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Abstract: Knowledge about the perception of stakeholders regarding the effectiveness of last-mile
bicycle deliveries is essential to promote solutions at a local and national level. However, their
use is an incipient solution in the Brazilian context. This paper aims to analyse the potential of
performing last-mile bicycle deliveries according to the perspective of Brazilian logistics operators.
First, the variables that affect the decision of logistic operators to adopt bicycles were captured using
the theory of planned behaviour. Later, the intention of behaviour was measured by estimating
an ordered logistic regression. The results showed that environmental awareness, public policies
and weather conditions negatively influence the intention of logistics operators to perform last-mile
bicycle deliveries in Brazil. However, these variables are more cultural than operational, and could
be changed by awareness of the importance of performing last-mile bicycle deliveries to promote
sustainable cities. Additionally, the findings could encourage the development of sustainable freight
policies from private companies to achieve sustainable future transportation.

Keywords: urban freight transport; last-mile bicycle deliveries; cargo bike; theory of planned
behaviour; logistics operators

1. Introduction

The use of bicycles for last-mile deliveries has been discussed as a possible way to
achieve sustainable urban freight transport [1–4]. Studies in Europe and the United States
show that bicycles may be suitable for home deliveries (mainly up to 5 km). Moreover,
the travel time may be similar to (or shorter) diesel-powered freight vehicles [3]. On the
contrary, using bicycles or cargo bikes for performing last-mile deliveries is not usual in
Brazil. However, bicycles have been used for e-commerce deliveries to and from local
retailers to their destination in some large Brazilian cities, such as Rio de Janeiro [5]. This
use contradicts common sense by meeting the demand for product distribution where
motorcycles, automobiles and trucks are predominant or the only option [5]. However,
a lack of awareness, knowledge of competitiveness and regulation of bicycles as freight
vehicles create a barrier and limit their growth potential in Brazilian cities [6].

The main barriers to implementing last-mile bicycle delivery are related to the acceptance
that bicycles could replace freight vehicles. This resistance is related to a lack of security (both
theft and accidents), low load capacity, available cycling infrastructure and the prejudgment
that the bicycle is suitable only for leisure or for the displacement of people [3,7]. Additionally,
society does not see bicycles as viable and economical freight vehicles due to a lack of
knowledge of specific regulations and incentives [3]. Furthermore, local authorities have a
fundamental role to play in including bicycles in freight policies. These perception factors end
up restricting the market to small and medium-sized companies. Additionally, knowledge
about the costs and competitiveness of last-mile bicycle deliveries compared to standard
delivery options requires demonstrating its economic and operational viability [7]. Therefore,
economic viability increases the success of this delivery option [8].
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This paper was inspired by the study developed by Gruber and Kihm [9]. The authors
analysed the use of electric cargo bicycles for last-mile deliveries from the perspective of
courier messengers. Although several pilot cases demonstrate the viability of performing
last-mile bicycle delivery, no studies dealt with the perspective of the logistics operator. A
logistics operator provides services combined with transport and storage services. Addi-
tionally, few works illustrate the last-mile bicycle delivery in developing countries, with
most reporting trial cases [5,10,11].

Based on the above, the following research question is addressed in this paper: what
factors can affect last-mile bicycle delivery according to logistic operators? Furthermore,
according to logistics operators in Brazil, the following hypothesis was conjectured: the
last-mile bicycle delivery has no barriers. Therefore, this paper aims to identify the vari-
ables and measure their influence on performing last-mile bicycle delivery according to
the perspective of logistics operators. The Theory of Planned Behaviour (TPB) was the
methodological technique used, being helpful when evaluating the intention of behaviour
in adopting new technologies, product implementation and habit change, among others.

The contribution of this paper is threefold. First, we show that the TPB measures
intentional behaviour toward bicycle adoption for last-mile deliveries in Brazil. Second, we
demonstrate that Brazilian logistics operators have cultural resistance to performing last-mile
bicycle delivery. Finally, findings could encourage sustainable freight policies. Bicycles are
generally considered a freight solution in the Sustainable Urban Mobility Plan (SUMP) in
the European Union. The Brazilian Urban Mobility Policy (version corresponding to the
SUMP) suggests prioritising non-motorised transportation modes to improve urban mobility.
Therefore, despite not being explicitly mentioned as a solution for sustainable development,
performing last-mile bicycle delivery contributes to sustainable development goals.

