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Abstract

Common-carrier parcel lockers present a solution for decreasing delivery times, traffic congestion, and emissions in dense
urban areas through consolidation of deliveries. Multi-story residential buildings with large number of residents, and thus a
high volume of online package orders, are one of the best venues for installing parcel lockers. But what is the right size for a
residential building locker that would suit the residents’ and building managers’ needs? Because of the novelty of parcel lock-
ers, there is no clear guideline for determining the right locker size and configuration for a residential building given the resi-
dent population. A small locker would result in packages exceeding capacity and being left in the lobby, increasing the building
manager’s workload and confusing and inconveniencing users. On the other hand, a large locker is more expensive, more dif-
ficult to install, and unappealing to residents. To answer this question, we installed a common-carrier parcel locker in a resi-
dential building in downtown Seattle, WA, U.S.A. Through collecting detailed data on locker usage from the locker provider
company, we studied and quantified carriers’ delivery patterns and residents’ online shopping and package pickup behaviors.
We then used this information to model the locker delivery and pickup process, and simulated several locker configurations
to find the one that best suits the delivery needs of the building. These findings could aid urban planners and building manag-
ers in choosing the right size for residential building lockers that meet delivery demand while minimizing costs and contribut-
ing to environmental benefits.
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Amid the popularity of online shopping and just-in-time
delivery, the e-commerce market is seeing exponential
growth. Between 2015 and 2020, the e-commerce sales
ratio nearly tripled, and the World Economic Forum has
predicted that online sales will account for 20% of the
retail market share by 2023 (/). The COVID-19 pan-
demic catalyzed this trend through many people staying
at home and performing the majority of their personal,
family, and even business-related shopping online. The
World Economic Forum has further predicted a 78%
increase in urban last-mile deliveries between 2020 and
2030, threatening a 30% increase in last-mile emissions
and traffic congestion in the world’s 100 most populous
cities (/). Urbanization, rapid technological advances,
increasing demand for next-day and same-day delivery,
and extended work-from-home trends (even as the pan-
demic subsides) will continue to drive e-commerce
growth and increase urban deliveries.

The last mile of delivery, denoting the final link of the
delivery journey from retailer to consumer, is the most
time-consuming and most expensive link in the delivery
process for urban areas. Major cities are characterized
by scarce street parking and frequent congestion, and
delivery drivers spend up to 80% of their tour time
parked (2). Moreover, up to 15% of delivery attempts
fail because the consumer is not home to receive the
package (3), requiring an additional delivery trip. Rising
consumer expectations around speed and convenience of
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home deliveries pressure urban residential streets that are
not equipped to handle large volumes of delivery vehi-
cles. Therefore, improving the last mile and especially
the “final 50 feet” of delivery—which comprises parking
in a spot, entering and navigating a building, and reach-
ing the consumer—holds the greatest potential for effi-
ciency gains (4).

Common-carrier parcel lockers offer a promising
solution to the “final 50feet” challenges by creating
delivery density and eliminating failed delivery attempts.
They provide a secure, automated, self-service central
hub where any carrier can deposit packages and consu-
mers can retrieve them at their convenience using a tem-
porary access code. By splitting the link between carriers
and consumers in the last mile, lockers consolidate deliv-
eries to distributed addresses at one location, resulting in
reduced delivery times (3). By providing a secure stor-
age system, they also eliminate failed delivery attempts
and the need for an additional trip. Furthermore, lock-
ers do not require couriers and consumers to meet at
the same time and place, promising greater convenience
for both parties. In the process, however, lockers shift
some delivery costs, such as travel time, from carrier to
consumer (5). For lockers to become commonplace,
users must come to view them as sustainable, conveni-
ent, and secure alternatives to home delivery.
Therefore, it is critical to understand the e-commerce
behavior of users and provide services that satisfy those
needs in an efficient way.

