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Abstract: Nowadays, postal services and third-party logistics services (3PL) have been pressured by
the increasing demand for delivery services. Therefore, they need to improve their last-mile delivery
strategies to meet customers’ expectations. This paper aims to investigate how logistics service
expectations affect the delivery process in urban areas using a multiple-criteria decision support
system based on the Fuzzy Analytic Hierarchy Process (FAHP). We developed a decision-making
model employing six criteria and five delivery methods indicated in the literature and collected
information from 27 experts working in academia and local and multinational third-party logistics
providers in Brazil to validate this model. The results indicate that cost (21.4%) and tracking and
tracing (19.3%) are the most important two criteria in the decision model, and the best delivery
methods are smart lockers (21.8%) followed by small trucks (21.3%). Our results suggest that service
expectations regarding last-mile delivery are aligned with extensive use of road transport and the
increase in e-commerce sales can raise greenhouse gas emissions and compromise the environment
in urban areas.

Keywords: last-mile delivery; B2C; small parcels; Brazilian e-commerce; Analytical Hierarchy Process;
fuzzy logic

1. Introduction

Business-to-Customer (B2C) e-commerce is responsible for one of the most challenging
logistics processes due to high operational costs, insecurity, service level requirements, time
window pressures, and CO, emissions [1-5]. Compared with traditional offline retailing,
B2C has brought new challenges for companies [6]. In this sense, the complexities of the
physical distribution of products should not be underestimated and logistics is a way to
obtain a competitive advantage.

The most critical and expensive logistics process in fulfilling B2C orders is the last-mile
delivery [6-9]. Many B2C companies are striving to be more responsive in their last-mile
delivery services to increase sales and to obtain market share incurring a negative impact on
their operational costs (sometimes failing to cover their costs) [1]. Online companies usually
consider service level targets that they must meet to remain competitive [8]. However,
decisions about service level targets affect not only distribution costs but have serious
impacts on the number of cargo movements and gas emissions in urban areas.
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Last-mile delivery in B2C has been calling the attention of several researchers that are
trying to understand it to propose solutions to reduce its negative impacts on society and
to improve the logistics distribution process. Until 2016, the last-mile delivery literature
was focused on three perspectives [8]: (1) environmental sustainability; (2) effectiveness
customer service levels; and (3) efficiency costs. However, from 2016 to date, the concerns
were directed toward innovative perspectives and new technologies/solutions, such as
parcel lockers (smart lockers) [10-12]; delivery point and pick-up design [2,13-15]; city
logistics and urban distribution alternatives [1,16-20]; and drone deliveries [21-25].

Several relevant studies can be found in the literature. Allen et al. [1] investigated
the use of light goods vehicles for parcel deliveries in central London and identified poor
vehicle utilization in the last-mile delivery operation that increases the number of deliveries
and the volume of CO; and other greenhouse gas emissions (GHG). They concluded that
the main pressures on last-mile operators are: “managing seasonal peaks in demand;
reduced lead times between customers; placing orders and deliveries being made; meeting
delivery time windows; first-time delivery; and failure rates and the need to manage high
levels of product returns.” Therefore, these trade-offs may increase negative impact on the
environment, society, and economic performance of companies in the sector. However,
we found in the literature evidence that different practices can be adopted to tackle the
last-mile delivery problems. In Norway, Bjerkan et al. [2] surveyed 500 individuals and
found a correlation between travel behavior and last-mile delivery practices, where home
delivery is typically adopted in segments characterized by heavier goods, while pick-up
points were implemented to smaller goods that reduce the number of travels in the last
mile. In the same direction, Vakulenko et al. [26] noted the influence of customer behavior
in last-mile delivery services; they conducted focus group interviews and a usability test
that incorporated an innovative technology in the delivery service and provided insights
into how service innovation affects what they call “e-customer behavior”. Nevertheless,
they reaffirm that the remarkable growth of e-commerce is driven by consumers creating
challenging problems in the final leg of the supply chain.

There is no doubt that these previous studies contribute to the understanding of service
level expectations in last-mile delivery in the B2C sector. However, they are connected
to the consumer experience perspective rather than the challenges of logistics providers
to attend the rising service level in the e-commerce sector, showing a gap to be explored.
De Aratjo et al. [27] identified differences between e-consumers’ desires (low-cost freight;
faster delivery) versus last-mile delivery service providers’ desires (cost reduction; delivery
optimization), showing the lack of an efficient framework to deal with the challenges and
expectations from stakeholders. Eliyan et al. [28] suggested that last-mile delivery strategies
in the e-commerce sector need to be redesigned for companies considering the efficiency of
the operation and the transport costs while maintaining a desirable service level to meet
consumer expectations.

