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Abstract: Surges in e-commerce sales represent a huge challenge for urban freight transport. Parcel
lockers constitute a valid solution for addressing the challenges home deliveries imply. In fact,
eliminating courier-consumer contact (also relevant for health-related issues, as made evident by
the COVID-19 pandemic) and delivering in fewer predefined places might help coping mechanisms
for missed deliveries substantially. Furthermore, this option enables consolidated shipping and
reduced delivery trip costs. This paper analyses and compares consumer preferences for alternative
collection strategies. It investigates home delivery vs. parcel locker use and forecasts their future
market shares. This is performed based on both customer socio-economic variables and the attributes
characterising these alternative logistic fulfilment strategies. The case study considered tests upon
a stated preference survey deployed in the city of Rome. The investigation specifically targeted
young people (i.e., population under 30 years) since they represent early adopters. Discrete choice
models allow both quantifying the monetary value of parcel lockers attributes (i.e., willingness to pay
measures) and estimating the potential demand for this innovative delivery scheme. Results show
that distance and accessibility are the main choice determinants. Furthermore, there is an overall
high propensity to adopt parcel lockers. This research can support policymakers when implementing
such solutions.

Keywords: parcel locker; last mile delivery; home delivery; city logistics; urban freight trans-
port; stated preference; discrete choice modelling; consumer behavior; e-commerce; channel choice;
collection points

1. Introduction

E-commerce is soaring worldwide. In fact, the share of e-commerce doubled total
global retail sales in the period from 2015 to 2020 rising from 7.4% to 14.6% [1], and global
online shoppers rose from 18% to 53%, with an annual turnover growth of 19.3% [2]. More
online traffic and a shift to mobile shopping coupled with easy and convenient deliveries
stimulated this exceptional growth [3].

The COVID-19 outbreak strengthened this global trend since new consumers, products,
and retailers have embraced e-commerce due to health-related considerations although
it still remains a minority practice [4]. Older people have started to shop online more
thanks to its ease and convenience. This has happened while shopping online for food,
groceries, personal hygiene products and sports equipment has drastically increased. At
the same time Small Medium Enterprises (SMEs) are now starting to sell online by opening
up shops on online marketplaces and by investing in their own websites, strengthening an
already existing omnichannel trend. In fact, nowadays, stores operate as collection points
for online purchases (i.e., click-and-collect), as drop-off point for returns, and as micro-
fulfilment centers for faster, more cost-efficient, and greener product deliveries (so-called
ship-from-store) [5].
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Despite the potential, e-commerce represents a highly inefficient sector, which is due
to the difficult management of last mile logistics in particular. In fact, nowadays, the rise of
e-commerce sales imposes more cost to pure-players and multi-channel retailers as well as
to their logistics providers.

The mismatch between what consumers are willing to pay due to new supply-driven
trends and the cost of providing delivery service represents the main source of the low
profitability [6]. In particular, an overstressed last mile delivery logistic model exacerbates
these issues since it accounts for 28% of total delivery costs [7]. Furthermore, last mile
logistics suffer from a lack of data and understanding and need a participatory approach
accounting for stakeholder heterogeneity and an integrated modelling approach on the
academic side [8]. Possible measures tackling last mile inefficiency must be combined
properly because no solution alone can address last mile logistics problems [9].

Parcel lockers (PL) represent one of the solutions that might favor last mile delivery
efficiency. In fact, PLs can play different roles in optimizing delivery fulfilment and return
flows. With respect to delivery fulfilment, the use of PLs severs the binding time/location
constraint where both the deliverer and the receiver need to be in the same place at the
same time. By adopting PL within the freight distribution strategy, it allows the relief of this
constraint, which often implies second or even third delivery round attempts. Furthermore,
this also applies to reverse logistics, which play a major role in some specific segments such
as clothing and apparel, representing a major segment of the e-commerce market. Both of
these flows might represent a substantial cost for logistics service operators (e.g., personnel
and fuel) as well as for society at large (e.g., pollution, congestion, and accidents).

This research aims to assess consumer preferences for PL compared to home deliveries
(HD). It explores the impact that individual characteristics and PL-related ones might
have on market demand. This, in fact, can be useful for policy planning and for logistics
operators alike. Furthermore, this paper investigates the discount necessary to stimulate
PL demand.

This paper focuses on the population segment below the age of 30 (i.e., “young” is
defined people who are from 18 to 30 years old) due to three main reasons:

1. Innovation-prone attitude characterizing this age segment [10].

2. Significantly higher importance on the e-commerce market. It is predicted that this
generation will dominate 40% of all consumer shopping in the US in just a couple of
years [11].

