet or other technologies. In 

other words, it is a model which business processes take place between two com- 

panies. Therefore, performing operations standard business models can be improved 

due to new technologies to reach higher efficiency. Assessing the application of new 

technologies (Internet) to trade business-to-business is defined as a deal between two 

parts, which is realized by Internet. 

Table 3: E-commerce types 
 

 Business Consumer Government Peer 

Business B2B B2C B2G B2P 

Consumer C2B C2C - C2P 

Government G2B G2C G2C - 

Peer P2B P2C - P2P 

Source: Adapted from Mendes (2013). 

 
Nemat (2011) affirms that the "business-to-business"term was originally coined to 

describe the electronic communications between businesses or enterprises in order to 

distinguish it from the communications between businesses and consumers (B2C). It 

eventually came to be used in marketing as well, initially describing only industrial or 

capital goods marketing. Today it is widely used to describe all products and services 

used by enterprises. Mendes (2013) highlights that the use of electronic means, such 
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as the internet and e-commerce, between companies is a natural tendency since it 

brings benefits, such as costs reduction in orders placement and price of raw materials, 

greater agility in the selection procedures of suppliers and buyers and, therefore, allows 

the reduction of errors in these processes, among other benefits. 

Business-to-consumer (B2C) is defined by Jovarauskienė & Pilinkienė (2009) as 

bargains between business organizations and individual consumers, which are made 

directly or invoking information nets. The main principle of this business model is con- 

nected with the efforts, which the company makes in order to give complete necessary 

information about its products or services to present or potential consumers, allowing 

them to order goods, pay for them, and expect future services. This model is used by 

traditional and electronic businesses and is usually connected with retail trade. Mendes 

(2013) explains that in this e-commerce model, interaction is established between the 

organization (business) and the final customer (consumer). They are online companies 

selling services, products, and information directly to the final consumer. 

 
2.4.3 Current and future scenario 

 
In 2020, worldwide retail e-commerce sales were responsible for USD 4.208 trillion 

and it is expected to reach USD 6.388 trillion in 2024. Despite the fact of a challenging 

year for retail in 2020, worldwide retail e-commerce sales grew 27.6% (eMarketer, 

2020). Figure 5 illustrates the percentage of e-commerce sales growth, where the LAC 

region stands out, with 36.7% growth in 2020. 

LAC led the world in retail e-commerce sales growth in 2020 (36.7%) and it was in 

second place in digital buyer growth (7.3%). For 2021 it is expected to ascend to No. 1 

in digital buyer growth and remain among the fastest-growing markets for retail e-

commerce sales (eMarketer, 2020). It endorses the huge economic impact of e- 

commerce in LAC, demanding other areas (such as LMD) to grow in concordance. 

Allagiannis et al. (2021) discuss that the advent of technology has affected every 

industry in some way and retail is one of the industries that has been heavily affected by 

innovative digital technologies. These technologies have blurred the lines between phy- 

sical and digital retail channels, presented the integration of online and offline channels 

in retail. As a consequence, e-commerce is drawing a new chapter: the omnichannel 

concept. Arslan et al. (2020) define omnichannel as the integration of online and offline 

channels in retail. 

Moreover, Allagiannis et al. (2021) highlight that the COVID-19 pandemic has for- 

ced many retailers to go digital due to European countries have been forced to go under 

lockdown for months. This situation has made the digitalization of retail even more ur- 

gent. During this shutdown, small and medium retailers who do not have an online 

presence suffered the most as all the shops and markets were closed for months. 
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Figure 5: Retail E-commerce Sales Growth Worldwide, by Region, 2020 (% change) Source: 

Adapted from eMarketer (2020) 

 
In agreement, e-commerce adoption has been growing rapidly in recent years, and 

in some advanced economies (as well as in China) its penetration could be appro- 

aching the saturation point among internet users. Thus, the surge in it generated by the 

pandemic served mainly to keep user growth rates and may create new trends. 
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3 Methodology 

 
 

The present study consists of exploratory and descriptive research of the last-mile 

delivery chain and it unfolds, through a qualitative and quantitative approach. It embra- 

ces different methods of research and analysis, which directs to the characterization of 

the LMD scenario and collaborates to explore solutions for the e-commerce segment 

considering the available alternatives in place. As per Morabito et al. (2021), the com- 

bination of methods allows the benefits of one technique to mitigate the disadvantages 

of the other, offering a more complete study. In addition, the exploratory research in- 

tends to investigate the subject to provide familiarization with the study problem, in this 

research e-commerce last-mile delivery challenges in urban distribution. 

 
3.1 Literature review 

For the literature review, scientific articles indexed in databases such as Scopus 

– Elsevier, Science Direct, Emerald, Wiley, Francis & Taylor, and others were used. 

Books, theses were also used, different data were collected in Brazilian and Internatio- 

nal databases Brazilian Federal Government (IBGE, CNT, Johns Hopkins Coronavirus 

Resource Center, UNESCO) and other national and international association bases 

(eBIT-Nielsen, eMarketer, WEF). These data materials were incorporated in the arti- 

cles that compose this dissertation, connecting all content on the studied subjects. 

A detailed reading of the selected material was carried out, looking for similari- ties 

and relevance in the literature related to the project such as historical evolution, 

processes, approaches, and innovations proposed to the sector. For the research, a 

qualitative and quantitative methodology was adopted aiming to answer the research 

problem. 

 
3.2 Results and discussion 

We adopted articles to composed the results and discussion section. Here in this 

section, we include a summary of the articles’ methodology. 

 
3.2.1 Article I- Lockers as enhancement and reduction of last-mile risk on e- 

commerce 

The methodology of this article consists of a case study, based on the observation 

of the volume obtained from a Brazilian e-commerce company. 
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For this case study, 2018 sales data were analyzed with Microsoft Excel ©as it 

follows: 

• Firstly, the database was cataloged by monthly volume; 

• After analyzing the seasonality, the database was cataloged by delivery zip code 

destinations; 

• Based on the cataloged zip code deliveries database, the suggested areas for 

setting up the lockers for customer withdrawal was defined, considering the pla- 

ces with biggest pedestrian flow and using subway lines and urban buses termi- 

nals that connect all areas of São Paulo City; 

• Then, to measure the number of lockers required for the project, the volume 

company’s’ basis was used, considering a percentage of deliveries using the Click 

& Collect, by its use in Europe as reference. 

 
Finally, after analyzing all information, a proposal was made to set up lockers in 

order to reduce the risks of distributing e-commerce products. 

The article was published at ENEGEP conference, Santos - SP, on October 2019, 

an event promoted by ABEPRO - Brazilian Association of Industrial Engineering and 

had the purpose to meet the specific objective III. 

 
3.2.2 Article II- Connecting city logistics to smart cities: A literature review and 

future research agenda 

For this paper, was chosen a systematic literature review (SLR) to track and un- 

derstand the evolution of city logistics and smart city concepts throughout the years in 

academia. 

We focused on papers published in refereed journals in the field of logistics, pro- 

duction engineering, and transportation, from 2000 to 2019. These criteria lead us to 

the first amount of more than 700 articles of “City Logistics”. The same criteria was 

used to research articles of “Smart City”, returning more than 15,000 articles. Due to 

the large number of articles published on those topics, this paper focused on the most 

cited in an academic area and most representative authors to do the SLR. 

The article was published at International Conference of Logistics from Federal 

Institute of São Paulo - IFLOG conference, Suzano-SP, on October 2019. The paper 

had the purpose to meet the specific objective I. 
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3.2.3 Article III- The role of the last-mile delivery in the future of e-commerce 
 

For this paper, a literature review was conducted to analyze and understand the 

literature implications on Stakeholders’ expectations regarding last-mile logistics in e- 

commerce. 

The research conducted a discussion over literature and summarized the findings 

in a graphic representation, comparing logistics providers’ desires with e-commerce 

consumer’s desires. 

The article was published as a Springer book chapter at Advances Management 

Production Systems - APMS conference, Novi Sad - Serbia, on August 2020. The 

paper had the purpose to meet the specific objectives I e II. 

 
3.2.4 Article IV- Alternatives for Brazilian E-Commerce Last-Mile Delivery Based On 

Service Expectations Evaluated By 3PL Providers: A Multi-Criteria De- 

cision Analysis Using Analytic Hierarchy Process 

The methodology of this paper consists of an Analytic Hierarchy Process (AHP) 

approach to investigate the impact of last-mile delivery methods from the point of view 

of Logistics providers considering the e-commerce sector in Brazil. The AHP is a 

multicriteria method widely adopted for decision-making developed by Tomas L. Saaty. 

The objective is to solve problems with the multiple criteria technique (Maletič  et al., 

2014). This methodology consists of the comparison of criteria, in this research, criteria 

related to LMD services. The paper had the purpose to meet the specific objective IV. 

The motivations for carrying out each work, as well as their relation with the pre- 

sent study, are described in Table 4. 



 

 

 

Table 4: Article summary 
 

# Title Objective Conclusions Conference/ Year 

I Lockers as Enhan- Analyze the volume of distribution of an e- It was concluded that the alternative of using lockers ENEGEP/2019 
 cement   and   Re- commerce company and propose the feasi- in the observed scenario, would be extremely rele-  

 duction of Last- bility of using these lockers to improve the vant in terms of cost-efficiency, risk reduction, and  

 Mile Risk on e- distribution process in the Last-Mile and re- positive perception of the final consumer.  

 commerce duce the losses arising from cargo theft.   

II Connecting City This paper had a twofold aim: first is to The question of this paper was answered, regarding IFLOG/2019 
 Logistics to Smart present a systematic review of city logis- CL is connected moreover; coexists with SC mo-  

 Cities: A Literature tics and smart city, summarizing and descri- dels, they are co-dependents in a certain way. A  

 Review and future bing its main elements; second is to conjoin future question of research could analyze this code-  

 research agenda those models analyzing their connection in pendency and more possible frameworks embracing  

 the Transportation Science all active stakeholders.  

III The Role of the This paper intended to identify the expecta- The research allows us to conclude that there is a APMS/2020 
 Last-Mile Delivery tions of logistics parcel providers and con- gap among logistics parcel providers, e-Shops, and  

 in the Future of the sumers and discuss the implications of e- e-Consumer’s expectations. The limited delivery op-  

 E-commerce commerce marketing. To this end, a litera- tions and affordable technologies are dominated by  

 ture review was conducted. standard home delivery methods. Solutions such  

  as autonomous drones and sharing mobility are em-  

  bryonic; still, need clear regulation and investments  

  to make it feasible for most parcel delivery compa-  

  nies in last-mile logistics  

IV Alternatives This paper aims to delve LMD regarding The results indicated a potential statement change. Journal Undefined 
 of Brazilian e- the e-commerce sector in Brazil conside- The unprecedented AHP outcome, prioritizing Secu-  

 commerce Last- ring the expectations of service providers in rity over Costs, shed the light for new perspectives  

 Mile Delivery face of available logistics solutions. To do in this field. These results could suggest a desire  

 Based on Ser- so, the Analytic Hierarchic Process (AHP) of LMD providers to consider innovative e-commerce  

 vice Expectations approach is used contextualizing with the solutions and may lead the Industry to draw a new  

 Evaluated by 3PL logistics solutions presented in the litera- chapter of Brazilian LMD.  

 Providers: A Multi- ture.   

 Criteria Decision   

 Analysis Using   

 Analytic Hierarchy   

 Process   

3
4
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4 Results and Discussions 
 
 
 

Four articles were developed, three of them have been published and the last was 

completed waiting for considerations and remarks before finding a suitable journal to 

submit it. 

 
4.1 Article I - Lockers as enhancement and reduction of last-mile 

risk on e-commerce 

This article was published in Portuguese and translate to English to contemplate 

this master thesis. Some minor adaptations were necessary to be presented in this 

format. The original version can be consulted at: 

Link:     http://www.abepro.org.br/publicacoes/artigo.asp?e=enegep&a=2019& 

c=38633 
 

 

 

 

 

Figure 6: ENEGEP 2019 

http://www.abepro.org.br/publicacoes/artigo.asp?e=enegep&a=2019&c=38633
http://www.abepro.org.br/publicacoes/artigo.asp?e=enegep&a=2019&c=38633
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Summary: 

With the ongoing growth of e-commerce, comes big challenges for logistics providers, especially in the so-called 

Last-Mile Delivery, which besides representing a large portion of transportation costs, raises a red flag in regards 

to claims of cargo theft, with a higher incidence and constant concern for customers and providers. This article 

aims to propose the use of lockers as an alternative in distribution for e-commerce companies. For that matter, it 

presents a case study from a computer products distributor and projects the advantages of using the option. The 

conclusion is that the alternative of using lockers in this e-commerce would be extremely valuable in terms of cost, 

risk reduction and positive experience from consumers. 

 

Keywords: Last-Mile Distribution, E-commerce, Cargo Theft, Delivery Terminals, Click & 
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1. Introduction 

Over the years, the purchasing habits of consumers have been changing at a fast pace. This 

change in behavior is perceived by the speed at which technological platforms develop and by 

the constant innovation in offering products for consumption in different areas. Regular retail, 

through a physical point of sale, still responds for a big portion in sales in developing countries, 

such as Brazil, but they are losing more and more ground for electronic commerce. This 

paradigm shift has influenced the way logistics operators distribute their products. If previously 

the distribution was done directly to the store, nowadays there can be different ways, either at 

the consumer's residence or point of contact, either directly from the distributor or through the 

store, creating a huge logistical challenge. 

In Latin America, e-commerce represents more than US$ 61 billion, led by the giants Mercado 

Livre and Amazon. Just in Brazil in 2018, about 74% of the population had internet access, this 

represents more than 156 million people, an increase of 6% compared to the previous year, 

2017; therefore, more than USD 60 million were handled through internet purchases in Brazil, 

led by electronic products and clothing (E-COMMERCE FOUNDATION, 2018). 

This shift in consumption habits brings logistical infrastructure challenges, especially in the so- 

called Last-Mile or “leg” of delivery (Last-mile Delivery), which has become more challenging 

in terms of cost and efficiency for transportation companies. According to data from NTC & 

Logística (2018) the index of cargo theft in the country increases by the year, in 2017 there 

were almost 26,000 reported case in highways and urban areas, losses worth BRL1.6 billion, 

the southeast region weighing 85.53% of the claims, with prominence for the States of São 

Paulo and Rio de Janeiro with 40.75% and 40.81%, respectively. Also, according to data from 

this industry, the most targeted items are electronics and pharmaceutical products. 

The majority of cargo theft claims occur precisely in the Last-Mile, which is the moment of 

distribution to the final consumer, where vehicles become more vulnerable to this type of action, 

as it is directly in touch with urban and considered to be risk areas. 