With these ideas in mind, we established three research questions to investigate the
last-mile delivery services:

RQ1—How do service level expectations affect logistics providers in deciding on
delivery methods to be used in the last-mile delivery of the B2C sector?

RQ2—How have new technologies been affecting the perception of logistics providers
of the delivery methods in last-mile delivery in the B2C sector?

RQ3—How does the decision making regarding delivery methods in last-mile delivery
in the B2C sector influence sustainability in urban areas?

Based on these research questions, this paper aims to investigate how logistics service
expectations affect the decision making of logistics service providers when they offer
alternatives to provide the last-mile delivery services in urban areas. To do so, we developed
a multiple-criteria decision support system based on the Fuzzy Analytical Hierarchy Process
(Fuzzy AHP). The criteria and alternatives were obtained from the literature.

To test the decision-making model developed based on the literature, we surveyed
27 professionals working in Brazil’s B2C last-mile delivery sector. These 27 professionals
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are experts in academia, local, and multinational third-party logistics service providers
(3PL). The country offers an interesting scenario due to its continental size, with differences
in development among regions where some areas are developed as the main metropoles
around the world, while others are far and underdeveloped. Therefore, the survey respon-
dents have a broader perspective of last-mile delivery service that contribute to compare
the results of the research with several different international perspectives.

The novelty of this paper is to propose a decision-making model for the last-mile
delivery alternatives based on the views of experts from 3PL and academia that can be
used to evaluate last-mile delivery strategies and their impacts. Note that once the logistics
service provider is accused of performing inferiorly by consumers, they need to investigate
such irregularities [5]; hence, this study can contribute to shedding light on the challenges
faced by companies regarding alternatives they offer in their last-mile delivery operations.

This paper is structured as follows: This introduction, a literature review with a
brief overview of the last-mile delivery literature, followed by the current situation in
Brazil. Then, the Fuzzy AHP methodology is explained and applied, followed by the
findings, discussion, and robustness checks, closing with conclusions and possibilities for
future research.

2. Last-Mile Delivery
2.1. Definitions

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. Last-mile
delivery has been termed as a delivery issue and has been a particular issue from a logistics
infrastructure standpoint, most notably because of the trade-offs between routing efficiency
and customer convenience [29].

Gevaers et al. [30] define the last mile as the final leg in a B2C service, whereby the con-
signment is delivered to the recipient either at the recipient’s home or at a collection point.
Additionally, Gevaers [31] 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, there are mainly three distribution (selling) options: either
through traditional outlets such as stores or supermarkets, 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 B2C deliveries. Lim
and Srai [7] agree that the last mile refers to the final leg of a network and establishes its
origin in the telecommunications industry.

Lim and Srai [7] also point out that although several contributions have been made
in the last-mile logistics domain, the literature models remain relatively fragmented, hin-
dering a comprehensive and holistic understanding of the topic to direct research efforts.
Eventually, Lim and Srai [7] 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 they offer the 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”.

It is common ground in the literature to link last-mile delivery to city logistics research.
Dating back to the 2000s, when e-commerce was emerging, Taniguchi et al. [32] advise
that the development of e-commerce makes city logistics more important. The authors
identify two points to discuss the impact of last-mile operations 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.
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Nowadays, e-commerce and logistics are bonded and it is difficult to imagine our
world without either of them. Gevaers et al. [30] build a last-mile delivery typology and
explore the delivery methods, as shown in Figure 1.

Supplier/Retail/Logistics
Starting Point Last Mile Provider Distribution
Center

Pick-up retailer

H
Place of Delivery or distribution Clustering ome
Delivery
center

Reception Collection Points (Book Post offices

Type of Delivery p shops, Petrol Stations, and Smart
Boxes
Partner Stores, etc.) lockers

Figure 1. Last-mile delivery methods, adapted from Gevaers et al. [30].

According to Gevaers et al. [30], 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. We discuss some of
those aspects as part of the decision criteria selection.

2.2. Context of Last Mile in Brazil

Brazil is the largest country in Latin America and its population in 2018 was estimated
at over 209 million people; more than 87% live in urban areas [33]. It is a complex country
in terms of logistics, considering its continental dimension and poor infrastructure.