3.  Focusing on a well-defined age segment minimizes the effort required to acquire a
sufficient sample to provide statistically robust results.

The paper studies e-consumer behavior through stated preference (SP) acquired via a
dedicated survey. Choice data are modelled using a multinomial logit model (MNL) to
estimate marginal willingness to pay (MWTP) and market demand. Both elements are
helpful in clarifying how PLs characteristics might influence the chosen delivery method.

The structure of the paper is as follows: Section 2 reports a focused, synthetic, and
comprehensive literature review, while Section 3 discusses the methodological approach
that was adopted, the case study, and the sampled data that were used. Results are
discussed in Section 4, while Section 5 illustrates some policy implications of the results
that were obtained, and Section 6 concludes the paper.

2. Literature Review

The literature review reported below aims to set the scene to position the contributions
to the literature this paper provides. In particular, it will address PL diffusion, the economic
impact of PLs, and e-consumer PL preferences.

This review does not consider environmental sustainability and considers it a minor
issue with respect to the aim of this paper. Furthermore, a substantial component of
environmental sustainability, especially the part linked to emissions, can be directly related
to operational efficiency. In fact, using PLs allows for a higher drop-rate per stop made.
This typically implies less kilometers driven per total amount of PLs delivered. Therefore,
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while primarily focusing on operational issues, this paper implicitly also deals with the
environmental implications of e-commerce delivery.

PLs are typically unattended and located in residential areas, workplaces, or public
utility places, such as shopping malls or railways stations [12]. Alternative PL definitions
that appear in the literature are (1) automated delivery stations and (2) collect and delivery
points or automated delivery points [13]. One should note that automation differentiates
them from other delivery techniques.

Typical PLs function as follows: The online buyer selects the PL as delivery point and
subsequently receives a confirmation email/text message with a QR code containing the
corresponding number of the locker that they will need to use [14].

Recent research has identified PLs as one of the most tested schemes in European cities
as proven by the steady growth of the Pl network all around Europe [12,15]. However, only
12% of global e-shoppers use PLs, and PL delivery is seldom the most preferred delivery
method [16,17]. For instance, semi-structured interviews with companies working in the
courier, express, and parcel sector conducted in Italy by [18] reveal that customers have
not generally accepted PLs, while [19] suggest that PLs can provide an advantage only “if
not being at home for a delivery creates a significant problem for consumers with collect
and delivery points being their only alternative”.

Overall, PL networks are not uniformly distributed in Europe: Germany, Spain,
Poland, and Finland present a widespread network, while, for example, the UK, Italy, and
the Netherlands have a medium or small PL network [15]. For instance, in Germany, 90% of
the population can reach a PL in less than 10 min, while in Italy, only 12% of the population
has PL within a 500 m distance [15]. Furthermore, the research performed by Refs. [20-22]
show the unequal spatial distribution of PLs and collection and delivery points between
urban and rural areas.

Simulation-based and real delivery data studies assess the decision to invest PL
networks, showing that PLs can provide economic benefits. Several papers compare
HDs and PLs through simulations [23] or via real time data [24,25] and conclude that PL
adoption implies cost reduction “due to the less travel to unload the whole orders to the
locations where the PLs are installed” [24]. Recently, some studies quantified through PL
simulations in order to consider economic impact and focusing on city typology (urban,
suburban, developing cities) and logistics solutions [26-28]. Furthermore, another research
stream assessed all of the costs associated with PLs in more detail, confirming the cost
efficiency. In particular, they observed specific features of a PL network in more detail. For
instance, several researchers have explored PL size [29,30] and redelivery attempts [31],
others have carefully assessed optimal PLs numbers and locations [32], while others still
consider elements such as the cost-effect of density, the delivery window, and the parcels
per collection point drop [33]. Furthermore, they consider PL applications on different
e-commerce sale models (i.e., C2B, C2B, B2C) [29]. Moreover, some of them adopted
innovative methodologies such as agent-based models [30] and assessed PL cost-benefits
in the long term [34].