Parcel lockers may be placed in residential buildings,
commercial buildings, stores, or neighborhood hubs,
attracting users with different behaviors and needs.
Previous studies examined consumer views toward the
adoption and use of parcel lockers through surveys,
focus groups, or interviews. A survey of 15-64 years
old online shopping consumers in Jakarta, Indonesia,
found that most users still preferred traditional home
delivery over the public parcel lockers, citing timeliness
and convenience as main factors (6). However, some
favored lockers for their lower delivery costs and more
up-to-date package information. Researchers in Brazil
conducted a stated preference survey to understand
demand for public parcel lockers (7). 63% of respon-
dents said they would use the system, naming safety,
security and easy access as primary motivations.
Respondents also stated their preferred locations for
public lockers as supermarkets (26%), followed by
stores (22%), and shopping malls (21%). An intercept
survey of light rail riders in three stations in Seattle,
WA, found that the majority of riders preferred to
receive their online orders via home delivery rather
than in lockers, but 63% of respondents at one station
and more than 40% at the other two stations said they
would consider switching to a common-carrier locker if

there was one in the light rail station (§). With a focus
group of 26 Swedish online shopping consumers, all of
whom had interacted with a parcel locker before the
conversation, researchers found that if participants had
one positive experience with a parcel locker, they were
likely to continue using it, generating a cycle of positive
interactions (9, 10). In another study, Polish millennials
were asked if they would switch to locker delivery for
environmental reasons (/7). The researchers found that
lockers’ contribution to the emissions reduction is not
a strong enough incentive for young people; however,
they cited lower delivery costs and the ability to pick
up orders at any time of day as the primary perceived
advantages of lockers to respondents.

Among the most common types of lockers are those
in urban residential buildings, where large numbers of
residents create high volumes of package deliveries (72).
Building owners and managers are increasingly perceiv-
ing lockers as a solution to reducing their workload
while avoiding delivery couriers going to various floors.
Carriers and policy makers are also pushing for lockers
as a sustainable and more efficient solution to the last-
mile delivery challenges. However, because of the novelty
of lockers, there is no clear guideline for the right locker
size for a residential building with a certain resident pop-
ulation. A small locker would result in packages exceed-
ing capacity and being left outside the locker, increasing
the building manager’s workload and inconveniencing
users. It is therefore in the interests of both building
managers and residents to make sure the locker has
enough capacity to accommodate the delivery demand,
especially during the holiday season when online deliv-
eries peak. However, a locker also takes up space that
could be used for other purposes, and a larger locker is
more expensive, more difficult to install, and unappeal-
ing to residents.

While finding the right size for a locker is para-
mount, most locker providers and building managers
do not know what the right size and configuration for
a residential building locker is. Not only is residential
delivery demand often not well understood, but also
there are other behavioral aspects, such as users’ time-
to-pickup, that influence the performance of a locker.
As demand for last-mile delivery continues to grow,
emerging solutions like parcel lockers could play an
important role in alleviating the congestion while meet-
ing the delivery demand. Therefore, providing data
and tools to right-size urban residential lockers is
important to guarantee their successful and long-term
adoption.

The objective of this study is to establish a method for
finding the right size and configuration for a residential
building locker that suits the needs of residents and build-
ing managers and accounts for locker users’ behaviors.
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Figure 1. Overview of the study approach.

We partnered with a locker provider company to install a
common-carrier parcel locker in a residential building in
downtown Seattle, WA, U.S.A. Through collecting
detailed locker usage data, we studied and quantified car-
riers’ delivery patterns and residents’ online shopping
and package pickup behaviors. We then used this infor-
mation to model the locker delivery and pickup process,
through a discrete event simulation, and tested several
locker configurations to find the one that best suits the
delivery needs of the building.

Existing research has studied consumer preferences
for using parcel lockers; however, no study has looked
into right-sizing lockers. Parcel lockers have not been
widely adopted in the U.S., and companies often keep
their usage data private. Consequently, little data exists
on the daily and seasonal online shopping patterns and
locker users’ behaviors. Through a unique dataset of
locker usage patterns, this study fills those gaps to a good
extent. Moreover, the simulation results offer insights on
how to configure a parcel locker for a residential building
given its resident population. These insights could aid
urban planners and building managers in choosing the
right size and configuration for residential building lock-
ers that meet delivery demand while minimizing costs
and contributing to environmental benefits.

Study Approach

We partnered with a locker provider company and the
management of a residential building in downtown
Seattle, WA, to install and pilot test a parcel locker in
the building. We obtained locker usage data from the
locker provider company, and analyzed it to understand
the online package delivery demand and pickup behavior
of locker users. We then used this information to model
the locker delivery and pickup process, and simulated

several locker configurations to find the one that best
suits the delivery needs of the building.

Figure 1 presents the overview of the study approach,
and the main steps are described in the following
subsections.

Locker Installation

The residential building selected for this study is a 26-
story condominium, with 133units, in the Belltown
neighborhood of Seattle, WA. The 220-acre mixed-use
Belltown neighborhood is adjacent to Seattle’s central
business district, and as of the 2010 census, it was the
most densely populated neighborhood in Seattle, with
about 12,000 people living in a 0.3 square-mile area (/3).