Supplying the urban population is a global concern. Ranieri et al. [34] emphasize that
about 54% of the population now lives in cities and around 66% is expected in 2050. Urban
areas require a massive quantity of goods, services, and resources, causing many troubles
for citizens.

Ranieri et al. [34] reinforce that in last-mile delivery the most widespread transport
mode adopted is road freight transport, which is responsible for externalities related to
delivery. In Brazil, road transport is the dominant mode adopted for deliveries. Brazil has
109 thousand kilometers of trafficable roadways, but they are still not adequate in terms of
infrastructure; only 12.4% of them are paved and around 59% are considered regular/poor
(Table 1) [35].

Table 1. Classification of Brazilian highways by type of variable and measured in kilometers. Source:
Adapted from Brazilian National Confederation of Transport—CNT [35].

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

When assessing the impact of road transport, we need to consider infrastructure and
greenhouse gas (GHG) emissions. According to Marcilio et al. [36], 75% of GHG emissions
in the transport sector are attributable to road transport.

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
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724 thousand independent carriers [35]. Following those numbers, the vehicle fleet has also
increased [35]. In 2019, Brazil counted 103 million registered vehicles. The biggest growth
in the past decade is observed in motorcycles, with a 64% increase between 2009 and 2019;
trucks have grown 30.9% in the same period [35].

All those Brazilian characteristics have their unfolding for the main stakeholders:
infrastructure, quality, and competitiveness. According to the Brazilian Ministry of Infras-
tructure [37], in 2020 the Federal Government invested BRL 133 billion in infrastructure,
corresponding to 1.8% of gross domestic product (GDP); however, some specialists say that
it is not enough and it should be double this amount [38].

The e-commerce growth brought opportunities to innovate in the last-mile delivery
sector in Brazil. Reuters [39] forecast USD 3.6 billion investment in transportation manage-
ment systems (TMS) by 2024, representing an increase of 14.8%. In this context, the rise
of logistics startups and logistics technologies (LogiTech) seems to be a way 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 and 2020 and attracted more than USD 186 million in investment only in 2020 [40].
The top five (5) LogiTech companies in Brazil are iFood, Loggi, Mandaé, Clique Retire, and
FreteBras. Additionally, big retailer companies are acquiring small LogiTechs and thinking
of merging their business and staying more competitive [41]. Of all the Latin American
countries, venture capital investments in 2019 (USD 4.6 billion), 26% were in logistics and
distribution companies [40].

Sousa et al. [42] explore some solutions for Brazil’s last-mile delivery in urban centers
without focusing on the e-commerce industry. The authors” objective was to understand
from retail companies what types of innovative last-mile delivery practices they are willing
to use. This research adds a counterpoint by comparing last-mile delivery providers’ results
on this research with retail companies’ results on theirs.

Table 2 adapted from Souza et al. [42] presents that the most innovative practices are
pick-up point/locker solutions and the least innovative are tied between drones and car
drops. In their research, they judge all innovative practices except car drops to be viable in
Brazil, but only consider the companies” answers not external factors or other barriers.

Table 2. Solutions for last-mile delivery adapted from Souza et al. [42].

. . o o o The Product Does
Innovative Practice Yes (%) No (%) Maybe (%) Not Allow (%)
Bicycle/Electric scooter 44 22 17 17
Pick-up point/Locker 50 0 28 22
Crowdsourcing 22 22 34 22
Sem1—autonomou§ / 33 17 8 2
Autonomous vehicles
Drones 34 33 11 22
Car drops 17 33 39 11

Souza et al. [42] conclude that developed countries tend to have more sophisticated
solutions for the last-mile delivery, such as using innovative vehicles to reduce labor
costs and environmental impacts and improve efficiency. On the flip side, 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

To investigate the impact of service expectations and alternatives for Brazilian e-
commerce last-mile delivery, we adopt a multiple-criteria method, namely, the Fuzzy
Analytic Hierarchy Process (Fuzzy AHP) [43—45]. The flow of the research is presented
in Figure 2.
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Problem ®Definition of research problem and goal

Structure *Definition of criteria and alternatives

ePreparation of the AHP questionnaire using Google
Forms

eJudgement of criteria and alternatives using pairwise
comparison for each respondent

Evaluation

*Conversion of group decision in triangular fuzzy

number (TFN) using MS Excel
®Defuzzification of TFNs using MS Excel

*Creation of the model to insert crisp weights in
Superdecisions software

*Calculation of inconsistencies in Superdecisions

software

*Conversion of crisp weights to tied activities scale to
deal with inconsistencies in MS Excel

*Calculation of priorities and alternatives using
Superdecisions software

*Sensitivity analysis

Figure 2. Research flow.