This paper is divided into five sections. After this introductory section, Section 2
presents the influential factors of performing last-mile bicycle delivery. Section 3 reports
the application of TPB in UFT. Section 4 draws the research method, delivering the results
in Section 5. Finally, Section 6 closes this paper with the conclusion.

2. Influential Factors of Performing Last-Mile Bicycle Delivery

The use of bicycles for last-mile deliveries is considered from several perspectives
in literature, including the characterisation and identification of the companies [8,12], the
economic and environmental factors [3,13,14], the potential market [4,15–18], case studies
or pilot projects [1,7,19–22]. The advantages of performing last-mile bicycle delivery
are related to the weight and size of the packages. Additionally, bicycles achieve their
most significant benefits compared to motorised freight vehicles in urban and congested
areas [23,24]. On the other hand, the main barriers are related to acceptance that a bicycle
is a suitable vehicle for last-mile deliveries, lack of security (both theft and accidents), low
load capacity, available infrastructure and the prejudgment that a bicycle is suitable only
for leisure or as a mode of transport [25,26].

The theoretical basis indicates some factors in performing last-mile bicycle delivery.
Most factors concern operation, such as road safety [20,27], security [28,29], operational
cost [1,13,15,17], efficiency, reliability [7,30], weather conditions [31,32] and topography [33,34].
Other factors are related to environmental awareness [5,7,16,30,35]. The infrastructure also
has a vital role in using cargo bikes, such as cycling infrastructure [22,36,37] and urban
distribution centres or micro hubs [19,21,33,38,39]. Furthermore, the positive perception of
the company [17,20], its competitive advantage [35,40] and visibility [7,15,38] are factors
that can stimulate performing last-mile bicycle delivery. Finally, a freight policy agenda
could encourage logistics operators to adopt more sustainable delivery vehicles, such as
bicycles [3,4,30].
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In Brazil, the literature describes the use of bicycles in urban delivery [5,10,33] and the
benefits of combining mobile distribution centres and cargo bikes [11]. More specifically,
the characteristics of Brazilian cargo bike companies were described in [33]. Furthermore,
the benefits of performing last-mile bicycle delivery in Copacabana (Rio de Janeiro) were
described by [5]. In Rio de Janeiro, 628 bicycles (all 100% powered by human energy) per-
formed 7524 daily deliveries in seven neighbourhoods [10]. Furthermore, a pilot test using
cargo tricycles and conventional trucks identified successful results based on environmental
and financial factors [11].

The literature has few works on last-mile bicycle delivery for developing countries.
In addition to improving the economic competitiveness of urban areas, the promise of
reducing greenhouse gas emissions from the transport sector encourages last-mile bicycle
delivery in Europe. This promise also can be achieved in Brazil. Furthermore, last-mile
bicycle delivery could address problems related to urban freight mobility in Brazilian cities,
which is exacerbated due to inadequate urban and transport planning, combined with the
low importance given to the urban freight transport [29,41]. Typically, restrictive measures
are implemented by the government to limit the circulation of freight vehicles in some
areas of cities, and this, together with the lack of urban planning and transport, causes
negative impacts on access to goods in urban areas and the quality of life of citizens [36,37].

Nevertheless, Brazil has similar characteristics to other places, mainly regarding
bicycle limitations related to dangerous situations in road traffic. Therefore, identifying the
crucial factors contributing to last-mile bicycle delivery contributes to sustainable freight
transport. Considering city authorities’ perspective, the literature shows that urban mobility
plans should consider freight in transportation planning. In addition, urban mobility plans
must include bicycles as sustainable vehicles for last-mile deliveries. Therefore, local
authorities should encourage this measure for logistics operator companies, and not just
cargo bike companies. Therefore, implementing bicycle infrastructure associated with
restricted access measures or restricted parking policies in densely populated areas should
reduce the challenges faced by cargo bike companies and stimulate the expansion of
last-mile bicycle delivery.