In this scenario, logistics providers and e-commerce retailers have been looking for solutions 

to enable the delivery of products to consumers and to prevent theft and cargo loss. One of the 

potential solutions is the use of lockers at strategic points for the withdrawal of goods. This 

solution has several advantages, such as: (i) avoiding wasted efforts for delivery in the absence 

of the consumer; (ii) reduces risks in the traffic of high-value goods in unsafe areas of the city; 

(iii) it allows the consumer to pick up the merchandise in a convenient place whenever they 

wish to. 

2 
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Given this scenario, the goal of this article is to analyze the volume of distribution of an e- 

commerce company and propose the feasibility of using these lockers to improve the 

distribution process in the Last-Mile and reduce the losses arising from cargo theft. For this 

matter, a case study of a leading Brazilian e-commerce company specialized in computers, 

electronic products and smartphones is used. 

This article is divided as it follows: in addition to this introduction, it presents the fundamental 

concepts in section two, section three presents the methodology, part four presents the case 

study and analysis, and at last, section five presents the final considerations. 

 
2. Literature review 

 
 

2.1 Last-Mile Logistics 

The Last-Mile concept is recent in the literature of logistics. Lim et al. (2018) states that Last- 

Mile logistics is the last stretch of a B2C (business-to-consumer) parcel delivery service. It 

occurs from the order entry to the final customer’s destination point. According to Manerba 

(2018), Last-Mile delivery is currently considered to be one of the most expensive, least 

efficient and most polluting steps in the entire supply chain. 

Schwab (2018) believes that solving our common challenges requires radical ways of thinking. 

Because of technologies that replace human labor, severe climate change, major concerns about 

inequality and the prospects for economic insecurity are undermining the models and paradigms 

in which our societies rest. 

Therefore, the Last-Mile also presents today a great challenge within the transportation sector, 

mainly for e-commerce, demanding technological developments to enlighten the current and 

future problems. 

Another issue that increases costs and is a Last-Mile concern in e-commerce logistics are 

returns. Besides usual returns for fault and missing items, the Buyer’s Remorse Rule is 

supported by legislation on the Consumer’s Protection Code (Código de Defesa do 

Consumidor), Rule 49 Law Nº 8,078 of September 11, 1990, which ensures the right to regret 

purchases carried out other than the physical marketplace, such as on the Internet, brochures, 

telephone, among others. Thus, the consumer has a seven-day span from the receiving of the 

product to regret and have the money returned, with monetary compensation. However, this is 

not a strict problem of Brazilian e-commerce, countries like the United States have even greater 
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return policies, which can reach 30 days, guaranteeing 100% financial refund, according to data 

from Findlaw (2019). 

Whenever a product has to be returned, two things may happen: (i) the costs related to reverse 

flows are added; (ii) the returned products, when remarketed, will have their turnover reduced 

[...]. (CORRÊA, 2010). 

Liu (2014) points out that product returns are considered an inevitable cost for online sales, 

with no use for cost reduction. As competition pressure continues to increase in e-commerce, 

B2B or B2C, companies have begun to consider the possibility of managing product returns in 

a more cost-effective way. 

 
2.2 Distribution Technologies 

The Last-Mile relies directly on distribution technologies. Reis et al. (2015) states that the 

technological revolutions that have taken place in the last 60 years have transformed the way in 

which these relationships are established and managed. If before, it depended exclusively on 

geographical proximity to establish some kind of relationship, today these barriers have been 

eliminated by information technology. 

This technology surpasses regular computing, with the so-called Smart products, using IoT 

(Internet of Things). Schwab (2018) points out that in a recent study, IHS, a London company 

that analyzes market data, predicts that the number of devices with IoT will grow by an 

estimated 15.4 billion devices in 2015, to 75.4 billion, in 2025. The author further reveals that 

this five-fold increase will result in deeper connectivity in all areas of life, interconnected global 

economies in innovative ways, and likely to enfold a flourishing machine-to-machine economy. 

Despite these technologies linked to communication, an important technology to be 

implemented is the use of lockers as delivery terminals. This type of technology combined with 

the Last-Mile was used in a breakthrough manner by the American company Amazon in the 

United States, at first. This technology is still embryonic in developing countries, such as Brazil, 

but in the United States and Europe, delivery terminals are already a reality that has been 

reducing costs and ensuring greater convenience and safety for end consumers. 

In Europe, 54% of all online consumers use “Click & Collect” delivery method, which would 

be the method using a delivery terminal as the final destination; while a delivery crew has an 

operational capacity of 100 home orders, lockers can carry out 700 orders per day at the same 

operating cost (REVISTA MUNDO LOGÍSTICA, 2017). Figure 1 depicts a delivery terminal 

by the English company InPost, which is expanding its business to Latin America, with some 

4 
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models already set up in Brazil with lesser technology, as can be seen in Figure 2, already in 

operation as a pilot project. 

 
Figure 1 – InPost Parcel Lockers 

Source: InPost UK. https://inpost.co.uk/ 

 

 

 
Figure 1 - InPost Locker in Rio de Janeiro 

Source: InPost BR. https://inpost.com.br/ 
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As potential advantages of this delivery device we may highlight: 

• Greater convenience for the final consumer; 

• 24/7 Withdrawal 

• More access for people with no Zip Code or living in remote/risk areas; 

• Reduces delivery time from the perspective of the final consumer; 

• Lower costs to the final consumer; 

• No need for a carrier to receive the order; 

• Can be used as a Drop-off point for reverse logistics; 

• Confidentiality when receiving; 

• Safety, as it can be set up in places of high footfall and using the existing structures; 

• Cost reduction in the Last-Mile delivery; 

The withdrawal from the lockers are through a code sent to the final consumer, who receives a 

message with the tracking code via email or text and the date the item will be available for 

withdrawal, once at the delivery terminal, a QR-Code is sent to the consumer by Application or 

Text, the terminals are equipped with a scanner to read the QR-Code, either from a cell phone 

screen or printed material, after reading and confirming the QR-Code the compartment that 

holds the package is automatically released. Then the terminal sends the electronic information 

about the withdrawal and informs the compartment is once again available to receive a new 

package. 

When it comes to technology, decisions usually have a high cost and, therefore, require 

enormous precautions in order to reduce risks. In addition to the high-cost equipment, it almost 

always brings with it the need for changes in the setup [...]. (COSTA NETO, 2007) 

On the opposite side to the advantages, the risks and costs associated with investing in new 

technologies, since at first there will be a need to invest in the setup and maintenance of 

structures, but an alternative are the models used in Europe as outsource, leasing the lockers 

and leaving a third-party company in charge of maintenance and update of the delivery 

terminals. 

 

2.3 Cargo Theft in Brazil 

Cargo theft is a broad issue to be faced by logistical operations, especially in regards to road 

transportation. According to data from the National Transport Confederation - CNT (2009) 61% 

of all cargo in Brazil were carried on road modal. 

Cargo theft in Brazil increased considerably in the years from 2015 to 2017 (Union of Transport 

Companies of São Paulo - SETCESP, 2017). Just this period alone, almost 70.000 claims were 

reported, resulting in a BRL4 billion loss (NTC & Logística, 2018). The roads with the highest 

6 
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number of thefts are: Presidente Dutra, Anhanguera, BR-116, Fernão Dias, Castelo Branco, 

among others (Cargo Transport Companies Union - SETRANS, 2011). 

As mentioned in the previous sections, São Paulo accounts for more than 40% of cargo theft 

claims in the country, as this State will be the focus of this study, more information was sought 

regarding the restrictions of deliveries on considered risk areas. A report published by Folha de 

São Paulo (2017), brings data from the Correios where the restriction or lack of delivery reaches 

up to a third of São Paulo City, affecting more than 4.5 million people. Still according to this 

report 57 of the 96 total districts in the city face distribution problems in risk areas, and on the 

outskirts, restrictions can affect 99.96% of all streets, for instance the district of Itaim Paulista 

in the eastmost of the state’s capital. 

According to the Correios database (2019) in São Paulo, there are more than 13,400 zip codes 

with complete and/or partial restrictions for deliveries. Figure 3 shows the regions where there 

are restrictions due to be considered risk areas in the metropolitan São Paulo until 2017. 

 
Figure 3 – Risk map of São Paulo City 

 

Source: Folha de São Paulo – Adapted from Correios (2017) 
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The city outskirts, considered to be commuter towns, are the most affected areas in terms of 

Last-Mile delivery restrictions, where deliveries may have a much higher cost due to security 

protocols, such as escort service or special vehicles, that carriers are expected to put in practice 

in order to avoid incidents. 

 
3. Methodology 

The methodology of this article consists of a case study, based on the observation of the volume 

obtained from a Brazilian e-commerce company. Founded in 2003 and with 100% online sales, 

its two main distribution centers are located in countryside areas in the states of São Paulo and 

Espírito Santo. The company resells and distributes computer products, electronics and 

smartphones. 

 

For this case study, 2018 sales data were analyzed with Microsoft Excel® as it follows: 

 
• First, the database was cataloged by monthly volume, in order to observe the trend of 

seasonality of deliveries, to identify if there would be any impact on the distribution process. 

 

• After analyzing the seasonality, the database was cataloged by delivery destinations, through 

volume and invoice amount (Nota Fiscal). 

 

• Based on the cataloged database, the suggested area for setting up the lockers for customer 

withdrawal was defined. 

 

• Then, to measure the number of lockers required for project, the company's volume basis was 

used, considering a percentage of deliveries using the Click & Collect mechanism of the Last- 

Mile, considering the receiving capacity of the lockers and the point of access. 

 
Ultimately, after analyzing all information, a proposal was made to set up lockers in order to 

reduce risks of distributing e-commerce products. 

 
4. Results 

The results imply that in the analyzed period there were 146,222 orders, with an average of 

12,000 monthly or 400 daily orders. The months with highest seasonality indexes are 

December, November and September, driven respectively by Christmas, Black Friday and 

Children's Day, as per Figure 3. 

8 
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Figure 2 – Monthly orders 
 

Source: The authors, 2019. 

 

99% of the deliveries are dispatched from the company's distribution center in Viana, ES due 

to tax purposes and then headed, mainly for the downtown of São Paulo, Figure 4. The cargo is 

sent to São Paulo by air, with arrival at Viracopos, SP airport. Then it is carried out to other 

locations within the country, by air or road. 

 

Figure 3 - Volume x Invoice Amount 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Source: The authors, 2019 
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As per Figure 5, the highest concentration of deliveries is for countryside of the State of São 

Paulo, followed by the City of São Paulo. Due to this concentration and its complexity, it was 

decided to analyze just the City of São Paulo. The average invoice amount (Nota Fiscal) 

presented is BRL200,00, but some purchases may reach BRL2.000 per invoice (Nota Fiscal). 

Considering more than 13,000 Zip Codes with potential delivery restrictions in the City of Sao 

Paulo, the risks and costs associated with these locations can make the Last-Mile even more 

challenging. It is noted that there are almost 23,000 B2C deliveries destined in the City of São 

Paulo, a daily average of 91 deliveries. 

The districts that are restricted, are called “commuter towns”, according to Ojima et al. (2010) 

there is an almost immediate association between the urbanization process and the rising of 

“commuter towns” based on the dichotomous “center-periphery” model, which means that the 

majority of this population/consumers during the day are in the urban centers, performing 

professional activities, and the living address starts to play a secondary role in terms of 

convenience when it comes to Last-Mile. 

Ojima et al. (2010) also pointed out that another source for the stigma built around the 

commuter-towns principle is the poverty associated with the metropolitan peripheries that were 

formed during the accelerated urbanization process experienced in Brazil until the 80’s. This 

anthropological factor can “justify” the higher rates of robbery and theft, that also affects cargo, 

and concerns residents/consumers about receiving their orders directly at home, often rented, 

shared with others or simply by the lack of safety receiving their purchases. 

The considered models of lockers by the company InPost have the capacity to receive up to 70 

orders at the same time. Considering that the volume of e-commerce observed is 91 deliveries 

per day just in the City of São Paulo, the disposition proposed as a pilot project would be the 

setup of three lockers (represented by red arrows on Figure 6). 

 

These are neighborhoods considered to have easy access and high footfall: 
 

• Barra Funda (East Side/Downtown) 
 

• Republica (East Side/Downtown) 
 

• Consolação (South Side/Downtown) 
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Figure 4 – Proposed Locker’s disposition 
 

Source: The authors, 2019. 

 
In order to optimize the "Click & Collect" service through delivery terminals, the proposed 

scenario would be to consolidate deliveries with the delivery schedules three times a week, at 

first, but with merchandise available for withdrawal 24/7. 

Table 1, represents the estimated quantity of deliveries through the Lockers, based on the study 

carried out in the European market by InPost (2017), but considering a smaller percentage in 

the Brazilian market (40%), due to being an unusual modal for Brazilian consumers. 

 

Table 1: Estimates 
 
 

Characteristics Quantity 
 

General delivery 91/day 

"Click&Collect"¹ Estimate 36/day 

Consolidated 3 times/week 108/week 

"Click & Collect" by terminal/delivery  12/day 
 

Source: The authors, 2019 

 
 

¹Based in an InPost study (2017) – Europe counts 55% of 

deliveries via “Click&Collect”. For the study a 40% estimate was 

considered. 
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As seen in the previous sections Lim et al. (2018) and Manerba (2018) reinforce the challenges 

of the Last-Mile, both in regards to costs and to infrastructure, the mentioned results pointed 

the effectiveness that lockers can represent in contrast to those aforementioned concerns. 

The capacity, at first idle, of the lockers of 34 daily deliveries can address the points of returns 

and/or reverse logistics, as previously stated by Corrêa (2010) and Liu (2014). 

Thus, the mentioned results point out that the use of this technology has great potential for 

consolidation of deliveries and returns, reducing the risks associated with distribution. In 

addition, there would still be idle capacity that could expand the capacity of e-commerce 

deliveries via this modality by up to 50%. 

 
5. Final Considerations 

The conclusion of this study is that Last-Mile risk can be reduced and its efficiency, increased 

through the implementation of lockers. However, it is understood that the observed data are still 

a starting point for a more in-depth discussion of the topic. 

The advantages that this type of delivery represents in the context of the Last-Mile in e- 

commerce, reduces the cost of final distribution with the possibility of using a single channel 

for direct delivery and returns in reverse logistics. In addition, it presents convenience and a 

solution to the final consumer, especially those affected in the outskirts of the City of São Paulo, 

which are in need of more effective and low-cost solutions. 

Currently, the reasonable solution for these consumers is withdrawal at a Post Office branch 

linked to their Zip Code, which does not add up in terms of convenience, as the opening hours 

of the branches are strict and do not meet the routine of this consumer who is outside the 

residential area for the most part of their day, as noted in previous sections. 