AHP is commonly adopted for decision making and was developed by Tomas L.
Saaty to find the best alternative when considering multiple criteria [43,46]. The approach
consists of establishing pairwise comparisons among different criteria and alternatives
under these criteria in a decision hierarchy to establish the best decision. The mathematical
representation of the pairwise comparison matrix can be seen in Equation (1) [43].

1 aipp ... dip
a 1 ... a
A — 111']' — 21 2n (1)
Ayl Ap2 ... 1

The matrix is filled based on the preferences of the decision maker for alternative i
over alternative j, using the pairwise comparisons in Table 3. The preferences for only the
upper triangle of the matrix are collected, using a pairwise comparison questionnaire. The
lower triangle of the matrix is filled by the reciprocal of the decision maker’s preference as
per Equation (2) [43].

1

aij a,,(forirj:1,2,...,n) @
J1

where g4;; is established based on the scale of importance numbered 1-9, and decision
makers judge considering: (1) equal importance and (9) extreme importance [47], Table 3.
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Table 3. Parity comparison scales.

Scale Meaning
1 Equally important
3 Moderate importance
5 Strong importance
7 Very strong importance
9 Extremely importance
2,4,6,8 Intermediate values

In the AHP, the decision maker or group decision provides perception-based judgment
intervals rather than a deterministic preference, creating a kind of uncertainty that can
be modeled using fuzzy set theory [48]. Van Laarhoven and Pedrycg [44] are the first to
suggest fuzzy comparisons using a triangular fuzzy number (TFN) with three values: lower,
medium, and upper. Other studies followed van Laarhoven and Pedrycg’s proposition. For
example, Chang [45] proposes an extended Fuzzy AHP method to calculate the weights and
translate the TEN into crisp values. In our study, we adapt the model proposed by Alageel
& Suryanarayanan [49] that expresses TEN by considering the lower value (I), the upper
value (1), and the geometric mean (gm) of the upper and lower limits, as shown in Figure 3.
Note that we convert Saaty’s scale used by respondents to a TEN rather than offering a
direct Fuzzy scale to reduce a possible misunderstanding of participants responding to the
questionnaires. This is one of the approaches of Fuzzy AHP [50].

ur(x)

Intensity of
importance

Figure 3. TEN.

Where ur(x) is a triangular fuzzy number (crisp weight) [44,45,49,50] as a result
of Equation (3).
(I+gm+u)

=Ty ®

This fuzzy model combines the TFN approach with the geometric mean, Equation (4),
that is indicated by Saaty [43] for group decisions when it is not possible to establish
a consensus.

n %
H”i = y/ma;.. . ay (4)
i=1
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Our goal, criteria, and alternatives are based on the literature implications for the last-
mile delivery service expectations. We find ground in several papers that explore the prac-
tical implications covering the consumers’ and the logistics service providers’ expectations.
To cite some related to each expectation: delivery point [2,51,52]; time and speed [1,3,53,54];
tracking and trace [16,55,56]; value-added [9,57]; security [57] and cost [11,37,58,59]. Re-
garding alternatives, we can find: smart locker [10-12]; multi-modal [1,16-20]; small
truck [1,16-20]; motorcycle [1,16-20]; and drone selivery [21-25]. Figure 4 presents the
decision hierarchy of the problem.

Last-Mile Delivery Service Expectations

Delivery
Point

Time and Tracking and  Value-Added

Speed Tracing Services Sy ozt

Small Truck
Delivery

Motorcycle
Delivery

Multi-modal

Smart Lockers Drone Delivery Db

Figure 4. Research Decision Hierarchy.

To obtain the weights, we prepared a questionnaire using Google Forms®. First, we
applied a pilot test with (3) three academics to check whether the questions were correct and
to ensure that there were no issues in the interpretation of the questions. After, we sent it to
57 experts in last-mile logistics working in academia, local third-party logistics providers,
and multinational third-party logistics providers. We obtained 27 answers (academia 5;
local 3PL 7; multinational 3PL 15), corresponding to a response rate of 47%. The sample
was not collected statistically; we contacted players operating in the Brazilian market and
sent it to professionals who accepted receiving and answering the questionnaire. However,
this fact is not a limitation to the adoption of AHP that considers the group decision and
the expertise of the participants [43]. Moreover, the respondents have expertise both in
international and local practices.