3. Theory of Planned Behaviour and UFT

UFT solutions must consider stakeholders’ objectives for efficient operation, and long-
term plans must be developed and included in urban development strategies [42]. In recent
years, scholars have considered motivations and assessed alternative costs and benefits of
these actions [9,34]. However, the literature suggests that the perception of stakeholders
regarding the performing of last-mile bicycle delivery needs to be explored more. This
knowledge is essential to promote sustainable solutions [12]. Transport systems, like other
technologies, are marked by a strong dependence on routes due to habits, infrastructure
and market rigidity. Therefore, new solutions must go through cyclical phases, beginning
with experiments, introduction and adoption that are spread and then obsolete. This
dependence path is challenging for innovative solutions. Therefore, the decision to replace
conventional vehicles with more sustainable ones is based on the existence of a reliable
and viable alternative. Currently, the bicycle is being adopted and disseminated in some
countries, while in Brazil, most cases are trial tests or in a beginning phase.

Despite this, Vasconcellos [40] points out that resorting to European experiences
for using the bicycle can bring good ideas to Brazil. Therefore, the conclusions can be
misleading and the results can be frustrating if one does not consider that Europeans’
perception of the bicycle is generally well accepted [40]. Thus, it is necessary to consider the
perception difference between Europeans and Brazilians. In Brazil, for example, there are
similar characteristics in different places, mainly regarding limitations to the use of bicycles
related to traffic safety. However, given the diverse characteristics of Brazilian cities, it is
necessary to properly know the specificities to increase last-mile bicycle delivery in the
urban freight transport system. Thus, knowing the role of bicycles in last-mile deliveries
can help identify similar factors that boost or slow down this delivery service. Therefore,
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the perception of the effectiveness of last-mile bicycle deliveries depends on the location,
and is usually related to how it has been used.

Based on the above, the TPB helps to analyse the influential factors in performing
last-mile bicycle deliveries. Furthermore, the TPB aims to understand and predict social
behaviours and behavioural intentions that precede and condition natural behaviours [43].
Nonetheless, adopting a new behaviour depends on the effort to achieve it (the strength of
the attempt) and the individual’s control over other factors, such as information and skills,
including willpower, time and opportunity [43].

Three constructs determine behavioural intention: attitudes construct; perceived
behaviour; and subjective norm [44]. Constructs are a set of variables representing a concept
within a specific theoretical framework. The attitude construct is a behavioural belief, and
refers to the degree to which a person has an assessment (favourable or unfavourable) of
the behaviour in question [44]. The perceived behavioural construct refers to the perceived
ease or difficulty of carrying out the behaviour, and reflects past experiences [44]. Finally,
subjective norm refers to the perceived social pressure to have a behaviour, i.e., one person
becomes more likely to have a behaviour if the people in their social network (friends,
neighbours, relatives) support this behaviour. On the other hand, if one person believes
that their behaviour is frowned upon by these same people, the person is less likely to
perform this behaviour [44].

Human behaviour is guided by belief, which can be understood as a variable that
interferes with intention, and consequently with behaviour [45]. There are three types
of beliefs: behavioural; normative; and control. Behavioural beliefs relate behaviour to
expected consequences, considering the subjective probability that behaviour produces a
result and determining the predominant attitude [44]. Normative beliefs refer to the expec-
tations and perceived social pressure of important reference groups for individuals [44].
Normative beliefs, combined with personal motivations, determine subjective norms. Per-
ceived control helps recognise factors that can hinder some behaviour [44]. Combined
with controlling factors, they determine perceived behavioural control, which refers to
each person’s perception of their abilities to have (or not) one specific behaviour [44]. It is
possible to investigate why people have certain attitudes, subjective norms and perceived
behavioural controls by measuring these beliefs [45].

The TPB was used to explain and predict various transport-related behaviours, includ-
ing switching from private car use to public transport, the intention to use public transport
by bus and the adoption of electric vehicles. Regarding UFT, the TPB was addressed to
assess the choice of companies to adopt electric freight vehicles [46–48], the perception of
consumers about green services [49], new technologies [50], the effect of public policies
on urban freight [51] and the use of electric cargo bikes by courier messengers for urban
distribution in Germany [9]. Therefore, the perspective of logistics operator companies
was not evaluated by the scholars. However, since those companies deliver most last-mile
parcels, it becomes crucial to know their viewpoint on performing last-mile bicycle delivery.
Therefore, TPB was used to identify variables. Their influence was measured by estimating
an ordered logistic regression to determine the effect of critical factors on logistics operator
companies to perform last-mile bicycle delivery.