The building had a mailbox area in the lobby and a
storage space on the fourth floor. Before the locker
installation, delivery couriers usually left packages in the
building lobby and/or walked throughout the building
and went to different floors to make doorstep deliveries.
The resident manager then picked up the packages left in
the lobby and either took them to residents’ doorsteps or
placed them in the fourth-floor storage space, if a resi-
dent were not home to receive their packages.

In early June 2020, we installed a four-tower parcel
locker with eight large, 28 medium, and 19 small cells
(Figure 2) in the building lobby, which started operating
immediately. When installation was complete, residents
were automatically registered in the locker operator’s
system by the building management. Every time a resi-
dent received a package in the locker, they received a
notification on their phone or by email, along with a
temporary access code to enter on the locker’s digital
keypad to retrieve their package.

Carriers were also provided with a code to access the
locker, which was communicated to them through the
locker company’s carrier relations team. Instructions for
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Figure 2. Schematic of the locker installed in the study building.

carriers were also posted in the building lobby. Upon
scanning the package and entering the carrier access code
on the locker digital keypad, the locker would show the
available cells, and the delivery courier could choose a
cell with an appropriate size to open and place the pack-
age inside it. Couriers were instructed not to place a
package that could fit into a small or medium cell into a
large cell to keep the few large cells available for bigger
packages. Cells were about 1.5 ft wide and 2 ft deep, and
the heights of the small, medium, and large cells were
respectively about 5, 10, and 25in.

Data Collection

The data for this study were provided by the locker oper-
ator company. For every package received in the locker,
the locker recorded unique identifiers and timestamps
for the carrier that dropped it off and for the user who
picked it up. We received 7 months of anonymized locker
usage data, from June to December 2020. For each indi-
vidual package delivery, the data consisted of the carrier,
the anonymized user identifier, the locker cell in which
the package was placed, and two timestamps for when
the package was placed in the locker by the carrier and
when the package was picked up by the user.

We cleaned the dataset to remove test deliveries from
the locker setup process and duplicate entries. We
derived the package size from the cell number and calcu-
lated time-to-pickup (the amount of time the package
was left in the locker) from the pickup and delivery time-
stamps. The final dataset used for the analysis consisted
of deliveries from June 5 to December 31, 2020. Packages
were also grouped into delivery batches by considering
all packages that arrived from the same carrier within
Smin of one another in the locker as one delivery batch.
The first week of deliveries was not included, to give resi-
dents and carriers some time to adapt to the locker
system.

Estimation of Delivery and Pickup Patterns

Key information for modeling the process of locker
delivery and pickup (and eventually for finding the right
locker size) is the number and frequency of packages that
are delivered to the building. However, most urban plan-
ners or building managers begin their planning knowing
only the number of users, not the distribution of package
deliveries.

We performed an empirical analysis on the locker
usage dataset, which is presented in the next section,
“Package Delivery and Pickup Patterns,” to understand
the online shopping delivery and pickup patterns and to
determine input values for the simulation model.

Simulation Framework

We used discrete event simulation with the queuing the-
ory concept to model the process of locker delivery and
pickup. Queuing theory can be applied to model random
arrival processes, such as customer requests to a call cen-
ter or help desk (/4). Servers can accommodate one
request at a time, or more if they have additional capac-
ity. After arriving, each customer waits in a queue until a
server becomes available. Once a server becomes avail-
able, customers are served for a random length of time
before exiting the system. In this study, package deliv-
eries represent request arrivals, servers are defined as
individual cells in the locker, and service time is set based
on the users’ time-to-pickup.

A key assumption behind the queuing theory concept
is the “forgetfulness property,” stating that customers
arrive randomly, and each arrival is not affected by previ-
ous arrivals. The forgetfulness property applies to locker
operation because the probability of a package arriving
in the locker does not depend on the time that the last
package arrived. Similarly, the service time (the amount
of time the package was inside the locker) is determined
by the behavior of individual residents and does not
depend on previous states of the locker.

Locker performance can be measured by two metrics:
locker occupancy rate and number of excess packages.
Locker occupancy rate is the percentage of locker cells
that are occupied and is averaged across hours of simula-
tion. Excess (or rejected) packages represents the number
of delivered packages that exceeded the locker capacity
and had to be left in the lobby.