Of course, it is necessary to consider the costs of setup and maintenance of delivery terminals 

- lockers, but there are business models that can be optimized through splitting the costs, such 

as partnerships with more than one e-commerce, in addition to possible partnerships with 

existing retails, such as: Shopping Malls, Gas Stations, Convenience Stores; 24/7 Drugstores; 

24/7 fast-food restaurants, among many others; lockers can also bring new customers and 

increase income in those marketplaces. 

Another interesting point, from the perspective of the carriers, is that responsibility is passed to 

the final consumer in an unnoticed way, since the moment the merchandise arrives at the 

terminal, the responsibility of the withdrawal (with pre-defined deadline), depends 100% on the 

final consumer. 

12 
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Thus, it is concluded that the alternative of using lockers in the observed scenario, would be 

extremely relevant in terms of cost-efficiency, risk reduction and positive perception of the final 

consumer. 

 
6. Acknowledgements 

This article was granted with the support of the Coordenação de Aperfeiçoamento de Pessoal 

de Nível Superior - Brasil (CAPES) - Financing Code 001 

 
7. References 

1. CODIGO DEFESA DO CONSUMIDOR. Art. 49 do Código de Defesa do Consumidor - Lei 8078/90. 

Jusbrasil. Disponível em: https://www.jusbrasil.com.br/topicos/10601327/artigo-49-da-lei-n-8078-de- 

11-de-setembro-de-1990. Acessado 14 de maio de 2019. 

2. CONFEDERAÇÃO NACIONAL DO TRANSPORTE -CNT. Pesquisa CNT de Rodovias 2018. 

Disponível em: http://pesquisarodovias.cnt.org.br/Paginas/relatorio-gerencial. Acessado 5 de maio de 

2019 

3. CORRÊA, Henrique Luiz. Gestão de rede de suprimentos: Integrando cadeias de suprimentos no 

mundo globalizado. São Paulo: Atlas, 1ª Ed., 2010. 

4. CORREIOS, Disponível em: https://www.correios.com.br/a-a-z/areas-com-restricao-de-entrega- 

domiciliar. Acessado em 06 de maio de 2019. 

5. COSTA NETO, Pedro Luiz de Oliveira. Qualidade e competência nas decisões. São Paulo: Ed. Blucher, 

1ª Ed. 2007. 

6. E-COMMERCE FOUNDATION. E-commerce Report Brazil: 2018. Disponível em: 

www.ecommercefoundation.org. Acessado 5 de maio de 2019. 

7. FINDLAW. Return Policies and Refunds Disponível em: https://consumer.findlaw.com/consumer- 

transactions/return-policies-and-refunds.html. Acessado 13 de maio de 2019. 

8. FOLHA DE S. PAULO. Violência restringe entrega de produto pelos Correios em 29% da cidade 

de SP - 27/12/2017 - Cotidiano.Disponível em: 

http://www1.folha.uol.com.br/cotidiano/2017/12/1946271-violencia-restringe-entrega-de-produto- 

pelos-correios-em-29-da-cidade-de-sp.shtml.. Acessado 6 de maio de 2019. 

9. LIM, Stanley Frederick W.T., XIN Jin, e JAGJIT Singh Srai. Consumer-driven e-commerce: A 

literature review, design framework, and research agenda on last-mile logistics models. International 

Journal of Physical Distribution & Logistics Management 48, no 3 (14 de março de 2018): 308–32. 

https://doi.org/10.1108/IJPDLM-02-2017-0081. 

10. LIU, Dawei. Network Site Optimization of Reverse Logistics for E-Commerce Based on Genetic 

Algorithm. Neural Computing and Applications 25, no 1 (1o de julho de 2014): 67–71. 

https://doi.org/10.1007/s00521-013-1448-1. Acessado 7 de maio de 2019 

 

 

 

13 

http://www.jusbrasil.com.br/topicos/10601327/artigo-49-da-lei-n-8078-de-
http://www.jusbrasil.com.br/topicos/10601327/artigo-49-da-lei-n-8078-de-
http://pesquisarodovias.cnt.org.br/Paginas/relatorio-gerencial
http://www.correios.com.br/a-a-z/areas-com-restricao-de-entrega-
http://www.correios.com.br/a-a-z/areas-com-restricao-de-entrega-
http://www.ecommercefoundation.org/
http://www1.folha.uol.com.br/cotidiano/2017/12/1946271-violencia-restringe-entrega-de-produto-


XXXIX ENCONTRO NACIONAL DE ENGENHARIA DE PRODUCAO 
“Os desafios da engenharia de produção para uma gestão inovadora da Logística e Operações” 

Santos, São Paulo, Brasil, 15 a 18 de outubro de 2019. 

49 

 

 

11. MANERBA, Daniele, Renata Mansini, e Roberto Zanotti. Attended Home Delivery: Reducing Last- 

Mile Environmental Impact by Changing Customer Habits. IFAC-PapersOnLine 51, no 5 (2018): 

55–60. https://doi.org/10.1016/j.ifacol.2018.06.199. 

12. MUNDO Logística Revista. Lockers InPost são lançados no Brasil | Revista Mundo Logística. 

Publicado em: 03/02/2017. Disponível em: https://www.revistamundologistica.com.br/noticias/lockers- 

inpost-sao-lancados-no-brasil. Acessado 4 de maio de 2019 

13. NTC&Logística. Roubo de Cargas: Panorama Nacional 2012-2017. Assessoria de Segurança NTC. 

Disponível em: http://www.ntctec.org.br/download/arquivo/estatisticas2017.pdf. Acessado 1 de maio de 

2019. 

14. PROCON - CELEPAR. O consumidor pode devolver um produto porque não gostou? Disponível 

em: http://www.procon.pr.gov.br/modules/conteudo/conteudo.php?conteudo=590. Acessado 5 de maio 

de 2019 

15. OJIMA, Ricardo; JUNIOR MARANDOLA, Eduardo; PEREIRA, Rafael Henrique Moraes, e SILVA 

Robson Bonifácio da. O estigma de morar longe da cidade: repensando o consenso sobre as ‘cidades- 

dormitório’ no Brasil. Cadernos Metrópole. 12, no 24 (2010). https://doi.org/10.1590/5896. Acessado 8 

de maio de 2019 

16. REIS, João Gilberto Mendes dos; NETO, Mário Mollo; VENDRAMETTO, Oduvaldo; COSTA NETO, 

Pedro Luiz de Oliveira. Qualidade em Rede de Suprimentos: A qualidade aplicada ao supply chain 

management. São Paulo: Ed. Atlas, 1ª Edição, 2015. 

17. SCHWAB, Klaus. Aplicando a quarta revolução Industrial. São Paulo: Ed. Edipro, 1ª Edição,2018. 

18. SECRETARIA DE SEGURANÇA PÚBLICA DE SÃO PAULO -SSP/SP. Dados estatísticos do Estado 

de São Paulo. Disponível em: http://www.ssp.sp.gov.br/Estatistica/Mapas.aspx. Acessado 6 de maio de 

2019 

19. SINDICATO DAS EMPRESAS DE TRANSPORTE DE CARGAS DE SÃO PAULO E REGIÃO – 

SETCESP. Estatísticas Roubo de Cargas. Disponível em: http://www.setcesp.org.br/servicos- 

operacional/informacoes/estatisticas-roubo-de-cargas/23. Acessado 6 de maio de 2019 

20. SINDICATO DAS EMPRESAS DE TRANSPORTES DE CARGA DE SÃO PAULO E REGIÃO – 

SETCESP. Roubo de Carga: acontece nas melhores rodovias. Disponível 

em:http://www.setcesp.org.br/noticias-visualizar/roubo-de-carga-acontece-nas-melhores- 

rodovias/25522. Acessado 6 de maio de 2019 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14 

http://www.revistamundologistica.com.br/noticias/lockers-
http://www.revistamundologistica.com.br/noticias/lockers-
http://www.ntctec.org.br/download/arquivo/estatisticas2017.pdf
http://www.procon.pr.gov.br/modules/conteudo/conteudo.php?conteudo=590
http://www.ssp.sp.gov.br/Estatistica/Mapas.aspx
http://www.setcesp.org.br/servicos-
http://www.setcesp.org.br/noticias-visualizar/roubo-de-carga-acontece-nas-melhores-
http://www.setcesp.org.br/noticias-visualizar/roubo-de-carga-acontece-nas-melhores-


 

50 

 
4.2 Article II - Connecting city logistics to smart cities: A literature 

review and future research agenda 

This article was published originally in English in accordance to conference para- 

meters. Under ISSN 2596-2914. The original version can be consulted at: 

Link:     http://www.iflog.net.br/expediente-e-edicoes/edicoes-anteriores/ 

 
This article was part of initial research, that use to consider Smart Cities (broader 

scope), at the same time relevant to introduce the City Logistics concept for this re- 

search, the following articles were more focused on the last-mile, once the scope was 

properly defined. 
 

Figure 7: IFLOG 2019 

http://www.iflog.net.br/expediente-e-edicoes/edicoes-anteriores/
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Abstract: This paper presents a systematic literature review of city logistics and smart city 

concepts reported in the literature for a transportation science analysis. This research has a 

twofold aim; first to present a systematic review of city logistics and smart city, summarizing and 

describing its main elements from the most relevant and high-cited articles in the Academia; 

second to conjoin those models analyzing their connection in the Transportation Science. This 

review argues that city logistics may be connected to a smart city model through an initial 

framework, filling the expectations from different stakeholders. Next, it opens a dialogue to identify 

current gaps and propose a future research agenda. 
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1 INTRODUCTION 

 
Due global economy and technology changes, cities are facing fierce competition 

for investors, tourists, international events, and market share. Currently more than 

50% of global population lives in urban areas; by 2050, 79% of the total population 

will reside in urban centers. (Lagorio et al., 2015; Savelsbergh & Van Woensel, 

2016). In this context, many challenges have been raised, requiring efficient and 

innovative modern cities. 

Looking deeper in how those challenges affect urban freight distribution we can 

highlight the consumer behavior change from traditional retail to e-commerce 

retail. Bektas, Crainic and Van Woensel (2015) mention that substantial growth 

and new business models are expected following the increasing freight volumes 

due to the Internet shopping growth and improved mode utilization. As a response 

to those concerns, emerge the concept of smart city and city logistics that 

encompasses the idea of efficiency and technology working together to solve those 

future and existing issues. The initial dialogue among smart cities, centered on 

Information and Communication Technologies-related topics (ICT), therefore it 

has evolved into concepts that tend to a holistic view, considering three main 

factors: technology (hardware and software infrastructure), people (creativity, 

diversity, education) and institutions (politics and governance) (Nam & Pardo, 

2011; Lee et al., 2013). 

Urban and metropolitan development has their challenges itself such as traffic 

jam, mobility, access to urban roads, energy, transportation capillarity, etc.; in this 

context logistics of all kind of flows are extremely necessary to avoid disruption 

of basic services. The concept of logistics is well-known, but an evolution is the 

concept of City Logistics, Uckelmann (2008) says that is reasonable to group the 

corresponding research and to accomplish a common understanding, the 

definition has to be flexible and adaptive though, to incorporate future technology 

developments. New technologies are emerging all the time, IoT (Internet of 

Things) and IoS (Internet of Services) are now a reality for most different areas 

that are taking advantage of it, such as logistics. 

City management deals with plenty issues related to the economy, spatial 

planning, and environmental protection. Smart cities mostly requires the transfer 
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and diffusion of knowledge, innovation and technology, between tasks carried by 

government also include topics related to city logistics (HAJDUK, 2017). 

In this context, how the city logistics can connect to a smart city model? 
 

This paper has a twofold aim: first is to present a systematic review of city logistics 

and smart city, summarizing and describing its main elements; second is to 

conjoin those models analyzing their connection in the Transportation Science. 

This research combines papers published from 1997 to 2019, showing the 

evolution of concepts and what are their focuses providing a correlation between 

them, also revealing the uppermost relevant and widespread ideas from 

academics all over the world. Additionally open a dialogue for the future research 

agenda. 

The article is structured as follows. Section 2 we provide details regarding 

systematic literature review protocol as methodology. Section 3 brings a city 

logistics and smart city review, highlighting the evolution from basic transportation 

to city logistics - a much more connected and embracing concept that rise from 

modern society needs and exploring smart city model, analyzing different 

definitions since the term appeared in an academic context, identifying their 

focus. Section 4 associates a Smart City Model to a City Logistics framework, 

trying to establish their connection. Last section correlates previous sections to 

urban mobility needs and closes with an initial discussion and suggestion for a 

future agenda, relating all literature review, organizing researches into areas of 

focus to come up with a list of current gaps and needs. 

 
 

2 THE RESEARCH METHOLODOGY 

 
For this paper, was chosen a systematic literature review (SLR) to track and 

understand the evolution of city logistics and smart city concepts thought the 

years in academia. According to Kitchenham (2007) a SLR is a research 

methodology to identifying, evaluating and interpreting all available research 

relevant to a particular research question, or topic area, or phenomenon of 

interest. 
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There are three main reasons for performing an SLR: (i) to summarize the existing 

evidence concerning a treatment or technology; (ii) to identify any gaps in current 

research in order to suggest areas for further investigation; (iii) to provide a 

framework/ background in order to appropriately position new research activity. 

(Kitchenham, 2007). For Lagorio et al. (2015) a SLR provides a repeatable 

research method which, when applied properly, should provide sufficient detail to 

be replicated by other researchers. 

Based on available tools was opted for SLR as a research method because of 

the structure of research questions, which aims to understand the evolution of 

concepts and find out existing gaps for scientific academia. In this paper, a SLR 

has been used to summarize city logistics and smart city main definitions, trends 

and possible gaps. To endorse our research were focused on papers published 

in refereed journals in the field of logistics, production engineering, and 

transportation, from 2000 to 2019. The starting year has been chosen due city 

logistics as a term has been introduced formally in an International Conference 

for the first time, according to Taniguchi et al. (1999). 

A guide proposed by Kitchenham (2007) was used to escort this systematic 

review as described in the following section. 

 
 

2.1 DRAFT OF SYSTEMATIC LITERATURE REVIEW 

 
Based on the guide proposed, was taken 4 steps: Planning, Selection, Extraction, 

and Execution as illustrated in Figure 1. 

The success of SLR is the quality of results, to assure it a very critical part is to 

select the database for the research. So we went thought the most renowned 

publishers and library services such as Scopus, Emerald, ScienceDirect, and 

Wiley. 

Keywords combinations including terms “City logistics”, “Smart City,” “Last mile”, 

“Urban Logistics”, “Literature Review” were used in the field – “Article Title” sorting 

by “higher citation” in order to capture the most relevant ones. To guarantee a 

fresh review, it was also mixed most-cited with new researches in the last two 

years, to ensure a contemporary landscape of those concepts. 
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Figure 1 - A systematic guide to literature review development 
 

 

Source: Okoli & Schabram (2010, p. 9) 
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These criteria lead us to the first amount of more than 700 articles of “City 

Logistics” distributed in areas as below, figure 2, being the Social Sciences and 

Engineering segments the ones care most about this refereed subject. 