4. Research Approach

The research approach (Figure 1) was designed to identify the behavioural intention and
measure this intention of logistics operators to perform last-mile bicycle delivery. Thus, their
attitude towards this specific behaviour was investigated, not their behaviour itself. First, the
influential variables of last-mile bicycle delivery were identified in the literature (Section 2).
Then, these variables were paired with the constructs postulated by the TPB, followed by data
collection with logistic operator companies in Brazil. Lastly, the intention of the behaviour
was identified and measured. The following subsections detail the steps described.
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Figure 1. The steps of the research approach.

4.1. Relating the TPB Constructs with the Variables

Figure 2 relates the TPB constructs to the variables influencing last-mile bicycle deliv-
ery. Some variables, such as topography, were included because bicycles are not common
for urban deliveries in Brazil [6]. In addition, the scholars reported other variables, as
mentioned in the previous section. The variables related to the attitude construct measure
their relevance for last-mile bicycle delivery. The variables related to the perceived control
construct measure their influence on the decision-making of performing last-mile bicycle
delivery. Finally, the variables associated with the subjective norm construct measure the
effect of the perception of society regarding last-mile bicycle delivery.
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For each variable presented in Figure 2, statements were prepared and presented for
evaluation of respondents according to their level of interference in behaviour (in the case
of statements linked to the construct Perceived Control and Subjective Norm) and level of
relevance (for statements of the Attitude construct), using a 5-level Likert scale. The eight beliefs
were divided into statements and questions on the questionnaire to assess their importance and
intensity according to the value of the scale. All statements are presented in Appendix A.

4.2. Data Collection

A questionnaire was designed to obtain data for the analysis based on these constructs
and respective variables. First, the TPB statements were evaluated using the Likert scale.
Then, the respondents ranked the UFT measures. In addition, they answered questions
about companies, including the size of companies (measured by the number of employees),
type of goods and the annual revenue. Finally, the respondents declared whether the
company is interested in performing last-mile bicycle delivery.

A web-based survey was carried out with logistics operators in Brazil in 2018. The
web-based survey was done in partnership with a business school in Brazil, which sent an
email inviting companies to participate in the survey. As a result, 202 logistics operators
(LOs) responded to the survey, representing 13% of the Brazilian gross domestic product in
the transport sector.

The companies deliver goods in the different regions of Brazil, especially in the large
urban centres of the country. In addition, the fleet dedicated to these deliveries is mixed own
and outsourced (84%), own (6%) and outsourced fleet (9%). Furthermore, the companies
deliver different types of product, and some operate only with e-commerce deliveries.
Regarding the number of employees and annual revenue, 45.5% of the companies are
medium-sized with a staff of 51–500 employees, and 54.5% of the company’s respondents
have revenues below R$100 million (1US$ ∼= R$5 in March 2022).

The reliability of statements evaluation was given by calculating Cronbach’s alpha.
Values above 0.7 were desirable [52].

4.3. Identifying Behavioural Intention

According to Ajzen [45], attitudes, subjective norms and perceived behaviour can be
theoretically investigated by measuring beliefs. Therefore, it is possible to measure the
value of beliefs and assess their consequences using scales that measure the intensity and
importance of each belief. Thus, the values of each belief are multiplied by the value of
the importance of the same belief in measuring the constructs. In this study, the highest
possible value is 25, relative to the multiplication of the highest values of the Likert scale
used in the questionnaire (5 × 5), indicating that the person is favourable to their beliefs.
On the other hand, the lowest possible value is 1, which means that the person is totally
against that belief. Moreover, the average value is 13, indicating indifference toward that
belief. Ajzen [45] details the calculation procedure of the belief.

4.4. Measuring the Behaviour Intention

The last step is measuring the behaviour intention. Therefore, the influence of the con-
structs on the behavioural intentions of the respondents can be evaluated by estimating an
ordered logistic regression. The response to the question “Are you interested in performing
last-mile bicycle delivery?” was used as a response variable. The independent variables (or
predictors) are the variables that interfere in this use—in other words, the salient beliefs.