However, some studies, through qualitative and quantitative methodologies, under-
line possible hardships in PL implementation. In particular, these hardships are discovered
by focusing on the business model underlining a PL network and on the implementation
process. In fact, a study conducted in Italy discovered that “introducing PLs is a long
and expensive process of implementation of a network where costs are shared among the
courier express parcel company, the retailer, and the owner of the locker box” [18]. In partic-
ular, a sufficiently high market share is needed to overcome the high investment costs [35].
Research conducted in Turkey that studied collection and delivery point failure cases put to-
gether the key success factors for the demand (consumer market characteristics, regulations,
security issues, and the convenience of existing alternatives) and supply side (network
structures, IT integration, and diverse value propositions). In particular, it underlined how
such a solution “was not viable as a standalone service but needed to be complemented
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with traditional cargo delivery” or otherwise logistics providers “should diversify value
proposition and providing different services to e-commerce consumers” [19].

All of these elements emphasize the importance of understanding which factors (PL
attributes, behavioral and demographic factors) raise consumer willingness to collect goods
via PLs. Therefore, there is a whole research stream that focuses on market acceptance
and consumer preferences regarding CDPs. Methodologies used to investigate consumer
delivery preferences vary a lot with respect to the research objective. Several research
studies aiming to investigate specific and individual-related PL factors influencing the
choice of PLs used questionnaire data combined with a descriptive analysis [14,36] or with
simple basic econometric models [37], a focus-group methodology [38], and secondary
data [39]. By contrast, research aiming to prove the importance of some factors linked to
a specific e-commerce-related consumer behavior model (i.e., resource matching theory,
innovation diffusion theory, perceived value theory, and transaction cost economics) that
used a structural equation model or a hierarchical cluster analysis [40-43].

Overall, average e-consumers deem 24 h accessibility and proximity to home/work
as the two most important PL related attributes [13,14,36,38]. Other relevant variables
explaining agent willingness to use a PL are the price of delivery [13,36], traceability [13],
location in parking areas [14], easy parking [38], and safety [39,44]. Psychological at-
tributes such as perceived risks, perceived satisfaction, and technological readiness and
individual /behavioral attributes such as age, the value of the parcel, and online shopping
frequency seem to further explain PLs choice [37,40,41].

In conclusion, studies based on e-consumer PL preferences capable of producing
synthetic indicators of PL impact (e.g., MWTP, market demand) are scarce although several
e-commerce studies have already used proper methodology suitable to accomplish these
targets (e.g., SPs methods, [45,46]). In fact, only [13] estimates via SP surveys the impact
that PL attributes have on e-commerce fulfilment strategies, their potential market demand,
and the MWTP for using a PL. However, this research does not consider the behavioural
and demographic factors that influence market demand. Furthermore, although several
studies focusing on the supply side quantified the economic impact of PLs by calculating
the money saved through PL usage [28,33], no one has matched it with the demand side by
considering consumer willingness to pay for PLs, assessing the PL attributes and taking
behavioral and demographic factors account.

3. Methodology

This paper adopts a SP perspective to study consumer preferences when deciding
whether or not to use PLs for e-commerce-related deliveries. SPs allow for the assessment
of plausible scenarios that do not yet exist, thus overcoming the typical lack of data and
providing valuable insights on consumer delivery preferences. Furthermore, an SP-based
approach is well suited for the comparative evaluation of alternative policy options.

In practice, choice experiments allow respondents to choose from hypothetical e-
commerce delivery options (i.e., HD and PL) characterized by different trade-offs among
the attributes. Therefore, the interviewee is asked to select a delivery choice out of several
alternatives in each choice task.

This paper uses discrete choice models (DCMs), a MNL model in particular, to estimate
the underlying agent utility functions capable of predicting consumer choices between HD
and PL and delves in consumer delivery choice for an a priori effect, adding socio-economic
and behavioral information to agent utility function.

MWTP and market demand illustrate the impact of a single PL attribute in consumer
delivery choices, offering a synthetic description of an e-consumer delivery choice. In par-
ticular, the research considered most impactful and significant MNL parameters, combined
them with the most important individual specific parameters, and used them to simulate
the choice probability of a given PL, thereby calculating its market demand (% PL users of
total e-commerce users that are supposed to only use PL and HD). Furthermore, the paper
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estimates MWTP, calculated as the ratio between a given coefficient and the monetary one,
to assess the incentives that couriers can provide to consumers.

The next sections discuss in the methodological phases, the survey structure (The SP
part and the revealed preference part), the sample features, and the case study description.

3.1. Methodological Phases
The different phases are:

Survey design (i.e., questionnaire creation explanation)
Survey administration (i.e., questionnaire structure explanation)
Data analysis (i.e., econometrical model explanation)

3.1.1. Survey Design

Choice task setting represents the first methodological challenge. The investigation
of which attributes to use started by reading the following articles: [13,14,36,47]. After
some critical discussions among the research team members and a consultation with some
students at the University of Roma Tre who were under 30 years of age, we defined the set
of attributes and levels to be used in the choice experiments. Below we report the attributes
and levels characterizing PLs:

Distance: 500, 1000, 1500 m from home/work.