 

 
Figure 2 - City Logistics documents by subject area 

 

 
Source: Scopus, 2019 

 
 

The peak of “City Logistics” discussions in the academic field was in 2016, with 

125 articles published that appeared in our research, as represented in figure 3. 

 

 
Figure 3 - City Logistics documents by Year 
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Source: Scopus, 2019 

 

In figure 4 we can notice the top 15 most engaged authors, in City Logistics area, 

being Iwan, S. the most representative author among this selection. 

Figure 4 - City Logistics documents by Author 
 

 

Source: Scopus, 2019 

 
 

The same criteria lead was used to research articles of “Smart City”, returning 

more than 15,000 articles, distributed in areas as below, figure 5, being the 
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Computer Sciences and Engineering segments the ones discuss most this matter. 

Figure 5 - Smart City by area 
 

 
Source: Scopus, 2019 

 

The highlighted year of “Smart City”, discussions in academic field were last year 

(2018), with almost 5,000 articles published that appeared in our research, as 

figure 6. 

Figure 6 - Smart City by year 
 

 
Source: Scopus, 2019 

 

In figure 7 we can notice the top 15 most engaged authors, in Smart City articles, 

being Nesi, P, the main publisher with 34 publications so far. 
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Figure 7 - Smart City by author 
 

 
Source: Scopus, 2019 

 
 

 

Due to a large number of articles published in those topics, this paper focused on 

the highest cited in academic area and most representative authors to do the 

SLR. 

 
 

3 LITERATURE REVIEW 

 
3.1 CITY LOGISTICS 

 
The concept of city logistics (CL) came as an evolution of logistics itself. 

Savelsbergh & Van Woensel (2016) explain that there many definitions of CL, but 

common to all is that city logistics is about finding efficient and effective ways to 

transport goods in urban areas while taking into account the negative effects on 

congestion, safety, and environment. 

Other names can be found to describe CL such as Urban Freight, Urban Logistics 

and in some cases Last Mile Logistics as well. The principal definitions founded 

in this SLR are presented as follow in Table 1. 
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Table 1.  City Logistics Definitions 

 
Author (Year) Definition 

Focus of 

Definition 

 
 

 

 
Crainic, T.G. et 

al. (2009) 

City Logistics has been coined to emphasize the need for an 

optimized consolidation of loads of different shippers and carriers 

within the same delivery vehicle and coordination of freight 

transportation activities within the city. 

 

 
Optimization 

 
 

 

 
 
 

Iwan, S. (2016) 

Last mile deliveries are one of the major effectors of heavy traffic of 

commercial vehicles in the whole city area. Their essential features, 

significantly lowering the rational functioning of the transport system, 

include high degree of fragmentation and low range of use of the 

cargo load compartment of vehicles. 

 
 
 

Efficiency 

 
 

 

Savelsbergh, 

M.& Van 

Woensel, T. 

(2016) 

There are many definitions of city logistics, but common to all is that 

city logistics is about finding efficient and effective ways to transport 

goods in urban areas while taking into account the negative effects 

on congestion, safety, and environment. 

 

 
Efficiency 

 
 

 

 
 
 
 
 

Marcucci, E. & 

Daniels, R. 

(2008) 

City administrators have designed and implemented a wide array of 

policies to tackle the urban goods transport issue. Some of the 

implemented policies are regulatory in nature and comprise 

dedicated parking bays for loading/unloading trucks, access 

restrictions to some areas of the city centre, time restrictions, vehicle 

restrictions according to the size of the vehicles, fuel used, fuel 

efficiency, and minimum load factor required. A second set of 

policies affects the costs of distributing goods within the city centre, 

e.g. by requiring the acquisition of time-based access permits or use 

of vehicles with low environmental impact. 

 
 
 
 
 

Regulation 

policy 

 
 

 

Dablanc, L. 

(2007) 

Urban logistics can be defined as any service provision contributing 

to an optimized management of the movement of goods in cities. 

 

Optimization 

 
 

 

 
Taniguchi, E.& 

Shimamoto, H. 

(2004) 

City logistics has been defined as the process for totally optimizing 

the logistics and transport activities by private companies with the 

support of advanced information systems in urban areas considering 

the traffic environment, its congestion, safety and energy savings 

within the framework of a market economy 

 
 
 

Optimization 

 
 

 

 

Goldman, T & 

Gorham, R. 

(2006) 

Sustainable urban freight policy seeks to reduce empty truck 

movements through neighborhoods and congested urban centers, 

and improve the environmental and economic efficiency of urban 

freight operations 

 

 
Sustainability
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As previous section points, first time CL as a transportation science appeared 

was at the beginning of 21st century, presented by Taniguchi (1999), since that 

the world has been change, with more challenges and needs, in this context the 

concept still evolving and adapting to fill modern society demands. In general, 

authors agreed with a central idea of CL that combines transport and technology 

optimization for urban areas. Table 2 summarizes CL focus of research by 

relevance established in this SLR. 

 

 

Focus 

Table 2 – CL focuses  

% of Relevance 

Optimization  42% 

Efficiency  30% 

Sustainability  14% 

Regulation policy  14% 

 
 

3.2 SMART CITY 

 
Smart City (SC) as terminology used for the first time in the nineties, mainly to 

describe application and use of Information and Communication Technologies 

(ICTs) in different areas of urban spaces. Due to their strong relationship with 

technology, in constant improvement, SC terminologies still an open- developing 

concept making it difficult to characterize in one single way. Prove of it are the 

huge amount of articles that cover this topic in the academic landscape in the 

past few years, being an ascending topic of interest from many scholars. 

Table 3 compiles some concepts of SC definitions and bring their focus to 

attention, in order to correlate them, to see the most widespread concept between 

researchers all over the world. 

Table 3 - Smart City Definitions 
 

Author 

(Year) 

 
Definition 

Focus of 

Definition 

 
 

 

 
Giffinger R. et 

al. (2007) 

A Smart City is a city well performing in a forward-looking way in 

these six characteristics, built on the ‘smart’ combination of 

endowments and activities of self-decisive, independent and aware 

citizens. 

 
People and 

Communication 
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Washburn et 

al. 

(2009) 

The use of Intelligent computing technologies to make components 

and critical infrastructure services of a city - which include city 

administration, education, health, public safety, real estate, 

transport and public services - smarter, interconnected and efficient 

 
 
 

Technology 

 
 

 

Harrison et al. 

(2010) 

A city that connects the physical infrastructure, the IT infrastructure, 

the social infrastructure and the business infrastructure to leverage 

the collective intelligence of the city 

 

Infrastructure 

 
 

 

 

 
Caragliu et al. 

(2011) 

[…] a city to be smart when exist 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. 

 

 
People and 

Communication 

 
 

 

 
 
 

Schaffers et 

al. (2011) 

The concept of smart cities seen from the perspective of 

technologies and components has some specific properties within 

the wider cyber, digital, smart, intelligent cities literatures. It focuses 

on the latest advancements in mobile and pervasive computing, 

wireless networks, and middleware and agent technologies as they 

become embedded into the physical spaces of cities. 

 
 
 

Technology 

 
 

 

 
Komninos 

(2011) 

Cities (smart) as territories with great capacity of learning and 

innovation, built on the creativity of its population. Their knowledge 

creation institutions and their infrastructure-communication and 

knowledge management. 

 

People and 

Innovation 

 
 

 

 
 

Nam e Pardo 

(2011) 

A smart city infuses information into its infrastructure improve 

convenience, facilitate mobility, efficiency, conserve energy, 

improve air quality and water, identify problems and correct them 

quickly, recover quickly from disasters, collect data to make better 

decisions, distribute resources effectively and share data to enable 

collaboration in entities and domains. 

 
 
 

Infrastructure 

 
 

 

 

Barrionuevo 

et al. (2012) 

Being a smart city means using all the technology and resources 

available in an intelligent and coordinated way with the objective of 

develop integrated, sustainable and sustainable urban centers 

 

Technology 

 
 

 

Lombardi et 

al. 

(2012) 

The application of information and communication technologies 

(ICT) with its effects on human capital / education, social and 

relational capital, and environmental issues is often notion of 

intelligent city. 

 

Technology and 

Communication 
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Zanela (2014) 

Although there is still no formal and widely accepted definition of 

"Smart City", the ultimate goal is to make better use of increase the 

quality of services offered while at the same time reducing 

operational costs of general government 

 

People and 

Economy 

 
 

 

 
 
 

Rizzon et al. 

(2017) 

Despite all the investment in technologies to become a smart city, 

if there is no participation and if social learning of these changes is 

not observed, they may not achieve the purpose of integration and 

interconnection of the different systems governing life in society. 

Governments and businesses can be influenced by interests other 

than the collective benefit of the community / city where they are 

inserted. 

 
 
 

People and 

Innovation 

 
 

 
 

Ferreira 

(2017) 

[...] the concept of Smart City goes beyond an infrastructure with 

information and communication technologies, but that it plays an 

important role in the construction and evolution of cities. 

 
People and 

Innovation 

 
 

 

 

 
 
 
 

 
Anthopoulos 

et al. (2019) 

This term has been adopted by businesses, where an “ecosystem” 

describes the relationships between economic entities (i.e., 

producers, distributors, intermediaries, consumers etc.). Moreover, 

information and communication technologies (ICT) industry uses 

the term of digital ecosystems, which are focused on interactions 

among technological agents (devices, databases, programs, etc.) 

and respective information flows and form the infrastructure for 

digital business ecosystem 

 
 
 

 
Economy and 

Technology 

 
 

 
 

 

In the last 12 years of research (2007-2019), there is some similarity on ideas 

leading us to 4 main focuses that appears more than once in this research: 

Technology; People & Communication; People & Innovation and Infrastructure. 

The relevance were demonstrated in table 4, despite all new approaches trying 

to unlink SC concepts to ICTs only; this review shows that it still the most 

correlated focus when it comes to SC idea. 
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Table 4. Smart City definitions focuses 
 

Focus % of Relevance 

Technology 27% 

People and Communication 20% 

People and Innovation 20% 

Infrastructure 13% 

Economy and Technology 7% 

People and Economy 7% 
Technology and Communication 7% 

 
 

 
4 CONNECTING A SMART CITY MODEL TO A CITY LOGISTICS 

FRAMEWORK 

 

A research made by Vienna University of Technology dedicated to Smart City 

laboratories identified six main ‘axes’ (dimensions) along which a ranking of 70 

European middle-sized cities can be made. The six dimensions are represented 

in Figure 8. 

Figure. 8. Smart City Model 
 

 
Source: Adapted by GIFFINGER, Rudolf, e Haindlmaier GUDRUN. (2010) 

 

Each one of those areas has some key indicators, figure 9, sometimes with 

different stakeholders, but Giffinger & Gudrun (2010), believes that the 

combination of them will indicate how “Smart” a city can be. 

Figure 9 – SC Key Indicadors 
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Source: Adapted by GIFFINGER, Rudolf, e Haindlmaier GUDRUN. (2010) 

 
 

All those key indicators in Figure 9 are directed or undirected related to a CL 

efficient model. The urban freight or last-mile logistics is a huge challenge for 

medium and large cities, according to Savelsbergh & Van Woensel (2016) 

population in developing economies is thus moving rapidly into cities, and mega- 

cities (having more than 10 million inhabitants) are becoming a (more) common 

phenomenon in many countries. Related to population growth rises new barriers 

for logistics, Dablanc (2007) says that in general logistic decisions are closely 

related to land issues, however, within cities, land is not an issue anymore, it’s 

because urban land simply does not exist anymore for logistics activities, urban 

centers are more restricted than ever. 

One of the forerunners of CL science, Taniguchi et al. (2004) has identified three 

main objectives of CL: (i) to improve the quality of life; (ii) to improve the flow of 

people and freight; (iii) to protect the environment. In this sense, to achieve those 

objectives is mandatory the commitment of different stakeholders who have 

different needs and wishes about CL model. With a broad vision of the whole 

panorama is possible to synchronize CL objectives into the SC key indicators. 

Perboli et al. (2018) worked on a CL Framework, figure 10, based on operational 

optimization, which matches with evidenced SLR in this paper, where 42% of 

main authors are highlighting optimization as a current need in CL. 
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Figure 10 - CL Framework 
 

 
Source: Perboli et al. (2018) 

 

Perboli et al (2018) built this framework based on gathering data from 5 sources: 

(i) City network graph and maps; (ii) Vehicle fleet and travel times; (iii) Behavioral 

and socio-demographic; (iv) City constraints; (v) Problem objectives and 

constraints. They justify those sources affirming that with data of five distinct 

types allows to easily study the impact of modifying a specific aspect of the 

operational context. 

A second phase – scenario generation and simulation – is required, according to 

Perboli et al (2018) once both the problem and the operational context are well 

defined; a broad set of scenarios is generated by using a scenario generator, 

which allows the researchers to develop specific scenarios for different 

frameworks. The aim of this paper is not to indicate a simulation process, so the 

paper will not deepen in this topic, a simulation method that fits most can be used 

in future research. 

The intend is indicate a framework that can be modified according researcher 

needs, in this point that is the beauty of Perboli’s et al. model, to be adaptable for 

different cities and contexts regardless simulation method or software. 
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Ecological Accessibility 

Air Quality 

Moving forward the five data sources from CL framework can easily permeate 

among six axes from SC model, as following section. 

5 DISCUSSIONS AND FUTURE AGENDA DIRECTION 

 
The SLR covering the state of art in those ascending topics, this paper could 

identify that Technology, People, Communication and Innovation are the focuses 

for SC presented by the Academia, as Table 4 - section 3; on the other hand, 

Optimization and Efficiency are the main areas of interest from CL researchers, 

as Table 2 - section 3. Beyond SLR a widespread model of SC was presented 

and related to an available CL framework, proving that there is a connection 

between both concepts, even merging their areas of focus and interest. 

Most attention so far was paid to SC, as a more examined concept through the 

past year from scholars, but is undeniable the rising of CL awareness, part due 

to environmental and sustainability issues and part due economic matters. In this 

context we can build a scenario where Optimization in CL could come from 

established Technology, Communication and Innovation in SC and the Efficiency 

will have as main stakeholder People & Government that has the responsibility to 

keep and expand it. 

Table 5 below compiles presented SC key indicators to the CL framework, in 

order to relate them. As observed some key indicators from SC appears more 

than once, connecting with more than a CL source, as highlighted. This 

characteristic evidences how connected and depended on those concepts can 

be. 