The survey was composed of seven sections and 65 questions to establish the pairwise
comparison of each criterion and alternative presented, with six criteria and five alterna-
tives. An example of how questions were applied can be seen in Figure 5. Note that in each
question the respondent should indicate the preference and the value of the preference
considering the Saaty scale [47]. Expert judgments are fundamental to the decision hierar-
chy construction in the Fuzzy AHP [60]. Finally, the respondents provided their pairwise
comparisons assuming that goods could be delivered using the proposed methods.
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1- Regarding Delivery Point and Time and Speedy, what is the criteria more
important?

D Delivery Point

D Time and Speedy

Regarding the criteria chose, indicate the level of importance where 1is Equal
importance and 9 Extreme importance.

1 2 3 4 5 6 7 8 9

Equal O O O O O O O O O Extreme

Figure 5. Model of questions applied using Google Forms.

The data collected were organized using MS Excel® by criteria and alternatives based
on criteria answers. The TFNs were obtained considering the lower and upper pairwise
comparisons and the geometric mean [49,61]. The crisp value obtained using Equation (3)
was input into the model.

The AHP tool converts comparisons into fractions where the weight of each element
in the decision model is established [43]. The comparisons help elicit relative weights of the
criteria. It only remains to calculate the contribution of each alternative to the goal under
each criterion. Thus, the weight of an alternative in reaching the previously established
objectives is determined [62]. We created the model in Superdecisions v. 3.2 software and
inserted the crisp weight in the judgments.

AHP requires to check the consistency of the model using the consistency index (CI),
random consistency index (RI), and consistency ratio (CR). Xu et al. [62] explain that if
the CR < 0.1, then the decision can be considered acceptable; if not, then the pairwise
comparison matrix should be adjusted to remove the inconsistency. CR is used to check the
inconsistency of judgments.

First, it is necessary to find the relative weights and A4« for each pairwise comparison
matrix of order n. The Ay, is the biggest eigenvalue of the pairwise comparison [63]. After,
we calculate the consistency index (CI) for each matrix of order n by Equation (5) [43,63]:

(Amax - 1)

=

Q)

Then, the consistency ratio is calculated using Equation (5) and the random index (RI)
presented in Table 4 up to a matrix with n = 9 [43,63]:

CI
CR = — 6
Ri (6)
Table 4. Random Index.
n 1 2 3 4 5 6 7 8 9
RI 0.0 0.0 0.58 0.90 1.12 1.24 1.32 141 1.45

Our model using the crisp weights provided by TFN presented inconsistencies for all
judgments. The consistency concept necessitates the following: if the relative importance of
C1 is greater than that of C2 and the relative importance of C2 is greater than C3, then the
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relative importance of C1 must be greater than C3 for the evaluations to be consistent [43].
However, people are constantly making trade-offs that violate this rule and it is necessary
to establish a limit to the inconsistency [43]. Therefore, for a comparison matrix that fails
the consistency test, the decision maker needs to redo the pairwise comparisons [48]. This
procedure is efficient in the case of one decision maker or a group decision. In the case of a
survey where it is not possible to obtain new judgments from respondents, an option is to
reduce weight values by seeking a consistent index [43,47]; however, there is a chance of
modifying group decisions.

All those things considered, we decided to control inconsistency by converting the
crisp weight values obtained from TFN for Saaty’s scale for tied activities that range from
1.1. to 1.9, where moderate is 1.3 and extreme is 1.9 [43,47,64]. We noted that respondents
used pairwise comparisons of attribute values close to the edge of the scale, making the
decision nearly indistinguishable because there is no variation in the importance scale.
In those cases, when the elements are close or nearly indistinguishable, Saaty [43,47,64]
suggests the use of scale to tied activities; to do so, we assume the Equation (7) based on
Saaty’s observations [43,47,64] converting crisp weight w in a tied activity weight into w’.

p w
w =1+ (—) 7
10 @)

The crisp weight w’ was inserted into the model in the Superdecisions software and
the decision choices were sustained; however, the consistency of the model was improved
and the decision weights were adjusted to the correct parameters. Table 5 presents CR
obtained from the initial matrix and after the adjustment.

Table 5. Consistency of the model.

Matrix Initial CR Final CR
Model 0.161 0.009
Delivery Point 0.153 0.044
Security 0.299 0.015
Time and Speedy 0.833 0.040
Tracking and Trace 0.237 0.012
Value-Added 0.457 0.021
Cost 0.420 0.020

4. Results and Discussion

Our results are presented in Table 6.