Accessibility: 24 h, 8 a.m.—18 p.m.

Typology: automated, assisted.

Environmental sustainability: environmental certification: yes, no.

Location: stations (e.g., railway, bus, gas, etc.), shopping sites (e.g., supermarkets,
shopping malls, etc.), service sites (e.g., school, gym, bank, post office, etc.).

e  Monetary incentive: EUR 0, 1, 2 discount on sale price when PL is chosen.

In practice, the interviewee is asked to select a delivery choice out of three alternatives
in each choice task: a generic HD (status quo scenario), and two PLs described on the basis
of the previously mentioned attributes.

It is important to recall that both “Distance” and “Location” are coded effects. This
implies that one can only estimate n—1 coefficients (where n is the number of levels),
while the one associated to the benchmark level can be calculated by summing the n—1
coefficients and multiplying by —1. Taking “Distance” as an example, the model estimates
the coefficients for 500 and 1500 m; by summing those two coefficients and multiplying by
—1, one can calculate the coefficient for 1000 m. In particular, the acronym for the distances
of 500 and 1500 are D500 and D1500, while LOC_TRA and LOC_GRO are the acronyms
used for stations and shopping centres, representing the levels of the variable location.

An orthogonal design was used to develop a pilot for the specific choice scenarios
presented to the interviewees. After acquiring the first wave of data and estimating a
MNL model, the results were used to develop a D-efficient design as suggested by [48]
for the second wave of interviews. The experimental design that was used foresaw thirty-
six choice tasks. Due to time/attention constraints, we subdivided them into six blocks,
with each one containing six choice tasks via a blocking procedure. We used NGENE
software (http://www.choice-metrics.com/index.html (accessed on 5 August 2020)) to
group the choice tasks within each block.

3.1.2. Survey Administration

In the second phase, the questionnaire was administered among Roma Tre University
students under the supervision and coordination of Transport Research Lab (TRElab)
personnel in 2019. The questionnaire comprised three parts. The first part investigated
e-commerce-related behavior by acquiring RP data on delivery location, frequency, type of
trip (i.e., trip chaining or dedicated trip), PL awareness, and PL use. The second focused
on choice experiments by asking the respondent to choose the most preferred option out
of the three available, namely PL1, PL2, and HD (see Table 1). The third explored the
socio-economic data of each respondent.
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Table 1. Example of a choice task (Source: own elaborations).

Imagine Having Purchased

Something Online and Choosing Parcel Locker 1 Parcel Locker 2 Home Delivery
the Delivery Mode
Accessibility 8-18-5-7 8-18-5-7
Distance 500 m 1000 m
Location Shopping centre, supermarket Gas station, metro station
Green certification No Yes
Typology Assisted Assisted
Incentive 0€ 0€

What would you choose?

3.1.3. Data Analysis

After acquiring and cleaning the data, they were processed via the statistical software
R (https:/ /www.rstudio.com/ (accessed on 5 August 2020)). We estimated a MNL [49]
and used Pseudo R? to evaluate the best fitting model.

Random utility theory represents the MNL theoretical base. Utility includes two
components: one deterministic and one random, as reported below.

Upp = Vup + €HD 1)
Upr1 = Vpr1 + epr1 )
Upro = Vpro + €p12 3)

In this case, the three equations reported describe the agent utility function for each
delivery alternative (HD, PL1, PL2).

Attributes described in Section 3.1.1 compose the deterministic part. The model
specification also comprises socio-economic and behavioral attributes such as education
level (graduated, not graduated), the presence of someone at home to collect the parcel
(yes, no), previous PLs (yes, no), and collection point use (yes, no).

It is important to note that for two out of the three alternatives (e.g., PL2 and HD), we
had one coefficient for the socio-economic variables since they were all dichotomous (e.g.,
the variable HP, composed of 2 levels, has two coefficients: Byp, , and Byp pp)-

Vpr1 = Bpsoo * D500 + Bpisgo * D1500 + B aoc * AC + fag * AS
+Bgre * GRC + Bine * INC H+ Broc tra * LOCTRA 4)

+Broc_gro * LOCgro

Vpra = Kpr2 + Bpsoo * D500 + Bpise0 * D1500 + B ac * AC + B 45
*AS + Bgre * GRC + Bine * INC + Broc TrRA

5
*LOCrra + Broc_cro * LOCGro + BLE,, * LE ©)
+[3UPPL2 * UP + BUCPPLZ *UCP + BHPPLZ * HP
Viup = Kup + Bre_up * LE + Byup_gp * UP + Bycp_pp * UCP ©)

+Bup up * HP

PL attribute are:

K—Constant.