The estimated coefficients indicate the most influential variables in performing last-mile bi-
cycle delivery. Furthermore, the influence of beliefs was measured and its probability calculated.
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Variables were considered to evaluate the influence and impact of last-mile bicycle
delivery. For example, to measure the effect of crash risk (represented by the variable
influence.crash), the respondent evaluates whether the crash risk influences last-mile bicycle
delivery and whether the crash risk influence last-mile bicycle delivery.

The z-value is a test statistic that measures the ratio between the coefficient and
its standard error. Coefficients with a p-value of 0.05 or less are statistically significant
(significance level of α = 0.05). Moreover, a positive relationship is described when the
odds ratio (Exp β) is greater than 1. In another way, an odds ratio of less than one implies a
negative association.

5. Results

The respondents ranked the UFT measures from 1 to 14, where one is the most
important and 14 is the least important. The results presented in Table 1 showed the
reliability of the evaluation, since the Cronbach alpha is around 0.8. The most favourable is
the urban freight mobility plan. The cargo bike was ranked seventh, behind night deliveries
and freight restriction initiatives. This evaluation shows the non-priority importance of the
cargo bicycle as a vehicle for urban freight transport.

Table 1. Evaluation of urban freight measures by logistics operators’ companies.

Urban Freight Measures Cronbach Alpha Rank Position

Urban freight mobility plan 0.78 1
Guidelines for parking areas 0.79 2
Truck lines in urban areas 0.77 3
Using big data for planning city logistics 0.79 4
Freight restriction 0.80 5
Night delivery 0.82 6
Cargo bike 0.79 7
Collaborative delivery system 0.82 8
Pick-up points or similar initiative 0.82 9
Electric freight vehicle 0.81 10
Urban distribution centre 0.78 11
Digital application for on-demand transport 0.77 12
Booking system and payment for on-street parking 0.77 13
Urban toll for freight vehicles 0.81 14

Concerning urban freight mobility plans, since 2012, a Brazilian Federal Law has
determined the obligation to prepare mobility plans for municipalities with a population
above 20,000 inhabitants. However, public managers’ knowledge of freight policies is
limited [53]. Thus, the inclusion of freight in the mobility plans is incipient, and those that
have included, in general, proposed measures related to the freight restriction. From the
perspective of logistics operators, however, the urban freight mobility plan could be a way
to include freight measures in the transportation agenda in Brazilian municipalities [41].
For example, the city could propose and stimulate last-mile bicycle delivery. One prime
example is the pro-e-bike project, which promoted the use of clean and energy-efficient
vehicles, analysing the performance of electric bicycles (e-bikes) and electric scooters to
deliver goods in urban areas of seven European countries [20]. Moreover, the decision-
making process can influence urban freight fleet composition, and freight policies could
stimulate using bicycles as freight vehicles [54].
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5.1. Identifying Behavioural Intention

Identifying behavioural intention was based on measurements of the salient beliefs.
Table 2 shows the results. The four most influential variables in their attitude toward
last-mile bicycle delivery are Traffic Safety (represented by variables crash risk and theft
risk), Efficiency, Reliability and Weather Conditions, since their belief result was closer to 25.
On the other hand, the behaviour of companies and society about last-mile bicycle delivery
and the topography achieves an average value close to 13, indicating that these variables
do not influence the decision process of logistics operator companies. Lastly, according to
the TPB, the environmental awareness value was lower than 13, indicating that the variable
is not considered influential in the decision of last-mile bicycle delivery.

Table 2. Identifying behavioural intention.

Construct Variable Average Final Average

Attitude
Traffic safety Crash risk 18.774

18.799Theft risk 18.824

Environmental awareness
Reduction of externalities 7.219

10.104Positive perception 12.988

Perceived behaviour

Infrastructure
Cycling infrastructure 20.980

17.453UDC 18.824

Operational cost 17.658 17.658

Topography 15.960 15.960

Efficiency and reliability 20.061 20.061

Public policy 11.567 11.567

Weather condition 21.636 21.636

Subjective norm The behaviour of companies and society Competitive advantage 18.127
14.089Visibility 10.050

By comparing these results with the literature, some of the variables identified as
influential by TPB were not relevant; for example, weather conditions do not influence
last-mile bicycle delivery [6]. According to the logistic operator companies, however,
the weather condition was considered the most influential variable, and influenced the
intention of these companies to perform last-mile bicycle delivery. From the results, there
is a paradigm regarding the influence of weather on last-mile bicycle delivery. The growth
of last-mile bicycle delivery corroborates this fact.