Table 6. Criteria Ranking.

Criteria Weight  Overall Rank  Alternatives Weight Overall Rank
Cost 0.214 1 Drone 0.187 5
Delivery Point 0.137 5 Motorcycle 0.197 3
Security 0.174 3 Multimodal 0.185 4

Time and Speed 0.158 4 Small Truck 0.213 2
Tracking and Trace 0.193 2 Smart Locker 0.218 1
Value-Added 0.125 6

Smart lockers are considered the best alternative that shows an alignment from the last-
mile delivery providers operating in Brazil with the world’s trends. Click and collect using
lockers is a growing trend in the United States, insofar as consumers found convenience
and cost savings in purchasing online and picking up their order on the way home from
work or while running errands [65]. In the UK, which has the greatest proportion of online
sales in Europe, click and collect was implemented in a multi-channel retailing approach
with lockers in train and petrol stations and post offices, where 46.5% of customers of the
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fashion sector use this type of service [66]. In Brazil, smart lockers are not a complete reality
in the country, but it is a trend to avoid delivery in dangerous zones and open a new option
for customers to collect their goods when there is no one to receive them at home.

Small trucks are the second option, very close to the smart lockers. This delivery
system is currently the most common alternative in Brazil due to its distribution of freight
transport modes and urban areas restrictions. However, the maintenance costs, oil and
gas, and related labor costs impact last-mile delivery providers. In 2021, the regulatory
oil and gas company, Petrobras, boosted the price of wholesale fuel by more than 46%.
Due to the Russia/Ukraine war, petrol barrel prices increased diesel by more than 25%
and gasoline by more than 19% in March 2022, corresponding to an average price of diesel
at 1.28 USD/1 [67] and gasoline at 1.39 USD/1. Given this context, small trucks may lose
attractivity to the delivery services providers due to the high congestion index in the main
cities of Brazil, which raises fuel consumption and diminishes the number of deliveries
per day.

Another aspect to consider is GHG emissions by small trucks. Marcilio et al. [36]
simulate the impact of road transport operations encompassing greenhouse gas emissions
and transport time of operation routes in Brazil and conclude that we need to consider
the type of delivery fleet, the age of the fleet, and the driving style that affect each sce-
nario. However, low emission has greater transport time. They also applied a survey of
136 people in Campos dos Goytacazes, a medium-sized municipality with approximately
500,000 inhabitants located in the countryside of Rio de Janeiro State, and reported that
85.29% of those interviewed are aware that vehicles are the main culprit for GHG emissions
yet there is a tendency to increase the emissions as a consequence of receiving the product
in a shorter time. Moreover, Maxner et al. [68], studying urban freight emissions in the US,
indicated that the challenges faced by cities are related to a lack of leadership, resources,
and industry knowledge, in addition to the hurdles caused by federal and state laws.
Moreover, it is difficult to create effective policies without an understanding of how many
trucks operate within city limits and their operational needs.

Motorcycles in our study are in the third place. This method is common in the country
due to the low price of bikes, low fuel consumption, and the high number of informal
workers (people working without formal social welfare and without a minimum wage
established). The system is 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. However, a study by Suatmadi [69]
over a motorcycle taxi system called “online ojek” in Jakarta Metropolitan Area, Indonesia,
concluded that the GHG emissions reduction of motorcycle adoption is negligible compared
with other transportation systems. They also suggest that both an electrification of the
motorcycle fleet and the pricing of car travel could help to establish a more sustainable
transport system. In Brazil, there is a slow movement toward the adoption of electric small
trucks and motorcycles in urban centers boosted by Chinese manufacturers such as BYD
and retailers such as B2W.

Multimodal can be seen as an alternative, but it is scarcely used in the country’s urban
centers. Indeed, multimodal systems are connected to commodities’ transport for export
purposes and some initiatives to allow the flow of goods between previous supply chain
stages. From fulfillment distribution centers to stores or consumers” houses, small trucks
and motorcycle deliveries are predominant. Allen et al. [1] emphasize that the parcel
distribution sector is highly competitive. Many independent players operate with poor
vehicle utilization for low-profit margins in a “customer-focused” delivery culture. The
situation presented by the authors based on the London case is the same that occurred
in many cities in Brazil, suggesting that the lack of efficiency in last-mile delivery is not
connected to the development of the geographical area of distribution.