AC—Accessibility.

AS—Assistance.

GRC—Green Certification.

D—Distance; INC-Incentive.

LOC—Location.

The socio-economic and behavioral attributes are:

e LE—ILevel of Education.
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HP—Presence of someone at home to collect the parcel.
UP—Previous use of PLs.
UCP—Previous use of collection points.

PL1 is the reference alternative, therefore K, LE, UP, UCP, HP are set to 0.

[3 measures the marginal utility of each attribute variation.

The respondent chooses the alternative with the highest utility among those available.
Given that utility includes both a deterministic component (V) and a stochastic one (¢), one
can determine the probability of agent n choosing alternative i only after having make an
assumption on the distribution of ¢ (see [50]).

In our case, by assuming ¢ is Gumbel distributed, we have a MNL where the choice
probability can be calculated as follows:

e‘/iil

" Ljes eVin )

Py (i) represents the probability that the individual n chooses alternative i given a
choice set including S alternatives, while ¢Vin and e'i" can be eVrr1, ¢Vri2 or eVHD,

In our case, one can represent PL market demand as the sum of all the PL individual
choice probabilities.

Given that we have three alternatives in each of our choice tasks, PL1, PL2, and HD,
since we want to compare PL use with respect to HD, for simulation purposes, we assume
that PL1 = PL2.

Therefore:
Py(pr1) = Pu(pr2) (8)
Pypry = Pupr1) + Pucpr2) )
2 xeVrL
Pn(PL) = 2 % eVrL + eVHD (10)

MWTP for attribute x is calculated as follows:

mwtp(x) = Px (11)
Pr
where p indicates the price attribute variable, and x represents any other attribute included
in the utility function. For more information, see [51].

4. Results

This section comprises a case study description and a part detailing the econometric
results. The first part of the section offers an overview of the current status of mobility
in Rome while also describing sample characteristics focusing on the interviewers’ e-
commerce-related habits. The second part illustrates and discusses the results from the
MNL, reports the MWTP attributes, and forecasts market demand for various scenarios
distinguished by different incentive-, distance-, and accessibility-levels as well as the
consumer socio-economic/behavioural characteristics.

4.1. Case Study Description

Data collection took place in Rome, Italy. There are 2.8 million Romans living in a
1285 km? area. The city is the six largest in Europe with a relatively low population density.
Limited public transport availability has fostered a motorized vehicle-culture, making
Rome a car-based city. In fact, private vehicle trips account for 65% of the total trips. These
factors coupled with a substantial migration from the inner city, which is delimited by the
67 km-long ring road encircling it, towards smaller nearby towns explains the (1) high level
of congestion (second in the world according to [52]; (2) particulate matter levels exceeding
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the WHO’ recommendations; and (3) the excessive number of accidents (e.g., accidents
involving pedestrians are six times higher than those in London, Paris, and Berlin) [53].

The Sustainable Urban Mobility Plan (SUMP), approved in 2018, considers logistics
to be a crucial pillar to overcome these problems and deems PLs as one of the possible
medium-term key actions to undertake so as to achieve the much hoped for improvements
the city is seeking to achieve.

The sample, collected in 2019, was made up of 330 people living or commuting daily
to and from Rome, which was 51.5% and 49.5%men and women, respectively. More than
75% of the sample consisted of students, with a median age of 23. 5 years old. Only 5.5%
had obtained a degree, and only 14.6% of the respondents were more the 30 years old.
As mentioned in the introduction, the research focuses on a specific age segment of the
population. Therefore, the final sample consisted of 282 respondents each answering 6
choice tasks, thus generating 5076 observations in total.

When it comes to the e-consumer habits in our sample, the median consumer pur-
chases 1 item per month, with an expenditure of EUR 28.5, which mainly comprise, in
descending order, clothes (mainly shoes, t-shirts, and sweaters), free time related objects
(mainly books and videogames), and electronics (mainly audio/video equipment, tele-
phony, and PC equipment). These data are in line with the results obtained by another
e-commerce report [54].