5.2. Measurement of Behavioural Intention

Table 3 shows the behavioural intention of performing last-mile bicycle delivery by
estimating an ordered logistics regression model. Model 1 represents the influence of all
variables on the attitude construct, while model 2 represents the effect of the most influential
variables on the attitude construct according to the intention of behaviour. Model 3 shows
the influence of all variables of the perceived behavioural construct, while model 4 depicts
the effect of the most influential variables of the perceived behavioural construct. Finally,
model 6 shows the influence of all variables of the subjective norm construct, while model 6
depicts the most influential variables of the subjective norm construct.
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Table 3. Measured behavioural intention.

Model Variables Coefficient z-Value

M1 intercept −3.5749 −1.126
influence.theft −0.0052 −0.068
impact.theft 0.3617 0.573
influence.crash 0.4365 0.062
impact.crash 0.2148 0.405
influence.externalities −1.083 −4.858 ***
impact.externalities 0.5502 1.045
influence.perception 0.166 0.500
impact.perception 0.3826 0.724

M2 intercept −8.4636 −2.613 ***
influence.theft −0.5383 −0.696
impact.theft −1.5811 2.653 ***
influence.crash 0.2827 0.467
impact.crash 0.6617 1.297

M3 intercept 3.6493 1.600
influence.infrastructure 0.8969 2.042
impact.infrastructure 0.3382 0.668 **
influence.udc −0.5929 −1.44
impact.udc 0.0716 0.151
influence.operationalcost −0.0519 −0.132
impact.operationalcost −0.0613 −0.145
influence.topography −0.0007 −0.001
impact.topography −0.0575 −0.113
influence.efficiencyreliability 0.6929 1.636
impact.efficiencyreliability 0.3763 1.052
influence.publicpolicy 0.1237 0.213
impact.publicpolicy −0.7814 −2.067 **
influence.weather −0.8197 −1.975 **
impact.weather 0.6728 1.635

M4 intercept −6.1875 −4.427 ***
influence.efficiencyreliability 1.1390 4.956 ***
impact.efficiencyreliability 0.4331 1.122
influence.weather −0.3650 −1.119
impact.weather 0.5951 1.809

M5 intercept −1.09 −0.77
influence.advantage −0.334 −0.94
impact.advantage −1.068 −3.74 ***
influence.visibility 1.0251 2.964 ***
impact.visibility 0.6574 2.200 **

M6 intercept −7.1361 −2.359 **
influence.accident −0.4836 −0.353
impact.accident 0.4836 0.899
influence.theft −0.7134 −1.019
impact.theft 0.9340 1.453
influence.efficiencyreliability 1.0963 3.347 ***
Impact.EfficiencyReliability 0.2088 0.631
Influence.Weather −0.4124 −1.021
Impact.Weather 0.3766 1.067

Significance codes: *** 0.001; ** 0.01.

Model 1 is related to all the variables from the attitude construct, where only the influence
of environmental awareness has statistical significance (p-value < 0.05), with a negative impact
on last-mile bicycle delivery (coefficient odds ratio value is lower than 1). Furthermore,
environmental awareness is not influential (the measured value was less than 13) (Table 2).
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Model 2 considered the influential variables in the attitude construct according to the
TPB (results from Table 4). From that, cargo theft positively influences the decision to make
last-mile bicycle deliveries. In Brazil, logistics operators and retailers identified cargo theft
as a barrier to urban delivery, mainly in large cities [29,41]. In some regions, such as favelas,
there is usually an additional delivery fee to cover the freight insurance [41]. The problem
is so complex that a police station specialises in cargo theft in the Metropolitan Region of
Belo Horizonte due to the frequency of robberies. However, this situation is due to a lack
of security in Brazilian cities, and is not exclusively for cargo bikes.