Drones for commercial delivery in Brazil are a distant reality and there is no regulation
of the technology yet. Even in other countries, this alternative is still embryonic. Tang and
Veelenturf [70] point out that this alternative is part of Logistics 4.0, but only developed
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countries such as the United States, China, Australia, and Germany have successful ex-
amples so far; these countries pave the way for such emerging technologies to apply to
the last-mile delivery. Another point to consider is that logistics providers realized that
consumers’ responses to the introduction of the service innovation vary from excitement to
concern, impacting their results and requiring a better approach to the implementation [12].

Regarding the criteria, cost remains an important element for enterprises; however,
we can observe the increasing importance of other criteria such as tracking and tracing,
time speed, and security. Certainly, costs are still a huge concern, especially for last-mile
delivery companies. Manners-Bell [71] highlights that the express parcels industry has
undergone a critical transformation over the 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.

The second most important criterion is tracking and tracing, which reflects experts’
perceptions that consumers are concerned to follow their goods from the moment of
purchase until the delivery point. Delfmann et al. [72] say that ICT solutions permit
common access to data by business partners, e.g., logistics service providers, shippers,
and 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 is due
to its dimension. There are more than 724 thousand independent carriers and 103 million
registered cargo vehicles [35]. The question of how to connect all subcontractors under a
real-time cloud at a low cost remains unanswered.

Security concern is a rising element in last-mile delivery, especially in Brazil. Security
has brought a more holistic role for the last-mile delivery, encompassing not only cargo risk
related but also health risk. Schwab et al. [73] alert that manifestation 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.

The criteria of time and speed are divergent regarding their perception in Brazil due
to the characteristics of the market, where some consumers are interested in paying less for
cargo freight even with an increase in delivery time, while others are pressuring logistics
providers to establish a fast delivery process. When compared with the US, Manners-
Bell [71] 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. Shao et al. [3] indicate that different products are normally transported by
different suppliers; however, customers wish to receive all products together within a small
window of time that impacts directly the logistics providers’ transport decision to ensure
high levels of customer satisfaction.

Regarding delivery point perspective, the experts indicated a low priority among the
criteria. Kedia et al. [74] asserted that the number of customers missing home deliveries
has increased and they mentioned the example of New Zealand, where over 10% of home
deliveries fail on the first attempt. On the other hand, Bjerkan [2] expresses a trend of Nor-
wegian consumers to use pick-up points such as smart lockers mainly for small packages
such as electronics products. The influence of culture can be one factor for consumers to
express different behaviors. As presented in the Brazilian case, smart lockers are related
more to security reasons to avoid delivering high-value goods in dangerous/unsafe zones.

According to experts, value-added service is the lowest-rated criterion; this could
reflect 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 services at this point.
Lipsman [65] suggests that the destruction of old retail will allow 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
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us a glimpse of what the next-generation retail has in store. Wang et al. [9], studying the
Singaporean case, suggest that a way to add value to clients and reduce the costs of home
delivery no attendance is to create a bunch of pop stations distributed around the city and
a large pool of workers who are ready to accept the delivery tasks from pop stations to the
consumers’ addresses similar to the transport applications of goods. In Brazil, we identify
that these initiatives are connected to small packages among clients and not regarding the
B2C sector due to the risks of the operation.

Finally, it is necessary to infer that those results presented in Table 6 show close
percentage values—mainly regarding the alternatives—which can be attributed to the fact
that the options are complementary, not exclusive. In unsafe zones, the use of smart lockers
on safe easy access points can be a good choice, while the traffic jams can be mitigated by
the use of motorcycles. Moreover, it is important to consider that some of the options are
not yet available in many areas, or are in trial phase, but even so there is a perspective to
include them in the last-mile delivery process due to the necessity of the sector to have
different forms to attend to consumers’ expectations.

5. Sensitivity Analysis

To validate and test the robustness of our Fuzzy AHP model, we conducted a sensitiv-
ity analysis. We adopted the goal as an independent variable, last-mile delivery service
expectations, and chose the cost criterion as the highest rated. The sensitivity result can
be seen in Figure 6 extracted from the Superdecisions software. Note that the vertical axis
means the weight of the alternative obtained, while the horizontal axis means the weight
of the criteria.