Overall, the spread of the PL delivery mode is low. In Rome, data indicate low PL
knowledge and usage of 22.1% and 8.2%, respectively. E-purchasers usually prefer home
(81.5%) or work/study place (8.4%) as delivery points, especially if there is someone ready
to receive a parcel at home (70.9% of the respondents). The most used travel mode to reach
a PL is a car (51.7%) followed by foot (44.8%), and by metro (3.4%). Roman travel habits
and the average distance travelled to reach a PL (almost 1 km) explain these data.

4.2. Econometric Results

We first discuss the MNL results and then examine the MWTDP and market demand-
related simulations.
Table 2 reports the MNL results.

Table 2. MNL results summary.

Parameters Coefficient Standard Error
INTERCEPT
Intercept [PL2] —0.101529 0.179811
Intercept [HD] 0.435139 ** 0.207196
PL ATTRIBUTES
Assistance —0.051814 0.070845
Incentive 0.281412 *** 0.050476
Green certification 0.211605 *** 0.075649
Location (public transport) —0.074414 0.055975
Location (shops) 0.043570 0.055311
Distance 500 m 0.689798 *** 0.063932
Distance 1500 m —0.501715 *** 0.074986
Accessibility 0.462071 *** 0.082752
INDIVIDUAL AND BEHAVIOURAL
CHARACTERISTICS
Previous use of collection points [PL2] —0.012961 0.272678
Previous use of PLs [PL2] —0.090487 0.267397

Presence of someone at home to collect a

0.071480 0.179545
parcel [PL2]
Level of education [PL2] 0.042427 0.145687
Previous use of collection points [HD] —1.279940 *** 0.450587
Previous use of PLs [HD] —1.069055 ** 0.418009
Presence of someone at home to collect a 0794460 *** 0.192009
parcel [HD]
Level of education [HD] —0.585778 *** 0.141255
Pseudo r? 0.131

* Significant 90% (*), significant 95% (**), significant 99% (***).
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Overall, the model fits the data fairly well, with a Pseudo R? of 0.131. Incentive, Green
certification, Accessibility, and Distance are statistically significant. As expected, the first
three attributes have a positive impact on utility, while the latter have a negative effect.
Furthermore, Assistance and Location are not statistically significant. The alternative-
specific constant and the individual/behavioral characteristics associated to the alternative
PL2 are, as one should expect, not significant, suggesting that people have the same
sensitivity with respect to the two generic PL alternatives. In particular, looking at those
variables affecting HD choice reveals that having someone at home to collect a parcel has a
positive effect, while having experienced the use of PLs or collection points has a negative
impact. The higher the level of education, the less likely that HD is chosen.

The next two sections provide a more in-depth discussion on the effect of these
attributes on PL choice through MWTP and market demand analysis.

4.2.1. Marginal Willingness to Pay

Table 3 reports the MWTP point estimates and their relative confidence intervals (using
the Krinsky and Robb method, for more details see [55]) for the statistically significant
attributes and taking Incentive as the monetary coefficient. Distance plays the lyon part. In
fact, consumers are willing to pay EUR 3.11 to reduce the PL distance from 1000 to 500 m.
The same change, moving from 1500 to 1000 m, has a lower monetary value, reflecting
the non-linear effect of this attribute. Moreover, people are willing to pay EUR 1.64 for
a PL that is available h24/7 day, while only being willing to pay EUR 0.75 for a green
certification.

Table 3. Marginal willingness to pay.

Variables Coefficients
Distance from 1000 to 500 m 3,171 ***
Accessibility h24 1.64 ***
Distance from 1500 to 1000 m 1.17 ***
Green certification 0.75 **

* Significant 90% (*), significant 95% (**), significant 99% (***).

4.2.2. Market Demand

This section investigates market demand through scenario simulations. The four
scenarios, based on possible different PL configurations, are:

1. Base scenario: PLs 1000 m from home/work, accessible during working hours. with-
out a green certification (representing, on average, the actual situation).

2. Scenario I: base scenario with 24 h accessibility.

Scenario II: base scenario with 500 m distance.

4.  Scenario III: base scenario with 500 m distance and h24 accessibility.

®

The paper considers these scenarios within a varying incentive level as well as within
a socio-economic and behavioral context, thus providing a thorough impact analysis.

In particular, we considered the following situations: (1) not graduated with someone
at home ready to receive parcel; (2) graduated with someone at home ready to receive
parcel; (3) graduated no one at home ready to receive parcel; and (4) not graduated no one
at home ready to receive parcel. Figures 1-4 describe the percentage of PL users for each
scenario depending on the incentive levels. Dots represent the theoretical market demand
with an incentive of EUR 1, as applied by one of the most famous e-retailers in Italy.
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Figure 4. Scenario IlI-base scenario with 500 m distance and h24 accessibility.