Model 3 considered variables from the perceived behavioural construct, where im-
pact.infrastructure, impact.publicpolicy and influence.weather are statistically significant. The
impact.infrastructure (i.e., cycling infrastructure) positively influences last-mile bicycle de-
liveries. The cycling infrastructure is recurrent in the literature, offering operational ad-
vantages for companies and couriers, such as agility and reducing the risk of accidents
by the courier cycle [13,17,39]. In another way, the impact.publicpolicy and influence.weather
variables have a negative effect. In Brazil, for example, the freight restriction policy adopted
by municipalities restricts the time windows or the size/weight of freight vehicles [28,41].
However, freight restriction is not a measure used exclusively in Brazil and is one of the
main barriers to achieving delivery efficiency. In the same sense, the weather negatively
influences last-mile bicycle deliveries.

Furthermore, the tropical climate predominant in Brazil influences the perception of
the performance of last-mile bicycle delivery, affecting the perception of logistics operator
companies. Model 4 considered the more influential variables of the perceived behaviour
construct. The influence.efficiencyreliability is statistically significant, and positively influ-
ences the decision-making process of logistics operator companies. Thus, last-mile bicycle
deliveries could have the same efficiency and reliability as typical freight vehicles.

Model 5 considered the variables of the subjective norm construct. The impact.advantage,
influence.visibility and impact.visibility are statistically significant, indicating that these factors
influence the subjective norm of logistics operator companies regarding last-mile bicycle
deliveries. In addition, the visibility of the company affects last-mile bicycle deliveries. Thus,
companies could make last-mile bicycle deliveries due to positive visibility from the customer
and society. According to the literature, the community had good visibility of companies
performing last-mile bicycle deliveries, potentially attracting more customers [3,4,12,20,55].

Furthermore, campaigns promoting the benefits of last-mile bicycle deliveries posi-
tively impact the decision of logistics operator companies [22]. Finally, Model 6 considered
variables with more influence considering all constructs. With this combination of variables,
only the influence.efficiencyreliability was statistically significant, with a positive impact on
last-mile bicycle deliveries.

Table 4 summarises the beliefs considered relevant by the TPB and the variables
that positively influence last-mile bicycle deliveries. When comparing the results of the
ordered logistic regression with the intention of behavioural behaviour (Table 3), efficiency
and reliability positively influence statistical significance. Therefore, according to the
respondents, these beliefs are the most important for last-mile bicycle deliveries. However,
environmental awareness had the lowest value in the measurement of beliefs, indicating
indifference perception despite its statistical significance. Additionally, efficiency and
reliability, environmental awareness, cycling infrastructure and the behaviour of companies
and society contribute positively to last-mile bicycle deliveries.
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Table 4. Summary of the variables that influence using a bicycle.

Analysis Variables

Most relevant salient beliefs (with maximum values
of 25, according to the TPB)

Safety/security
Efficiency and reliability
Weather conditions

Statistically valid coefficient variables, which have a
positive influence on the intention to perform last-mile
bicycle deliveries

Efficiency and reliability
Environmental awareness
Cycling infrastructure
Behaviour of companies and society

Statistically significant variables estimated with logistic
regression, which had a negative influence on
the intention to perform last-mile bicycle deliveries

Reduction of externalities
Public policy
Weather conditions

5.3. Policy Implications

Brazilian logistics operator companies evaluated cycling infrastructure as an essential
factor. Therefore, cycling infrastructure positively interferes with the decision on last-mile
bicycle deliveries. Furthermore, the lack of infrastructure can be correlated with accident
risk, since bicycles share the same space as motorised vehicles without infrastructure.
Another essential factor concerns the safety/security variable. The theft of goods in Brazil
is one problem affecting logistics operators in the country [41]. Therefore, city authorities
have a crucial role in improving public security to promote last-mile bicycle deliveries.

The regulations imposed on freight vehicles, such as parking policies and restricted access
zones, can encourage replacing diesel-powered vehicles with bicycles in densely populated
areas. Furthermore, bicycle use can be highly productive for shorter delivery distances (up to
10 km). In addition, micro hubs, urban consolidation centres or mobile depots in central areas
require green vehicles, such as bicycles, for last-mile deliveries [19,21].