[ ] Sensitivity analysis for Main Network: FUZZYAHP_250322_Tied.sdmod: ratings
1 .
0.9 |
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0.7 :
0.6 :
0.5 :
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Experiments
Drone Delivery 5 0.166
Motorcycle Delivery 3 0.203
Multi-Modal Delivery 4 0.189
Small Truck Delivery 2 0.212
Smart Lockers 1 0.230

Matrix: Last-Mile Expectationdo.sasz 2990547122354

Figure 6. Sensitivity analysis.
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Based on the sensitivity analysis, when the weight of the cost criterion increases
(vertical line to the right), there are no changes in priority order; multimodal delivery tends
to be equalized with motorcycle delivery, the small truck tends to lose its importance, and
the drone is not a solution in that scenario. Otherwise, if the weight of the cost criterion
tends to reduce (vertical line to the left), small trucks assume the priority position. The cost
criterion will continue to be the most important criterion for the logistics service providers
in Brazil. Therefore, smart lockers are recommended for the last-mile delivery solution. At
the same time, it is possible to conclude that drone delivery remains a desire rather than a
practical action of companies for the next years, at least in Brazil.

6. Conclusions

This paper adopted a multiple-criteria decision support system using a Fuzzy Ana-
lytical Hierarchy Process (FAHP) to identify the impact of logistics service expectations
over delivery methods in the context of last-mile delivery. To achieve this objective, we
built a FAHP decision-making hierarchy considering the recent literature on the topic and
tested the model proposed in a survey with last-mile professionals in Brazil linked to the
academia, local, and multinational third-party logistics providers to obtain the weights
of the logistics service criteria as a group decision. As mentioned earlier, the country
provides an interesting case due to its continental size and differences in development
among regions. Thus, the survey respondents need to see the last-mile delivery in a holistic
view, which may bring contributions that permit to compare the results of the research
with international perspectives.

Our research opened a new perspective related to the last-mile delivery e-commerce
expectations, focusing on logistics providers’ angles rather than the final consumer expe-
rience. The objective was to look inside logistics companies (local and multinational) to
understand how those companies consider providing a better experience for e-consumers.

The fuzzy analytic hierarchy process enabled us to have a more holistic perspective
and comprehend the most applicable criteria for the last-mile delivery service providers.
Our results provide evidence for not only a cost-driven statement but for opening new
possibilities in terms of e-commerce last-mile delivery innovation and investments.

The indication that experts’ predilection for smart lockers as the number one prior-
ity alternative, overpassing small trucks, and considering Brazil’s transportation freight
distribution—majority road transport—made this choice not so obvious. These results
could suggest a desire of logistics providers to consider innovative e-commerce solutions
and may lead the industry to draw a new chapter in Brazilian last-mile delivery.

Considering that, the cost is the main criterion and the pressure of customers over
logistics providers to receive products faster has a direct impact on increasing GHG emis-
sions. Insofar as the e-commerce demand increases, the use of small trucks and motorcycles
suffers the same effect occurring in the rise of GHG emissions. However, the expectation of
logistics providers in adopting more collective methods such as small lockers located in
places of high concentration of people movements such as subway stations and the use of
more electric small trucks can be a hope on the horizon of Brazilian last-mile delivery.

As the limitation of the work, our results should be seen as exploratory, because
we tested only using the Brazilian case. However, given that many respondents are
researching the topic or working in multinational companies, the results found may have
been influenced by worldwide practices. Another aspect to be considered is that last-
mile delivery is influenced by local culture. Therefore, it would be interesting to test the
Fuzzy AHP adopted in this research in a different scenario in the future to compare with
our results obtained with the application of the decision model among Brazilian logistics
operators. Eventually, we should consider that results cannot be generalized to Brazil as a
whole. The country is of continental size with huge differences among regions, and more
tests should be conducted in the future to compare results by observing the behavior of
last-mile delivery for the different areas.
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Finally, we believe that the findings of this paper can contribute to the theory of
last-mile delivery in this sense to comprehend the challenges of logistics providers related
to the consumers’ evolving behavior toward the e-commerce segment. Moreover, the
practical implications of this study are to show that there is a gap between the actual mode
of last-mile delivery and the new technologies to be inserted into the sector. At the same
time, the environmental impacts of last-mile delivery need to be further explored regarding
the alternatives of transportation. Another point that this paper advances in the theoretical
and practical implications of the last-mile delivery is that the decision-making model
proposed in this paper is not yet fully adopted in the sector, but it informs experimental
new developments in the sector. At the same time, professionals across the world can be
faced with comparable developments and can use the approach described here to think
over the future of the final leg of logistics for B2C delivery services.

For future research, we suggest the enhancement of the model with new delivery
technologies as alternatives and additional criteria. Additionally, applying the decision
model on an international scale will be a promising research avenue.
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