The base scenario depicts an overall quite high market demand for PLs, which ranges
from 72% to 40% when considering an incentive of EUR 1. Living with no one at home ready
to receive the parcel represents a key condition for the high market demand independent of
the education level (72% or 60%). However, even with someone at home, the demand is still
relatively high at 54% and 40% for graduated and non-graduated participants, respectively.

Scenario I depicts a new and overall high market demand for PLs, ranging from 80%
to 51% when considering an incentive of EUR 1. Living with no one at home ready to
receive the parcel represents a key condition for the high market demand independent of
the education level (80% or 70%). However, even with someone at home, the demand is
still quite high at 65% and 51% for graduated and non-graduated participants, respectively.

Scenario II depicts an overall higher market demand for PLs than the previous scenar-
ios, ranging from 86% to 61% when considering an incentive of EUR 1. Living with no one
at home ready to receive the parcel represents a key condition for the high market demand
independent of the education level (86% or 78%). However, even with someone at home,
the demand is still high at 74% and 61% for graduated and non-graduated participants,
respectively.

Scenario III depicts the highest market demand for PLs, ranging from 91% to 72%
when considering an incentive of EUR 1. Living with no one at home ready to receive the
parcel represents a key condition for the high market demand independent of the education
level (91% or 85%). However, even with someone at home, the demand is still at high 82%
and 72% for graduated and non-graduated participants, respectively.

Overall, the obtained results suggest an almost a priori interest in using PLs as the
endpoint for e-commerce fulfillment. We also witnessed the importance of PL proximity
(Scenario I and II) and how that factor is capable of boosting market demand. However,
even with a PL 1000 m away from home/work, independent of its temporal accessibility
(i.e., h24 or during working hours), we would still have a high demand. Higher educational
levels have a positive impact on PL use, while having someone at home has a negative one.

5. Discussion and Policy Implication

This section illustrates some policy implications deriving from the obtained results.
The discussion is articulated in two parts. The first part focuses on public sector implica-
tions, while the second part focuses on the private sector ones.

Results suggest a substantial PL demand for young e-consumers. In particular, capil-
larity, implying a high PL density (i.e., 4 PLs per km?), and h24 accessibility play a crucial
role when developing a PL network to stimulate their demand.
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A rough estimate of the number of PLs needed in Rome is worked out in what follows.
Rome unfolds onto a 1285 km? area. Supposing, and this is a heroic hypothesis, its shape
is square, we would have a city that is approximately 36 x 36 km. Should we place a PL
every 500 m from people’s home/work, assuming a homogeneous distribution of houses
and workplaces with respect to the city surface, we would need a total of approximately
5140 PLs in Rome. Notwithstanding the strong and not-so-realistic assumptions made, just
for the sake of providing a preliminary estimate, one could say that 5140 PLs are needed
in Rome. A recently conducted investigation performed in mid-2020 considering the PL
networks of the main e-tailers and logistics service providers (e.g., Amazon, DHL, Poste
Italiane, etc.), reports a total number of 192 PL locations [15]. While conscious that the
rough estimate provided needs to be substantially improved given the morphological char-
acteristics of the city (e.g., green areas, historical buildings, peripheral/scarcely populated
neighbourhoods, etc.), nevertheless, we can conclude that there is still a long way to go
before we can reach the optimal PL density in the city that capable of producing the results
that our modelling approach suggests. In fact, we could say that there are still 4948 PLs
that have still to be put in place.

The results that we obtained are in line with other studies performed in Brazil [13]
and Poland [14] and complement those reported in [23,30], who suggest optimal locations
and PL sizes as key elements for a PL network.

Guaranteeing h24 accessibility is easier said than done since the majority of PLs are
located in commercial establishments [56]. Metro and train stations could offer a quasi-
optimal solution. However, bureaucracy could represent a significant barrier, especially
when PLs are built in public spaces. Local administration plays a crucial role in adopting
easy/quick procedures or directly investing in PLs, especially in the case of a neutral PL
network (see [15,57]).

Overall, the results provided in this paper support the decision to include PLs as
a medium-term key action to improve the logistics sector in the SUMP for the city of
Rome [58].