Additionally, urban mobility plans must include freight transport measures; therefore,
the bicycle could be suggested as a delivery vehicle, and its use could be indicated in
urban mobility plans. Furthermore, improving the infrastructure of bicycles associated
with measures to restrict access in densely populated areas reduces the challenges faced by
bicycle logistics companies, and can stimulate the expansion of bicycle deliveries. These
measures reduce the difficulties bicycle logistics companies face and can facilitate the
growth of bicycle delivery services.

6. Conclusions

This paper identified the variables and measured their influence on the decision-
making process of logistics operator companies performing last-mile bicycle deliveries.
The TBP was used to determine the influential factors. Furthermore, an ordered logistic
regression was estimated to measure the influence of factors in last-mile bicycle deliveries.
The hypothesis that there are no barriers for logistics operators performing last-mile bicycle
deliveries in Brazil was rejected for the following elements: externalities; public policy;
and weather conditions. Furthermore, the weather does not influence last-mile bicycle
deliveries, which diverges from the results found by Nascimento et al. [6]. Therefore, the
mistaken view of the logistics operators is evident in the weather influence of last-mile
bicycle deliveries. However, this negative perception can be changed through pilot tests.

Although cost is one of the main variables for a company to choose an alternative de-
livery, this variable was insignificant in the estimated models. Therefore, logistics operator
companies perceive that the economic return would be fast by performing last-mile bicycle
deliveries, being an attractive investment in Brazil. Furthermore, in Brazil, freight transport
planning is one of the main problems, since most freight policies were implemented without
a detailed planning process. Therefore, the participation and engagement of stakeholders
could provide more effective freight policies. Furthermore, public policies for cargo bikes
and cycling infrastructure can encourage last-mile bicycle deliveries, promoting sustainable
urban mobility.
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The variables considered in this paper are suitable for Brazil; therefore, countries with
similar resistance to bicycles for last-mile deliveries could use the same ones. However,
other places should consider their specificities for a more effective analysis. Nevertheless,
TPB has been proven to be an efficient method of capturing intention in behaviour to
perform last-mile bicycle deliveries in Brazil.

Performing last-mile bicycle deliveries contributes to sustainable transport. Therefore,
municipalities must incentivise last-mile bicycle deliveries by increasing the bicycle infras-
tructure, companies must perform last-mile bicycle deliveries and society must require
last-mile bicycle deliveries for a liveable city. For future work, it is suggested to include
variables such as the regulation of public policies and the development or improvement of
cycling infrastructure.

Author Contributions: Conceptualisation, C.d.O.L.N. and L.K.d.O.; methodology, C.d.O.L.N.; vali-
dation, C.d.O.L.N. and L.K.d.O.; formal analysis, C.d.O.L.N.; investigation, C.d.O.L.N.; data curation,
C.d.O.L.N.; writing—original draft preparation, C.d.O.L.N. and L.K.d.O.; writing—review and edit-
ing, C.d.O.L.N. and L.K.d.O.; and supervision, L.K.d.O. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by Coordination of Superior Level Staff Improvement, grant
number 001, and for the National Council for Scientific and Technological Development grant
303026/2017-0 and 303171/2020-0.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors thank Fundação Dom Cabral for supporting the data collection.
Moreover, the authors thank the valuable comments of reviewers to improve this paper.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Table A1. Constructs Statements.

Constructs Statement

Attitude

Performing last-mile bicycle deliveries increases the risk of accidents.

Performing last-mile bicycle deliveries increases the risk of cargo theft.

Last-mile bicycle deliveries reduce UFT externalities.

Last-mile bicycle deliveries provide a positive environmental perception
of the company.

Last-mile bicycle deliveries provide a competitive advantage for the company.

Perceived behaviour

The lack of cycling infrastructure, such as cycle lanes and parking areas, reduces
the performance of last-mile bicycle deliveries.

The lack of micro hubs or urban consolidation centres reduces the performance of
last-mile bicycle deliveries.

Last-mile deliveries performed by bicycle are more economically viable than those
achieved by diesel-powered vehicles.

Hilly topography is a barrier to last-mile bicycle deliveries.

The delivery time of bicycle deliveries has the same advantages as those
of diesel vehicles.

Last-mile bicycle deliveries are not affected by freight restrictions.

The weather is a challenge for last-mile bicycle deliveries.

Subjective Norm The visibility of the company is improved through last-mile bicycle deliveries.
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