Table 5 – CL Framework x SC Key Indicators 
 

City Logistics Framework Sources 
 

City Network Vehicle and Travel Time    Behavior/ Socio-Demo   City Constraints 
Problem Objectives &

 
Constraints 

 

International Integration Productivity Innovative Spirit Political City Image 

Touristic  

 
Local Transport 

Entrepreneurship  Housing Efficient and Transparent Adm 

Labour Accessibility Security 

Public and Social Services 

 Accessibility Culture & Leisure 

 ICT Infrastructure Health 

Sustainability of Transport  Housing 

Education 

Learning 

Plurarity 

 
Sustainability 

 Accessibility  

 ICT Infrastructure  

  Open Mindedness  

 

Source: Author, 2019 
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In addition, those components match the identified areas of focus in the SLR. 

Being People, Efficiency and Technology the fundamental ones. 

For future research agenda, there is an opportunity to dig deeper into CL and 

Urban Freight modeling, in order to understand this niche, their issues, and 

demands. There is a gap between understanding and analyzing inputs for active 

stakeholders, according to Anand et al. (2012) they are only a few models 

available in which all stakeholders and their influence in urban freight domain are 

included. Another dilemma could be observed is the necessity to align 

government and private companies into an acceptable CL framework in SC 

projects, considering restriction policies and transport efficiency. 

The question of this paper was answered, regarding CL is connected moreover; 

coexist with SC models, they are co-dependents in a certain way. A future 

question of research could analyze this codependency and more possible 

frameworks embracing all active stakeholders. 
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4.3 Article III - The role of the last-mile delivery in the future of 

e-commerce 

This article was published originally in English in accordance to conference para- 

meters. Under DOI: https://doi.org/10.1007/978-3-030-57993-7_35. The original 

version can be consulted at: 

Link:      https://link.springer.com/chapter/10.1007%2F978-3-030-57993-7_35 
 

Figure 8: APMS 2020 

https://doi.org/10.1007/978-3-030-57993-7_35
https://link.springer.com/chapter/10.1007%2F978-3-030-57993-7_35
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4.4 Article IV - Alternatives Of Brazilian E-Commerce Last-Mile De- 

livery Based On Service Expectations Evaluated By 3PL Pro- 

viders: A Multi-Criteria Decision Analysis Using Analytic Hie- 

rarchy Process 

The article was not published and it is waiting for remarks of Examination Board 

to be submited for a suitable journal. 
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ALTERNATIVES FOR BRAZILIAN E-COMMERCE LAST-MILE DELIVERY 

BASED ON SERVICE EXPECTATIONS EVALUATED BY 3PL PROVIDERS: A 

MULTI-CRITERIA DECISION ANALYSIS USING ANALYTIC HIERARCHY 

PROCESS 

 

 
Abstract 

 

The remarkable growth of e-commerce is undeniable and has transformed the retail market. 

The unpredictable pandemic crisis of COVID-19 impacts the sector even more where the 

demand was to stay at home and have all supplies delivered at the door. Indeed, the growing 

flow of e-commerce orders continue to generate exponential e-retail annual revenues, and Last- 

Mile Delivery (LMD) is one of the most challenging logistics issues due to the high demand, 

small dimension of packages, and transportation volume. This paper analyzes LMD 

alternatives for Brazilian e-commerce based on service expectations from point of view of 

third-party logistics (3PL) providers. To do so, a multi-criteria decision analysis was conducted 

using the analytic hierarchy process approach. The data to establish the weights were obtained 

from a survey with 27 professionals from local and multinational companies. The results 

indicate that small trucks and motorcycle remain as the main options for 3PL providers in the 

country, but the smart lockers, despite the low availability, are indicated as a fair option for e- 

commerce deliveries. Moreover, security as a service expectation, surpasses cost concerns in 

our model based on 3PL providers’ view. 

 

 
Keywords: Last-Mile Delivery; B2C; Small Parcels; Brazilian e-commerce. 

 
1 Introduction 

 
Business–to–Customer (B2C) e-commerce is responsible for one of the most challenging 

logistics processes due to the high operational costs, insecurity, service level requirement, time 

window demand, and CO2 emissions (Allen et al., 2018; Bjerkan et al., 2020; Shao et al., 2019; 

Trott et al., 2021; Zhang et al., 2020) . Compared to traditional offline retailing, B2C has 

brought new challenges for companies (Seghezzi et al., 2020). In this sense, the complexities 

of the physical distribution of products should not be underestimated and logistics need to find 

a way to obtain a competitive advantage. 
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Many scholars agree that Last-Mile Delivery (LMD) is the most critical and expensive logistics 

process regarding business to consumer orders (Lim & Srai, 2018; Mangiaracina et al., 2019; 

Seghezzi et al., 2020; Wang et al., 2016). Therefore, there is a gap between consumer’s desires 

(service level and quality) and logistics companies' concerns (to reduce costs, to stay 

competitive). Mangiaracina et al. (2019) point out that in the online market, companies usually 

consider service level targets as constraints that they necessarily must meet to remain 

competitive. Given that, they aim at finding ways to minimize costs. 

Until 2016 LMD literature was focused on three perspectives: (1) Environmental sustainability; 

(2) Effectiveness-Customer service level and (3) Efficiency – Costs (Mangiaracina et al., 

2019). After 2016, the concerns were directed to innovative perspectives and new 

technologies/solutions applied to the LMD, such as parcel lockers (Iwan et al., 2016; Lin et al., 

2016; Vakulenko et al., 2019) delivery point and pick-up design (Aljohani & Thompson, 2020; 

Bjerkan et al., 2020; Gonzalez-R et al., 2020; Lu & Yang, 2019); city logistics and urban 

distribution alternatives (Allen et al., 2018; Altenried, 2019; Balm et al., 2016; Caragliu & Del 

Bo, 2018; Crainic & Montreuil, 2016; Savelsbergh & Van Woensel, 2016) and drone delivery 

(Boysen et al., 2018; El-Adle et al., 2021; Giones & Brem, 2017; Kellermann et al., 2020; 

Watkins et al., 2020). 

The pressure to innovate and optimize the process in LMD is a consequence of home delivery 

largely motivated by e-commerce sales. According to the Americas Market Intelligence (AMI) 

B2C e-commerce report, only LAC represented a market of USD 148 billion in 2019 and USD 

166 billion in 2020. A growth of 12%, driven mainly by the Brazilian market (USD 95 billion 

in 2019 versus USD 105 billion in 2020) (Latin America E-commerce 2020, 2021)(e-Markerter 

- InsiderIntelligence, 2021) 
 

We noted that the literature revolved around the consumer experience perspective rather than 

the challenges of 3PL providers showing a gap to be explored. One study by De Araújo et al. 

(2020) identified a gap between e-consumer’s desires (low-cost freight; faster delivery) versus 

LMD service providers’ desires (cost reduction; delivery optimization), becoming evident a 

disproportional scale in face of urban logistics centers saturation and lack of an efficient 

framework to deal with challenges and expectations from different stakeholders. These results 

confirmed the need to address the LMD in e-commerce from 3PL providers’ perspective. 

This paper aims to delve into Brazilian e-commerce last-mile delivery service expectations and 

alternatives based on a point of view of third-party logistics providers. To do so, the multi- 
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criteria method of the Analytic Hierarchic Process (AHP) was adopted. Using the literature 

review a decision tree was created and the weights in pairwise comparison were established 

based on a survey with 27 professionals of 3PL providers. 

This paper is structured as follows: This introduction, a literature review with a brief overview 

on last-mile delivery literature, followed by the current situation of Brazil regarding urban 

freight focused on LMD, followed by Brazilian and LAC e-commerce markets. Then, the 

objectives are presented and the interviews and AHP methodology applied, explained, followed 

by the findings and discussion, closing with conclusions and possibilities for future research. 

 

 
2 Literature review 

 
2.1 Brazilian e-commerce market 

 
E-commerce activities in Brazil are monitored by Ebit/Nielsen. The most recent report analyzes 

data from the 2020-1st semester and reveals a growth of 39%, driven by the number of new 

digital consumers(Ebit-Nielsen, 2021). Moreover, Brazil experienced 40% more online 

shoppers in 2020 than in 2019, totalizing 41 million online shoppers (Ebit-Nielsen, 2021), 

Table 1. 
 

Table 1 - Var.% No. Consumers 1'sem 20 vs. ’19. 

Consumer Type % Growth 
 

Recurrent 40 

New 38 

Total 40 

Source: Adapted from (Ebit-Nielsen, 2021) 

 

Figure 1 shows the contribution and importance of growth, highlighting the recurrent and new 

consumers. 

New 
82.5% 

Importance 

Recurrent 
17.5% 

New 
82.0% 

Contribution-Growth 
 
Recurrent 

18.0% 
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Figure 1 - Contribution, Growth, and Importance. Source: Adapted from (Ebit-Nielsen, 2021) 

 

Driven by the COVID-19 pandemic, more consumers in Brazil are willing to buy more non- 

essential items from the internet, changing their behavior and feeling more comfortable to 

change their way to buy. Table 2 presents how the consumers in LAC feel regarding internet 

sales in comparison to Brazil. 

 
 

Table 2 - Level of Comfort in Purchasing Non-essential Products During the Coronavirus Pandemic. 

 
 

 

Country 
1-2 - Comfortable/Very 

3 – Neutral % 
comfortable % 

4-5 - Very 

uncomfortable/Uncomfortable 

 

 

 

 

 

 

 

 

 
 

Source: Adapted from e-Markerter (2021) 

 
 

Regardless of the increasing numbers induced by COVID-19 pandemic, e-commerce remains 

a challenge, The World Economic Forum measures the technology governance adaptability, 

evaluating the capacity of a country to develop and use technology (Schwab, 2019). In this 

context, Brazil ranks a poor global position - below the global average, ranked as 111th, Figure 

3. 

Figure 2 allows us to infer that the larger portionof the Brazilian population still feels 

uncomfortable buying online, due to the slow insertion of new digital business models. On the 

other hand, it could indicate a huge potential for improvement and investment, as a result of 

Brazil’s dimension and potential for new markets. 

Online sales growth has intensified from April 2020 on, during the pandemic scenario. Table 

3 summarizes percent variation pre-COVID-19 and during COVID-19, where is possible to 

notice the growth impact in revenue, number of orders, and average ticket increase, as below. 

 % 

Argentina 29.50 22.20 48.30 

Brazil 20.50 14.20 65.20 

Chile 24.00 13.80 62.20 

Colombia 24.00 13.80 57.00 

Peru 30.80 13.40 55.80 

Total 25.70 16.40 7.90 
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Figure 2 – Technology Governance. Source: (Schwab, 2019) 

 

 

 

Triggered by COVID-19 in 2020, B2C online shipments delayed 3% more against in 

comparison with 2019. In Brazil, around 15% had LMD postponed, with an average of 11.8 

days. This time in transit average is far from the ideal in comparison with developed countries 

such as the United States in which the average is less than 3 days (Ebit-Nielsen, 2021). 

 

Table 3. Variation in percent Pre and During COVID-19 
 

 % Before Pandemic % During Pandemic % Year to 

(Jan/Mar) (Apr/Jun) Date (Jan/Jun) 

USD Revenue 19 70 47 

Number of Orders 16 57 39 

Average Ticket 3 8 6 

Source: Adapted from (Ebit-Nielsen, 2021) 

 

 

 

The market outlook after the COVID-19 crisis started to be discussed among business leaders, 

Schwab & Zahidi (2020) argue that in G20 economies, new exports “non-tariff barriers” 

emerged since last year drawn by the pandemic, as protection for internal demand. Therefore, 
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some specialists expect that value chains to be less globalized than today in developed 

countries. On the other hand, Brazil is forecasted to be more globalized for almost 80% of 

business specialists, indicating a positive market perspective in the future, above all in e- 

commerce. 

 

 

2.1 Last-Mile Delivery 

 
Early definitions of the last mile were narrowly stated as the “extension of supply chains 

connected to the end consumer” - a home delivery service for consumers. LMD has been 

termed as a delivery issue and has been a particular issue from a logistics infrastructure 

standpoint, most notably because of trade-offs between routing efficiency and customer 

convenience (Kull et al., 2007). 

Gevaers et al. (2011) define the last mile as the final leg in a business-to-consumer service 

whereby the consignment is delivered to the recipient, either at the recipient’s home or at a 

collection point. Besides that, Gevaers (2013) expands the idea and explains that a standard 

logistics chain, may be organized as follows: raw materials are supplied to the processing/ 

manufacturing industry, from where finished products are shipped to the storage facilities. 

From this point onwards, they are mainly tree distribution (selling) options: either through 

traditional outlets such as stores or supermarkets, or through direct sales (D2C) to consumers, 

or a combination of these two. Therefore, the term “last-mile” in a B2C environment refers 

specifically to the final leg in a system involving business-to-consumer deliveries. Lim and 

Srai (2018) agree that the last mile refers to the final leg of a network and established its origin 

in the telecommunications industry. 

Lim and Srai (2018) also pointed out that although several contributions have been made in the 

last mile logistics domain, the literature models remain relatively fragmented hindering a 

comprehensive and holistic understanding of the topic to direct research efforts. 

Eventually, Lim and Srai (2018) believe that existing last-mile logistics definitions converge 

on a common understanding that refers to the last part of a delivery process. However, existing 

definitions appear incomplete in capturing the complexities driven by e-commerce, so in their 

vision, synthetized a more accurate definition: “Last-mile logistics is the last stretch of a 

business-to-consumer (B2C) parcel delivery service. It takes place from the order penetration 

point to the final consignee’s preferred destination point.” 
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It is a common ground in literature linked LMD to City Logistics research. Dating back to the 

2000’s when e-commerce was emerging, Taniguchi et al. (2001) advised that the development 

of e-commerce makes City Logistics more important. The authors identified two points to 

discuss the impacts on City Logistics by the development of e-commerce: (I) changes in the 

logistics activities by giving a high priority to the demands of customers or consumers; (II) 

Logistics activities themselves incorporate e-commerce by matching the demand and supply of 

goods movement. 

Nowadays, e-commerce and logistics are bonded, being difficult to imagine our world without 

one of them. Gevaers et al. (2011) built a LMD typology and explored the delivery methods, 

in order to able interpretation of the typical characteristics of the last mile concept, 

differentiating among various types of LMD, Figure 3. 

 
Figure 3 - Last-mile delivery methods. Source: Adapted from (Macharis & Melo, 2011) 

 

 

According to Macharis & Melo (2011) the nature of the last mile is determined mainly by six 

fundamental aspects: (1) the level of consumer service; (2) security and delivery type; (3) the 

geographical area; (4) the degree of market penetration and density; (5) the vehicle fleet and 

technology employed and (6) the environmental impact. Some of those aspects we will discuss 

on the decision tree criteria selection in the next section. 

 

 
2.3 Brazil’s last-mile delivery landscape 

 

Brazil is the largest country in LAC. In 2018, its population was over 209 million people being 

more than 87% located in urban areas (The World Bank , 2021). Making it a very complex 
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country in terms of logistics, taking into account its continental dimension and poor 

infrastructure. 