Appropriate PL density considerations are also pertinent for the private sector. In fact,
private operators could either aim at a high PL density (i.e., 1 every 500 m) or alternatively,
position them not so densely (i.e., 1 every 1000 m); however, they should consider providing
PL users with a discount rate of approximately EUR 3. This result is supported by [33],
who estimate that the use of PLs instead of HDs in urban cities allows transport operators
to save up to EUR 2.71. Furthermore, a high market demand could still be reached with an
average PL distance of 1 km, targeting e-consumers not having someone at home to receive
a parcel or who are already using similar delivery schemes (e.g., collection points).

Overall, high PL market demand caused by its wide network could provide benefits
for the environment (e.g., less commercial vehicles, less pollution) as well as for almost all
stakeholders: (1) delivery operators could reduce costs; (2) customers could collect parcels
anytime; (3) e-retailers could exploit a cheaper delivery service; and (4) retailers could earn
extra money due to new purchases made by PL users [47].

In particular, a widespread PL network could favor people’s green behavior, as
suggested by student concerns about the environmental impact that freight transport
produces [59], encouraging a travel mode shift from private cars to non-motorized modes
of transport when picking-up their goods. In fact, PL users prefer to go by foot when
the PLs are positioned within 500 m. In line with our results, [22] show that collection
and delivery points that are 50% closer would lead to a 7% decrease in the probability of
choosing cars and a 5 km decrease in vehicle kilometers travelled per trip.

Integrating PLs with other logistics solutions, such as cargo bike, night deliveries,
and crowdshipping (e.g., parcel delivery from a PL located in the underground to another
location via an underground passenger [60]) could help increase their density, as suggested
by [28] and supported by our research. In fact, the combination of cargo bike and PLs in a
well-diffused network would reduce the trade-off between operational costs and external
costs.
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6. Conclusions

This paper investigates e-consumer delivery choice, focusing on PL attributes in
comparison to the status quo scenario (HD). In particular, the research performed in Rome
assesses the potential PL market demand on the basis of the preferences of youngsters
(defined as those under 30 years of age) using SP data.

Results show a positive attitude towards PLs, especially if they are characterized
by a short distance (less than 500 m from home/work), h24 accessibility, and a small
incentive (EUR 1), and these factors should represent PLs levels attributes. Moreover,
specific individual characteristics affect the probability of choosing PLs. In particular,
people who have graduated, who do no have someone at home to receive a parcel, or who
already have experience using collection points are more prone to choosing PLs.

This research provides a useful tool for policymakers, potentially helping them to
create informed decisions on PL implementation. In particular, it estimates the amount of
PLs needed (4948) and their locations (e.g., metro and train stations) so as to satisfy a high
market demand.

It also suggests several potential strategies for delivery operators:

Implement a widespread PL network (one every 500 m).
Implement a less-diffused PL network (one every 1000 m) offering an incentive of
EUR 3.

e Targeting special groups of individuals (i.e., students, people who live alone, collec-
tions points users).

PL introduction in the city of Rome is in its early stages. The interest in various
e-tailers and 3PL providers, have demonstrated, with respect to this solution capable of
mitigating the negative impacts an e-commerce surge, the need for a scientifically robust
yet practical method to plan and govern the likely diffusion of PLs in the eternal city. This
is further confirmed by the sustainable urban mobility plan adopted in Rome that considers
the adoption of a PLs-based strategy among one of the most important strategies to be
implemented so as to promote the environmental sustainability of last mile deliveries. We
are prone to thinking that the information acquired, the modelling approach proposed,
and the econometric results obtained can fruitfully be exploited by local public authorities
in developing consistent and well-structured PL deployment strategies. In fact, currently,
the Logistic Living Lab of the city of Rome (www.trelab.it (accessed on 4 August 2020))
is working on a small scale pilot project aimed at studying, in a real life context, the
strengths, weaknesses, opportunities, and threats pertaining to the deployment of both
a PL-agnostic and PL-branded network so as to compare their relative costs and benefits
under the triple P evaluation framework. It is worthwhile to note that the participatory
planning approach that the city of Rome has adopted in all of the activities pertaining to
the definition, adoption, and implementation of the sustainable urban mobility plan are
perfectly aligned to the strategy this paper adopts.

Future research could target a representative sample, as we only focused on people
below 30 years of age, and the assumptions made on Generation Z could potentially
constrain the generalization of the results. Furthermore, we could use more sophisticated
econometric models (e.g., mixed logit) in comparison to MNL and not accounting for
heterogeneity. Furthermore, consumer preference data should be acquired together with
mobility and delivery data so as to investigate the environmental impacts deriving from
different PL adoption levels in a comparative fashion with respect to HD.
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