The urban population is a global concern, Ranieri et al. (2018) emphasized that about 54% of 

the population live in the cities today, and around 66% are expected in 2050. Urban areas 

require a massive quantity of goods, services, and resources causing many troubles for citizens. 

Ranieri et al. (2018) reinforced that in LMD, the most widespread transportation mode adopted 

is road freight transportation. In urban areas, it is the dominant mode responsible for the 

externalities related to delivery. In Brazil, road transportation is the dominant modal adopted 

and responsible for several externalities. 

Brazil has 109 thousand kilometers of trafficable roadways, but they are not adequate. Only 

12.4% of them are paved and around 59% are considered regular/poor. Table 4 (CNT - 

Confederação Nacional do Transporte, 2021) 

 
Table 4 - Classification of highways evaluated in the CNT Highway Survey by type of variable and measured in 

kilometers extension, 2019 
 

Variable 
Excellent 

% 

Good 

% 

Regular 

% 
Poor %  

Very 

Poor % 

 

General conditions 11.90 29.13 34.56 17.49 6.92 

Paving quality 38.59 8.97 34.96 13.75 3.72 

Signaling quality 13.96 37.89 26.14 11.64 10.36 

Geometry quality 5.74 17.99 26.64 20.69 28.94 

Source: Adapted from CNT (2021) 

 

 

 

Despite the infrastructure issues, the logistics providers' competition in Brazil is fierce. There 

are at least 220 thousand transport companies officially registered and more than 724 thousand 

autonomous carriers. To follow those numbers the vehicle fleet also increased. In 2019, Brazil 

counted 103 million registered vehicles. The biggest growth in ten years was for motorcycles, 

with a 64% increase between 2009-2019, trucks grew 30.9% in the same period (Confederação 

Nacional do Transporte - CNT, 2021). 

All those Brazilian characteristics have their unfoldings for the main stakeholders, being the 

main ones: Infrastructure, quality, and competitiveness. According to Brazil Infrastructure 

Ministry (Ministério da Infraestrutura, 2020) in 2020, Federal Government invested BRL 133 

billion in infrastructure, corresponding to 1.8% of Gross Domestic Product (GDP), but some 

specialists say that it was not enough and it should be the double of this amount (PWC, 2019). 
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The e-commerce growth brought opportunities to innovate the LMD sector in Brazil, Reuters 

(2020) published that until 2024 there is a forecast of USD 3.6 billion investment in 

Transportation Management Systems (TMS), representing an increase of 14.8%. In this context, 

the rise of Logistics Startups and Logitech’s seems to be a way out to overcome high costs and 

infrastructure issues, using technology as the main differentiator. Today there is an average of 

280 Logistics startups in Brazil, 50% of them were founded between 2015-2020 and attracted 

more than USD 186 million in investment only in 2020 (Peña, 2021). The top 5 Logitech’s in 

Brazil are iFood, Loggi, Mandaê, Clique Retire, and FreteBras, also big retail companies are 

acquiring small Logitech’s, thinking in merging their business and staying more competitive in 

the near future (Revista Mundo Logística, 2020). Of all the LAC Venture Capital investments 

in 2019 (USD 4,6 billion), 26% were in logistics and distribution companies. (Peña, 2021) 

(Souza et al. (2020) explored some solutions for Brazil LMD in urban centers, not focusing on 

the e-commerce industry. The authors' objective was to understand from retail companies what 

types of innovative LMD practices they were willing to use. This research is also interesting to 

add a counterpoint comparing LMD providers' results on this research with retail companies' 

results on theirs. 

Table 5 presents that the most innovative practices were pick-up point/locker solution and the 

least innovative were tied between drones and car drops. In their research, they judged to be 

viable in Brazil all innovative practices, despite car drops, but only considering the companies 

answers, not external factors and other barriers. 

Table 5 – Solutions for LMD. 
 

Innovative practice % Yes % No 
%

 % The product 

   Maybe does not allow 

Bicycle/ Electric Scooter 44 22 17 17 

Pick-up point/ Locker 50 0 28 22 

Crowdsourcing 22 22 34 22 

Semi-autonomous/ autonomous vehicles 33 17 28 22 

Drones 34 33 11 22 

Car Drops 17 33 39 11 

Souce: Adapted from Souza et al. (2020) 
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Souza et al. (2020) concluded that developed countries tend to have more sophisticated 

solutions for the LMD such as the use of innovative vehicles to reduce the labor cost, 

environmental impacts, and to improve efficiency. On the flipside, the developing countries 

are betting on solutions with a lower level of technology, easier to adopt, and with a lower 

investment, as they still have to face other recurring challenges. 

 

 
3 Methodology 

 
3.1 Analytic Hierarchy Process 

 
To investigate the impact of service expectations and alternatives for Brazilian e-commerce 

LMD, we adopted the multi-criteria method of the Analytic Hierarchy Process (AHP) (Saaty, 

1980). It is commonly adopted for decision-making, supported by the AHP tool developed by 

Tomas L. Saaty and the objective is to solve problems with the multiple criteria technique 

(Maletič et al., 2014). 

The first step of the method is a definition of decision tree containing the problem (goal), 

criteria of evaluation, and alternatives. Based on the literature presented in Table 8 we defined 

these parameters considering the different methods of delivery and service expectations. 

Regarding the literature implication for the LMD services expectations, we found ground in 

several papers, that were able to better explore the practical implications covering the 

consumer’s expectations and the logistics service provider, to cite some used in the literature 

review related to each selected expectation we can find: Delivery Point (Bjerkan et al., 2020; 

Hübner et al., 2016; Irakleous, 2018); Time and Speed (Allen et al., 2018; Devari et al., 2017; 

Murray & Chu, 2015; Shao et al., 2019); Track and Trace (Altenried, 2019; Groß et al., 2017; 

Papoutsis & Nathanail, 2016; Roque-Cilia et al., 2019); Value-Added (Hübner et al., 2016; 

Wang et al., 2016); Security (M. Xu et al., 2008) and Cost ((Bhutta & Huq, 2002; Cárdenas et 

al., 2017; Gevaers et al., 2014; Lin et al., 2016; Ranieri et al., 2018). For the alternatives, Table 

6 summarizes the main authors used to determine it. 
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Table 6 - Description of the literature used to assist in assigning the weights of the alternatives in the parity 

comparisons. 

 
 

 
 

Author (Alphabetic 

order) 

 

 
Aljohani & Thompson, 

2020 

 
 

Parcel 

Locker 

 
Delivery 

point & Pick- 

up design 

 

 
x 

Urban 

distribution 

alternatives 

(multimodal, 

small truck, 

motorcycle) 

 

 
Drone 

Allen et al., 2018 x 

Altenried, 2019 x 

Balm et al., 2016 x 

Bjerkan et al., 2020 x 

Boysen et al., 2018 x 

Caragliu & Del Bo, 2018 x 

Crainic & Montreuil, 2016 x 

El-Adle et al., 2019 x 

Giones & Brem, 2017 x 

Gonzalez-R et al., 2020 x 

Iwan et al., 2016 x 

Kellermann et al., 2020 x 

Lin et al., 2020 x 

Lu & Yang, 2019 x 

Savelsbergh & Van 

Woensel, 2016 
x

 

Vakulenko et al., 2018 x 

Watkins et al., 2020 x 

Experts x 

 

The LMD services expectations established were: (1) Delivery Point; (2) Time and Speed; (3) 

Track and Trace; (4) Value-Added; (5) Security; and (6) Cost, and five alternatives: (1) Small 

Truck; (2) Motorcycle; (3) Smart Lockers; (4) Drones; and (5) Multi-Modal. Figure 7 presents 

the decision tree of the problem. 
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Figure 7 - Decision Tree. Source: Authors, 2021 

 

 

Afterward, we performed the judgments of the pairwise comparison using data collected from 

a survey conducted as can be seen in the next section. This step in AHP means to align the 

criteria and alternatives using a scale of importance numbered 1-9, where (1) is considered the 

least important and (9) (the most) important, Table 9. 

      Table 9 - Parity comparison scale.       

Scale Meaning 

1 Equally important 

3 Moderate importance 

5 Strong importance 

7 Very strong importance 

9 Extremely important 

2.4.6.8 Intermediate values 

Source: Adapted from (Saaty & Sagir, 2009) 

 

 

The AHP tool converts comparisons into fractions where the weight of each element in the 

decision model is established (Saaty & Sagir, 2009). The comparisons consider relative weights 

among the criteria that must be evaluated. It only remains to calculate the statistical probability 

of each of the alternatives. Thus, the probability of an alternative reaching the previously 

established objectives is determined (Wollmann, 2017). 

The final step is to check the consistency of the model using the Consistency Index (CI), 

Random Consistency Index (RCI), and Consistency Ratio (CR). L. Xu et al. (2013) explained 

that in Professor Saaty methodology if the CR < 0.1, then the decision can be considered 
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acceptable, if not the pairwise comparison matrix should be adjusted to remove the 

inconsistency. 

The consistency is checked using the following parameters: 
 

1. Finding the relative weights and ℷmax for each pairwise comparison matrix of order n, 

2. Finding the consistency index for each matrix of order n by Equation 1: 

 

 
CI = (ℷmax - n) / (n-1) (1) 

 

3. Then, calculating the consistency ratio using Equation 2: 

 

 
CR= CI/RCI (2) 

 

4. Determining the global weight of each criterion and rank them accordingly. 

 

 
The decision model variables were calculated as well as the consistency index using the 

software SuperDecisions® v 2.10.0. 

 

 
3.1 Data collection 

 
The data were obtained using an online survey (Google Forms®). We sent it to 57 logistics 

specialists from the LMD Market. Both local and multinational companies in March 2021. The 

questionnaires had a response rate of 47%, the majority of respondents were from multinational 

companies with active last mile operations in Brazil, Table 10. 

 

 

Table 10 - Questionaries Summary 
 

Company Type Amount % 

Brazilian Local Provider 12 44 

Multinational Company 15 56 

Total Answered 27 100 

Source: Authors, 2021 

 

The survey was composed of seven sections and fifty questions to establish the pairwise 

importance of each criterion and alternative presented, being six criteria and five alternatives 

for evaluation. Due to the fact of the use of electronic form it was necessary to define two 
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questions per comparison. Firstly, what was the best option in the respondent’s view, and 

secondly how much more on a parity comparison scale. The participation of specialists to judge 

is fundamental for the decision tree construction in the Analytic Hierarchy Process - AHP (Reis 

et al., 2016). 

Using the pair-comparison tabulated values from the specialist’s responses an overall response 

was established using geometric average (Ishizaka e Labib, 2011), this step aimed at obtaining 

the respondents’ knowledge in aggregation to achieve greater generalizability of results, 

Equation 3. 

 

𝑛 

(𝖦𝑎i) = 

i=1 

 
 

𝑛√𝑎1 𝑎2 … 𝑎𝑛 

 
(3) 

 

 

4 Results and Discussion 

 
Our results were divided into two scenarios: (i) including cost criterion, and (ii) removing cost 

criterion, to identify the best alternative besides cost-relation. We assume at the beginning of 

the research that the cost could lead the decisions affecting other facts (Saaty, 1980). Therefore, 

we structured the analysis based on that. However, the results indicated that this assumption 

was not confirmed as can be seen in the results of Table 11. Bhutta & Huq (2002) point out 

that the AHP approach can consider cost criterion and be used as a multifactor decision-making 

environment, where subjective and/or intuitive consideration has to be incorporated. 

 

 

Table 11 - Criteria Ranking 

Scenario I - Cost Included Scenario II - Cost Removed 
 

Criteria % Cost Included Priority Criteria % Cost Removed Priority 

Security 

Cost 

Time and Speed 

Tracking and Trace 

Delivery Point 

35.90 

24.75 

15.87 

10.48 

8.17 

1 

2 

3 

4 

5 

Security 

Time and Speed 

Tracking and Trace 

Delivery Point 

Value-Added 

42.07 

24.91 

15.22 

11.17 

6.62 

1 

2 

3 

4 

5 

 

Value-Added 
4.83 6 

Cost - 
 - 

Inconsistency (CR) 9.67% Inconsistency (CR) 9.99% 
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Based on methodology limits acceptance, both scenarios can be considered acceptable due to 

the CR < 0.1 (Saaty & Sagir, 2009; L. Xu et al., 2013). 

Note that security is the central criterion priority in both scenarios. This reveals that security 

brought a more holistic role for LMD, encompassing not only cargo-risk related but also health- 

risk. Schwab et al. (2021) alerts that manifested through persistent and emerging risks to human 

health, rising unemployment, widening digital divides, and youth disillusionment can have 

severe consequences in an era of compounded economic, environmental, geopolitical, and 

technological risks. 

Certainly, costs are still a huge concern, especially for LMD companies. Manners-Bell, (2019) 

highlights that the express parcels industry has undergone a critical transformation over years. 

At the outset, it was far from certain that many of the major express players, such as UPS, 

FedEx, or DHL would embrace home delivery due to the high costs involved in the number of 

undelivered parcels caused by “not-at-home” end-recipients. Nowadays, B2C is an important 

part of the major players’ thinking and revenues. The criteria results presented in this research, 

merge those major international players, with local players, giving a more realistic perspective 

from Brazil. 

Both scenarios indicate that value-added is the least relevant index according to experts, this 

could be a reflection of the shift in the retail market, where businesses are adapting to the new 

scenarios and trying to figure out the contemporary concept of value-added at this point. 

Lipsman et al. (2020) suggests that the destruction of old retail will provide openings for the 

green shoots of modern concepts to emerge; new flagships, store-of-the-future concepts, small- 

footprint D2C locations, click-and-collect hubs, and dark stores will begin to dot the brick-and- 

mortar landscape, giving us a glimpse of what next-generation retail has in store. 

Tracking and trace become more relevant without costs involved because the tracking 

integration depends on ICT technologies. Delfmann et al. (2018) say that ICT solutions permit 

common access to data by business partners, e.g. logistics service providers, shippers, 

subcontractors via the cloud in real-time; this data can include sender-related and recipient- 

related order statuses as well as available resources – the challenge in Brazil due to its 

dimension, as discussed in section 2. There are more than 724 thousand autonomous carriers 

and 103 million registered cargo vehicles (CNT, 2021). So, how to connect all subcontractors 

under a real-time cloud at a low cost? This question remains unanswered. 
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The criterion time and speed is the one that suffers the highest variation in percentage, 9.04% 

between both scenarios leading us to assume that if the cost was not so relevant the time and 

speed may increase its importance. At this point, we can’t compare those results with the United 

States Market, for instance, where Manners-Bell (2019) points out that delivery times are 

getting ever-faster, with the number of same-day and one-or two-hour delivery services rising, 

which is having a knock-on effect on customer expectations. As we saw in the previous sections, 

the average delivery time in Brazil is 11.8 days (Ebit-Nielsen, 2021), hence, the costs related to 

shortening for same day delivery, would be huge and impracticable for Brazil, shortly. 

From a delivery point perspective, a lower interest prioritizing it was noted, once this criterion 

used to be a huge concern and considered a cost center. As described by Kedia et al. (2019) 

Kedia et al. (2019), customers missing home deliveries have increased and they mentioned the 

example of New Zeland that over 10% of home deliveries fail during the first attempt. One of 

the possible reasons for that is the work-from-home culture established during the pandemic, 

addressing not at home issues for now. PWC (2021) highlights that remote work has been an 

overwhelming success for both employees and employers. Around 83% of US employers say 

the shift to remote work has been successful for their company, which may indicate a trend 

post-COVID-19. 

Analyzing the presented alternatives, the priorities revealed a difference between both 

scenarios, probably influenced by the cost relevance on their implementation and maintenance, 

Table 12. 

Table 12 - Alternatives Ranking 
 

Scenario I - Cost Included Scenario II - Cost Removed 
 

Alternatives % Cost Included Priority Alternatives % Cost Removed Priority 

Smart Locker 28.83 1 Small Truck 26.42 1 

Motorcycle 24.70 2 Smart Locker 25.64 2 

Small Truck 24.27 3 Motorcycle 24.22 3 

Drone Delivery 11.98 4 Drone Delivery 13.70 4 

Multi-Modal 10.22 5 Multi-Modal 10.02 5 

 

 

 
Smart locker alternative results show an alignment from LMD providers in Brazil with World’s 

trend, even before the pandemic. Click and collect was a growing trend in the United States, as 

consumers found they enjoyed the convenience and cost-savings of purchasing online and 
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picking up their order on the way home from work or while running errands (Lipsman et al., 

2020). In Brazil, apart from the convenience, lockers are considered also a secure alternative, 

matching with security criterion priority. A refresh finding for the Brazilian market since smart 

lockers are not a complete reality in the country. 

Even though small trucks are the current most common alternative in Brazil, as a result of its 

transport matrix; the maintenance costs, oil & gas, and labor costs related impact directly LMD 

providers. The regulatory Oil & Gas Company – Petrobras boosted the price of wholesale diesel 

5% to USD 0.48/liter - it was the fourth increase to domestic diesel prices since the start of 

2021; Gasoline was elevated 4.8% to USD 0.46/l - was the fifth increase to gasoline prices so 

far in 2021 (S&P Global Platts, 2021), this is one of the reasons for small truck increasing its 

priority without costs included. 

For drones, there are non-costs barriers related to regulation that is not approved in Brazil for 

commercial delivery use. Even in other countries, this alternative is still embryonic, (Tang & 

Veelenturf (2019) point out that this alternative is part of Logistics 4.0, but only develop 

countries such as the United States, China, Australia, and Germany have successful examples 

so far, but those countries pave the way for such emerging technologies applies to LMD. 

Motorcycles could be considered the lowest cost alternative for fast delivery, especially in 

urban centers. This alternative is not mentioned in any of the papers consulted in this research, 

being a local alternative, to compete with small trucks. 

Overall, in the literature, LMD is considered the most expensive logistics process related to 

business to consumer orders (Lim & Srai, 2018; Mangiaracina et al., 2019; Seghezzi et al., 

2020). However, this research revealed that even with this statement, Brazilian LMD service 

providers interviewed do not prioritize cost over security, which makes sense considering 

Brazil's reality. According to data from (NTC & Logistica (2019), the rate of cargo theft in 

Brazil increased over the years, in 2017 there were almost 26 thousand cases, representing a 

value subtracted from BRL 1.6 billion in highways and urban areas, not surprisingly Brazil is 

ranked as (132nd/141) for security pillar on World Economic Forum report (Schwab, 2019). 

Another common scholar's statement is that there is a gap between consumer desires (service 

level and quality) and logistics companies' concerns (reduce costs, stay competitive) (de Araújo 

et al., 2020; Mangiaracina et al., 2019) Our research results indicate that this fact could be 

changing because the cost was not the first in the rank and value-added is ranked in the last 

position. 
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5 Conclusion 

 
Our research opened a new perspective related to last-mile e-commerce expectation, focusing 

on logistics providers' angle rather than the final consumer experience. The objective was to 

look inside logistics companies (local and multinational) to understand how those companies 

consider applicable to provide a better experience for e-consumers. 

The analytic hierarch analysis enabled us to have a more holistic perspective from the Brazilian 

market and comprehend the most applicable criteria for LMD service providers. Evidencing is 

not only a cost-driven statement but opening new possibilities in terms of e-commerce LMD 

innovation and investments. Obviously, cost still plays an important role in this process. 

The unprecedented AHP outcome, prioritizing security over costs shed the light on new 

perspectives in this field. One indication is that experts’ predilection for smart lockers as the 

number one priority alternative, overpassing motorcycles, and small trucks, including cost 

criterion and considering Brazil’s transportation matrix – majority road transport – made this 

choice not so obvious. These results could suggest a desire of LMD providers to consider 

innovative e-commerce solutions and may lead the Industry to draw a new chapter of Brazilian 

LMD. 

We conclude that the current global landscape may affect some results. Security over cost 

criterion, for instance, may have a connotation in Health Security. We need to take into account 

that security not only entails cargo but people as well. Therefore, it was necessary to create 

safety measures to deal with logistics operations during the pandemic crisis. Security is a 

genuine concern from now on that we should observe for further research in LMD. This may 

be evidence for the choice of the smart locker as a priority alternative, for being considered a 

secure way to deliver and to be contactless, avoiding coronavirus contamination from a 

deliveryman, or vice-versa. 

As the limitation of the work, the results found may be influenced by COVID-19, mostly in 

Brazil, when until 26th March reported by the official Data Repository (Center for Systems 

Science and Engineering (CSSE) at Johns Hopkins University, 2021) the country has 12.4 

million of cases and 307 thousand confirmed deaths, representing almost 10% of worldwide 

cases, but should be not invalidated because of it. 
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Despite those unprecedented figures, the future is still unknown regarding the pandemic. 

However, online new e-consumers certainly will be a trend, being recommended continuous 

investments and research in this field. 

Finally, we believed that the findings of this paper can contribute to LMD research in this sense 

to comprehend the challenges and the new consumers’ behavior towards the e-commerce 

segment. Therefore, we cannot consider LMD only in the context of the current pandemic crisis 

and its effects rather than a more comprehensive view involving the feasibility of arising other 

crises and consumers’ trends. 

 

 
Acknowledgments 

 
This study was financed in part by the Coordination of Improvement of Personal Higher 

Education - Brazil (CAPES) - Finance Code 001. 

Our sympathy to all victims of the COVID-19 

 

 

References 

 

 

Aljohani, K., & Thompson, R. G. (2020). An Examination of Last Mile Delivery Practices of 

Freight Carriers Servicing Business Receivers in Inner-City Areas. Sustainability, 12(7), 2837. 

https://doi.org/10.3390/su12072837 

 

Allen, J., Piecyk, M., Piotrowska, M., McLeod, F., Cherrett, T., Ghali, K., Nguyen, T., Bektas, 

T., Bates, O., Friday, A., Wise, S., & Austwick, M. (2018). Understanding the impact of e- 

commerce on last-mile light goods vehicle activity in urban areas: The case of London. 

Transportation Research Part D: Transport and Environment, 61, 325–338. 

https://doi.org/10.1016/j.trd.2017.07.020 

 

Altenried. (2019). On the last mile: Logistical urbanism and the transformation of labour. Work 

Organisation, Labour & Globalisation, 13(1), 114. 

https://doi.org/10.13169/workorgalaboglob.13.1.0114 



102 
 

Balm, S., Amstel, W. P. van, Habers, J., Aditjandra, P., & Zunder, T. H. (2016). The Purchasing 

Behavior of Public Organizations and its Impact on City Logistics. Transportation Research 

Procedia, 12, 252–262. https://doi.org/10.1016/j.trpro.2016.02.063 

 

Bhutta, K. S., & Huq, F. (2002). Supplier selection problem: A comparison of the total cost of 

ownership and analytic hierarchy process approaches. Supply Chain Management: An 

International Journal, 7(3), 126–135. https://doi.org/10.1108/13598540210436586 

 

Bjerkan, K. Y., Bjørgen, A., & Hjelkrem, O. A. (2020). E-commerce and prevalence of last 

mile practices. Transportation Research Procedia, 46, 293–300. 

https://doi.org/10.1016/j.trpro.2020.03.193 

 

Boysen, N., Briskorn, D., Fedtke, S., & Schwerdfeger, S. (2018). Drone delivery from trucks: 

Drone scheduling for given truck routes. Networks, 72(4), 506–527. 

https://doi.org/10.1002/net.21847 

 

Caragliu, A., & Del Bo, C. F. (2018). Smart innovative cities: The impact of Smart City policies 

on urban innovation. Technological Forecasting and Social Change. 

https://doi.org/10.1016/j.techfore.2018.07.022 

 

Cárdenas, I., Beckers, J., & Vanelslander, T. (2017). E-commerce last-mile in Belgium: 

Developing an external cost delivery index. Research in Transportation Business & 

Management, 24, 123–129. https://doi.org/10.1016/j.rtbm.2017.07.006 

 

Center for Systems Science and Engineering (CSSE) at Johns Hopkins University. (2021). 

Coronavirus COVID-19 (2019-nCoV). 

https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ec 

f6 

 

CNT - Confederação Nacional do Transporte. (2021). Anuário CNT do Transporte. 

https://anuariodotransporte.cnt.org.br/2020/Rodoviario/1-1-/Inicial 

 

Crainic, T. G., & Montreuil, B. (2016). Physical Internet Enabled Hyperconnected City 

Logistics. Transportation Research Procedia, 12, 383–398. 

https://doi.org/10.1016/j.trpro.2016.02.074 

http://www.arcgis.com/apps/opsdashboard/index.html%23/bda7594740fd40299423467b48e9ec


103 
 

de Araújo, F. A., dos Reis, J. G. M., & da Cruz Correia, P. F. (2020). The Role of Last-Mile 

Delivery in the Future of E-Commerce. In B. Lalic, V. Majstorovic, U. Marjanovic, G. von 

Cieminski, & D. Romero (Eds.), Advances in Production Management Systems. The Path to 

Digital Transformation and Innovation of Production Management Systems (Vol. 591, pp. 

307–314). Springer International Publishing. https://doi.org/10.1007/978-3-030-57993-7_35 

 

Delfmann, W., ten Hompel, M., & Kersten, W. (2018). Logistics as a Science – Central 

Research Questions in the Era of the Fourth Industrial Revolution (9th ed.). 

Bundesvereinigung Logistik (BVL) e.V. https://doi.org/10.23773/2018_9 

 

Devari, A., Nikolaev, A. G., & He, Q. (2017). Crowdsourcing the last mile delivery of online 

orders by exploiting the social networks of retail store customers. Transportation Research 

Part E: Logistics and Transportation Review, 105, 105–122. 

https://doi.org/10.1016/j.tre.2017.06.011 

 

Ebit-Nielsen. (2021). WebShoppers—O mais completo relatório sobre o e-commerce. 

https://company.ebit.com.br/webshoppers/webshoppersfree 

 

El-Adle, A. M., Ghoniem, A., & Haouari, M. (2021). Parcel delivery by vehicle and drone. 

Journal of the Operational Research Society, 72(2), 398–416. 

https://doi.org/10.1080/01605682.2019.1671156 

 

e-Markerter - InsiderIntelligence. (2021, April). Consumo en tiempos de COVID-19. Insider 

Intelligence. https://www.emarketer.com/content/latin-america-ecommerce-2020 

 

Gevaers, R. (2013). Evaluation of innovations in B2C last mile, B2C reverse & waste logistics 

proefschrift. Universiteit Antwerpen, Faculteit Toegepaste Economische Wetenschappen. 

 

Gevaers, R., Van de Voorde, E., & Vanelslander, T. (2011). Characteristics and Typology of 

Last-mile Logistics from an Innovation Perspective in an Urban Context. In C. Macharis & S. 

Melo, City Distribution and Urban Freight Transport (p. 14398). Edward Elgar Publishing. 

https://doi.org/10.4337/9780857932754.00009 

 

Gevaers, R., Van de Voorde, E., & Vanelslander, T. (2014). Cost Modelling and Simulation of 

Last-mile Characteristics in an Innovative B2C Supply Chain Environment with Implications 

http://www.emarketer.com/content/latin-america-ecommerce-2020


104 
 

on Urban Areas and Cities. Procedia - Social and Behavioral Sciences, 125, 398–411. 

https://doi.org/10.1016/j.sbspro.2014.01.1483 

 

Giones, F., & Brem, A. (2017). From toys to tools: The co-evolution of technological and 

entrepreneurial developments in the drone industry. Business Horizons, 60(6), 875–884. 

https://doi.org/10.1016/j.bushor.2017.08.001 

 

Gonzalez-R, P. L., Canca, D., Andrade-Pineda, J. L., Calle, M., & Leon-Blanco, J. M. (2020). 

Truck-drone team logistics: A heuristic approach to multi-drop route planning. Transportation 

Research Part C: Emerging Technologies, 114, 657–680. 

https://doi.org/10.1016/j.trc.2020.02.030 

 

Groß, P.-O., Ehmke, J. F., Haas, I., & Mattfeld, D. C. (2017). Evaluation of Alternative Paths 

for Reliable Routing in City Logistics. Transportation Research Procedia, 27, 1195–1202. 

https://doi.org/10.1016/j.trpro.2017.12.067 

 

Hübner, A., Kuhn, H., & Wollenburg, J. (2016). Last mile fulfilment and distribution in omni- 

channel grocery retailing: A strategic planning framework. International Journal of Retail & 

Distribution Management, 44(3), 228–247. https://doi.org/10.1108/IJRDM-11-2014-0154 

 

Irakleous, A. (2018). Modeling Framework for last-mile logistics services. University of the 

Aegean, 12. 

 

Iwan, S., Kijewska, K., & Lemke, J. (2016). Analysis of Parcel Lockers’ Efficiency as the Last 

Mile Delivery Solution – The Results of the Research in Poland. Transportation Research 

Procedia, 12, 644–655. https://doi.org/10.1016/j.trpro.2016.02.018 

 

Kedia, Kusumastuti, & Nicholson. (2019). Establishing Collection and Delivery Points to 

Encourage the Use of Active Transport: A Case Study in New Zealand Using a Consumer- 

Centric Approach. Sustainability, 11(22), 6255. https://doi.org/10.3390/su11226255 

 

Kellermann, R., Biehle, T., & Fischer, L. (2020). Drones for parcel and passenger 

transportation: A literature review. Transportation Research Interdisciplinary Perspectives, 

100088. https://doi.org/10.1016/j.trip.2019.100088 



105 
 

Kull, T. J., Boyer, K., & Calantone, R. (2007). Last‐mile supply chain efficiency: An analysis 

of learning curves in online ordering. International Journal of Operations & Production 

Management, 27(4), 409–434. https://doi.org/10.1108/01443570710736985 

 

Lim, S. F. W. T., & Srai, J. S. (2018). Examining the anatomy of last-mile distribution in e- 

commerce omnichannel retailing: A supply network configuration approach. International 

Journal of Operations & Production Management, 38(9), 1735–1764. 

https://doi.org/10.1108/IJOPM-12-2016-0733 

 

Lin, J., Chen, Q., & Kawamura, K. (2016). Sustainability SI: Logistics Cost and Environmental 

Impact Analyses of Urban Delivery Consolidation Strategies. Networks and Spatial 

Economics, 16(1), 227–253. https://doi.org/10.1007/s11067-014-9235-9 

 

Lipsman, A. (2020, May). Frictionless Commerce 2020: How Coronavirus Is Accelerating 

Seamless Omnichannel Retail. Insider Intelligence. 

https://www.emarketer.com/content/frictionless-commerce-2020 

 

Lipsman, A., Carasus, B., Kats, R., Kiu, C., Wurmser, Y., Enberg, J., Koch, L., & Rotondo, A. 

(2020). Future of Retail 2021. https://www.emarketer.com/content/future-of-retail-2021 

 

Lu, E. H.-C., & Yang, Y.-W. (2019). A hybrid route planning approach for logistics with 

pickup and delivery. Expert Systems with Applications, 118, 482–492. 

https://doi.org/10.1016/j.eswa.2018.10.031 

 

Macharis, C., & Melo, S. (2011). City Distribution and Urban Freight Transport: Multiple 

Perspectives. Edward Elgar Publishing. 

 

Maletič, D., Maletič, M., Lovrenčić, V., Al-Najjar, B., & Gomišček, B. (2014). An Application 

of Analytic Hierarchy Process (AHP) and Sensitivity Analysis for Maintenance Policy 

Selection. Organizacija, 47(3), 177–188. https://doi.org/10.2478/orga-2014-0016 

 

Mangiaracina, R., Perego, A., Seghezzi, A., & Tumino, A. (2019). Innovative solutions to 

increase last-mile delivery efficiency in B2C e-commerce: A literature review. International 

Journal of Physical Distribution & Logistics Management, 49(9), 901–920. 

https://doi.org/10.1108/IJPDLM-02-2019-0048 

http://www.emarketer.com/content/frictionless-commerce-2020
http://www.emarketer.com/content/future-of-retail-2021


106 
 

Manners-Bell, J. (2019). Future of Logistics. Inter-American Development Bank. 

https://doi.org/10.18235/0001729 

 

Ministério da Infraestrutura. (2020). Infraestrutura Brasil. Ministério da Infraestrutura. 

https://www.gov.br/infraestrutura/pt-br/capa-ministerio-da-infraestrutura 

 

Murray, C. C., & Chu, A. G. (2015). The flying sidekick traveling salesman problem: 

Optimization of drone-assisted parcel delivery. Transportation Research Part C: Emerging 

Technologies, 54, 86–109. https://doi.org/10.1016/j.trc.2015.03.005 

 

NTC & Logistica. (2019, May 1). Anuário NTC 2017-2018. 

http://www.ntctec.org.br/download/arquivo/estatisticas2017.pdf 

 

Papoutsis, K., & Nathanail, E. (2016). Facilitating the Selection of City Logistics Measures 

through a Concrete Measures Package: A Generic Approach. Transportation Research 

Procedia, 12, 679–691. https://doi.org/10.1016/j.trpro.2016.02.021 

 

Peña, I. (2021). Tecnolatinas 2021: The LAC Startup Ecosystem Comes of Age. Inter-American 

Development Bank. https://doi.org/10.18235/0003080 

 

PWC - Liga Insights. (2019, November 19). Logtechs—As inovações e startups na Logística. 

Liga Insights. https://insights.liga.ventures/estudos-completos/logtechs/ 

 

Ranieri, L., Digiesi, S., Silvestri, B., & Roccotelli, M. (2018). A Review of Last Mile Logistics 

Innovations in an Externalities Cost Reduction Vision. Sustainability, 10(3), 782. 

https://doi.org/10.3390/su10030782 

 

Reis, J. G. M. dos, Vendrametto, O., Naas, I. de A., Costabile, L. T., & Machado, S. T. (2016). 

Avaliação das Estratégias de Comercialização do Milho em MS Aplicando o Analytic 

Hierarchy Process (AHP). Revista de Economia e Sociologia Rural, 54(1), 131–146. 

https://doi.org/10.1590/1234-56781806-9479005401007 

 

Reuters. (2020). Freight costs slashed 6.5% in Brazil as new pricing table gets underway 

\textbar Reuters Events \textbar Supply Chain & Logistics Business Intelligence. 

https://www.reutersevents.com/supplychain/freight/freight-costs-slashed-65-brazil-new- 

pricing-table-gets-underway 

http://www.gov.br/infraestrutura/pt-br/capa-ministerio-da-infraestrutura
http://www.ntctec.org.br/download/arquivo/estatisticas2017.pdf
http://www.reutersevents.com/supplychain/freight/freight-costs-slashed-65-brazil-new-


107 
 

Revista Mundo Logística. (2020). Brasil tem 283 startups de logística. Conheça as 10 maiores 

|. https://revistamundologistica.com.br/noticias/brasil-tem-283-startups-de-logistica-conheca- 

as-10-maiores 

 

Roque-Cilia, S., Iliana Tamariz-Flores, E., Torrealba-Meléndez, R., & Covarrubias-Rosales, 

D. H. (2019). Transport tracking through communication in WDSN for Smart Cities. 

Measurement. https://doi.org/10.1016/j.measurement.2019.02.085 

 
Saaty, T. L. (1980). The Analytic Hierarchy Process: Planning, priority setting, resource 

allocation. McGraw-Hill International Book Company. 

 
 

Saaty, T. L., & Sagir, M. (2009). Extending the measurement of tangibles to intangibles. 

International Journal of Information Technology & Decision Making, 08(01), 7–27. 

https://doi.org/10.1142/S0219622009003247 

 

Savelsbergh, M., & Van Woensel, T. (2016). 50th Anniversary Invited Article—City Logistics: 

Challenges and Opportunities. Transportation Science, 50(2), 579–590. 

https://doi.org/10.1287/trsc.2016.0675 

Schwab, K. (2019). The Global Competitiveness Report 2019 

(http://www3.weforum.org/docs/WEF_TheGlobalCompetitivenessReport2019.pdf).  World 

Economic Forum. 

http://www3.weforum.org/docs/WEF_TheGlobalCompetitivenessReport2019.pdf 

 
Schwab, K., & Zahidi, S. (2020). How Countries are Performing on the Road to Recovery. 

World Economic Forum. www.weforum.org 

 

Seghezzi, A., Mangiaracina, R., Tumino, A., & Perego, A. (2020). ‘Pony express’ 

crowdsourcing logistics for last-mile delivery in B2C e-commerce: An economic analysis. 

International Journal of Logistics Research and Applications, 1–17. 

https://doi.org/10.1080/13675567.2020.1766428 

 

Shao, S., Xu, G., Li, M., & Huang, G. Q. (2019). Synchronizing e-commerce city logistics with 

sliding time windows. Transportation Research Part E: Logistics and Transportation Review, 

123, 17–28. https://doi.org/10.1016/j.tre.2019.01.007 

http://www3.weforum.org/docs/WEF_TheGlobalCompetitivenessReport2019.pdf)
http://www3.weforum.org/docs/WEF_TheGlobalCompetitivenessReport2019.pdf
http://www.weforum.org/


108 
 

Souza, C. de O., D’Agosto, M. de A., Bandeira, R. A. de M., & Almeida, I. R. P. L. de. (2020). 

Soluções para o transporte urbano de cargas na etapa de última milha. urbe. Revista Brasileira 

de Gestão Urbana, 12, e20190138. https://doi.org/10.1590/2175-3369.012.e20190138 

 

S&P Global Platts. (2021, March 1). Brazil’s Petrobras to increase diesel, gasoline prices by 

5%, effective March 2. https://www.spglobal.com/platts/en/market-insights/latest- 

news/oil/030121-brazils-petrobras-to-increase-diesel-gasoline-prices-by-5-effective-march-2 

 

Tang, C. S., & Veelenturf, L. P. (2019). The strategic role of logistics in the industry 4.0 era. 

Transportation Research Part E: Logistics and Transportation Review, 129, 1–11. 

https://doi.org/10.1016/j.tre.2019.06.004 

 

Taniguchi, E., Thompson, R. G., Yamada, T., & van Duin, R. (2001). City Logistics: Network 

Modelling and Intelligent Transport Systems. Emerald Group Publishing Limited. 

https://doi.org/10.1108/9780585473840 

 

The World Bank - IBRD/IDA. (2021). The World Bank In Brazil [Text/HTML]. World Bank. 

https://www.worldbank.org/en/country/brazil/overview 

 

Trott, M., Baur, N.-F., der Landwehr, M. A., Rieck, J., & von Viebahn, C. (2021). Evaluating 

the Role of Commercial Parking Bays for Urban Stakeholders on Last-Mile Deliveries – A 

Consideration of Various Sustainability Aspects. Journal of Cleaner Production, 127462. 

https://doi.org/10.1016/j.jclepro.2021.127462 

 

Vakulenko, Y., Shams, P., Hellström, D., & Hjort, K. (2019). Service innovation in e- 

commerce last mile delivery: Mapping the e-customer journey. Journal of Business Research. 

https://doi.org/10.1016/j.jbusres.2019.01.016 

 

Wang, Y., Zhang, D., Liu, Q., Shen, F., & Lee, L. H. (2016). Towards enhancing the last-mile 

delivery: An effective crowd-tasking model with scalable solutions. Transportation Research 

Part E: Logistics and Transportation Review, 93, 279–293. 

https://doi.org/10.1016/j.tre.2016.06.002 

 

Watkins, S., Burry, J., Mohamed, A., Marino, M., Prudden, S., Fisher, A., Kloet, N., Jakobi, 

T., & Clothier, R. (2020). Ten questions concerning the use of drones in urban environments. 

Building and Environment, 167, 106458. https://doi.org/10.1016/j.buildenv.2019.106458 

http://www.spglobal.com/platts/en/market-insights/latest-
http://www.worldbank.org/en/country/brazil/overview


109 
 

Wollmann, D. (2017). Analytic Hierachy Process suportando a avaliação por pares. Revista 

Diálogo Educacional, 17(52), 503–523. https://doi.org/10.7213/1981-416X.17.052.DS09 

 

Xu, L., Kumar, D. T., Shankar, K. M., Kannan, D., & Chen, G. (2013). Analyzing criteria and 

sub-criteria for the corporate social responsibility-based supplier selection process using AHP. 

The International Journal of Advanced Manufacturing Technology, 68(1), 907–916. 

https://doi.org/10.1007/s00170-013-4952-7 

 

Xu, M., Ferrand, B., & Roberts, M. (2008). The last mile of e-commerce &ndash; unattended 

delivery from the consumers and eTailers’ perspectives. International Journal of Electronic 

Marketing and Retailing, 2(1), 20. https://doi.org/10.1504/IJEMR.2008.016815 

 

Zhang, Y., He, D., Li, L., & Chen, B. (2020). A lightweight authentication and key agreement 

scheme for Internet of Drones. Computer Communications, 154, 455–464. 

https://doi.org/10.1016/j.comcom.2020.02.067 



110 
 

 

5 Final Considerations 

 
 

This work had as main target study the last mile logistics chain. To do so, integrate 

it to e-commerce urban delivery and analyze the current and future scenarios to un- 

derstand the most feasible innovative alternatives to overcome the challenges identified 

in the literature. 

It was structured in the form of articles that studied different aspects last-mile 

logistics and e-commerce implications. Each article is perfrmed to respond to the 

specific goals presented - sometimes more than one. 

 
5.1 Literature implications 

In this sense, articles I and II were more focused on understanding the literature 

on general aspects, expanding prior research in these fields, and starting to incline into 

e-commerce challenges as presented briefly in Article I. The initial finding in Article I, 

related to lockers alternative, agrees with the closing article IV, confirming the relevance 

indicated in terms of cost-efficiency, risk reduction and positive perception of the final 

consumer, adding a layer of LMD provider in Article IV. 

Article III was crucial to conduct this research, lending support for article IV and le- 

ading to an important discussion on stakeholders’ expectations among the e-commerce 

supply chain. Even though this comprehensive literature review, it was possible to shed 

light on logistics parcel providers, e-Shops, and e-Consumers gap expectations. The 

study confirmed the assumption that when it comes to LMD e-commerce, the present 

literature is very oriented on customer experience perspective but lack other perspec- 

tives such as LMD providers. 

The closing article IV contradicts a literature statement that logistics providers are 

mainly concerned and prioritizes cost criterion over others. The results provide insight 

into a possible change in that perspective which makes security overpasses cost crite- 

rion. On the feasible alternatives side, traditional choices, such as small truck deliveries 

lost place for more innovative alternatives such as smart lockers. Certainly, it is soon to 

build a new statement, but it’s important to not suppress these results and pay attention 

on other criteria rather than cost. 

 
5.2 Managerial implications 

During this research, the world were surprised by an unprecedented pandemic – 

COVID-19. It changed (still changing) the world, imposing new challenges, and puts 

an uncertainty mark in many areas, besides health. It is necessary to understand 
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that one of the roles of a researcher is to be tuned and try to anticipate objections in 

their research field. Because of this belief in article IV, it was incorporated COVID-19 

impacts and trends, considering that LMD and e-commerce played a key role in 2020. 

In this context this research allows logistics and e-commerce retails decision- 

makers to have more information and understand the expectations from the whole 

e-commerce and last-mile supply chain, making possible to build feasible solutions 

meeting those expectations and most important to build a resilient and efficient LMD 

system. 

 

5.3 Future research agenda 

This study covered all proposed objectives, at the same time a new challenge was 

raised – pandemic. Future research should go deeper into COVID-19 impacts, 

opportunities, and challenges for LMD related to e-commerce. In 2020, the world was 

not prepared for the high demand and “stay home” scenario, now its time to step back 

and analyze what we learned from it and how we can build a resilient LMD system, 

interconnected with omnichannel and other e-commerce trends to meet both consumer 

and providers expectations. 

It will be important to have a post-COVID-19 comparison, to understand the trends 

and permanent impacts on e-commerce sales, consumer behaviors, and LMD disrup- 

tion solutions and add cost-implications applied to the alternatives available. 
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