High locker occupancy rates increase the chances of a
package being rejected, and packages left outside the
locker substantially increase the building manager’s
workload and confuse and inconvenience users. Building
managers, therefore, would like to maintain a low locker
occupancy rate and limit the excess packages to keep the
lobby from overflowing with packages as much as
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possible. However, the locker also takes up space in the
lobby, and a larger locker is more expensive, more diffi-
cult to install, and unappealing to residents. To find the
right size and configuration for the locker, we aimed at
minimizing the locker size while capping the locker occu-
pancy rate and the number of excess packages. The simu-
lation setting and inputs are described in the fourth
section.

Package Delivery and Pickup Patterns

The data for this study were provided by the locker oper-
ator company. We assumed that no package was left
outside the locker, and therefore, in the following, the
number of packages delivered to the locker is considered
equal to the number of packages delivered to the
building.

Deliveries to the Building

Table 1 shows summary statistics on deliveries to the
building during weekdays and weekends for the study
period. On average, couriers dropped off 3.5 packages

every time they visited the building. Weekend deliveries
accounted for a small percentage (19%) of all deliveries.

Figure 3 shows the average number of packages
delivered and picked up during the day for each month
of the study. Package deliveries increased considerably
during the fall and winter seasons: the average number
of packages delivered per day almost doubled between
June and December (increased from 23.9 in June to
46.1 in December). The peak delivery hours for the
building were between 9:00 and 11:00a.m., although
this window widened when moving into the busy holi-
day season.

Volume and Frequency of Online Orders

Over the 7 months of the study, residents received a total
of 6,823 packages. Table 2 summarizes the volume and
frequency of orders for a typical user. A typical user
received 38 packages throughout the 209 days observed,
one package every 5.5days. On average, users ordered
47% small, 38% medium, and 13% large packages.
Nearly all users received only a single package per
delivery batch.

Table I. Summary Statistics on Package Deliveries to the Building During the Study Period

Total packages

Peak delivery =~ Mean delivery

Mean packages Mean packages per delivery

delivered % of all deliveries hour batches per day  per delivery batch batch per user
Weekdays 5,552 814 10:00 a.m. 10.3 3.7 1.1
Weekends 1,271 18.6 10:00 a.m. 6.7 33 1.0
Overall 6,823 100 10:00a.m. 8.58 35 1.05
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Figure 3. Average number of packages delivered and picked up during the day for each month of the study.
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Table 2. Summary of the Volume and Frequency of Online Orders

for a Typical User Over the Study Period

Category Statistic Mean  Standard deviation =~ Minimum  25th percentile ~ 75th percentile =~ Maximum
Volume Total number of packages 37.6 309 I 16.5 50.5 154
received
Maximum number of 2.5 1.1 | 2 3 7
packages received in a
day
Frequency =~ Number of packages 0.2 0.2 0.0l 0.1 0.3 I

received per day

Number of packages per | |
delivery batch

% of days on which at 20% 10%
least one delivery was
received

| I 1.1 1.2
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Figure 4. Trends in daily package deliveries to the building.

We also modeled the time series of deliveries as the
sum of a trend component, cyclical seasonal component,
and random noise. Daily package delivery trends sepa-
rated into trend and weekly seasonal components are
shown in Figure 4. We observed a steady positive trend
in the overall number of deliveries from summer to win-
ter, consistent with seasonal e-commerce shopping pat-
terns, which peak sharply in late November to mid
December (the U.S. holiday season). Deliveries also fol-
lowed a weekly cycle—consistent throughout weekdays,
but with a sharp drop on weekends.

Time-to-Pickup

Users picked up packages throughout the day until late
evening. Figure 5 shows the cumulative distribution

function for time-to-pickup. The median time-to-pickup
was 4.2h, but the mean was 12.5h, reflecting a right-
skewed distribution; 84% of pickups happened within
24h of delivery. The increased work-from-home beha-
vior during the COVID-19 pandemic might have reduced
time-to-pickup, as more people were likely at home dur-
ing business hours to pick up their packages from the
locker.

There was no limit for how long packages can stay in
the locker, nor a late-pickup penalty for residents.
However, nearly all (99%) orders were picked up within
one week of delivery. Residents took longer to pick up
orders on weekends and during the fall and winter
seasons: the average time-to-pickup increased by 19%
from June to December. We also observed a few
instances of very long time-to-pickup (up to 54 days) in
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period.

Note: The gray line displays the raw data, and the bold black line shows the
smooth weekly trend cycle component obtained through seasonal and
trend decomposition.

fall that likely occurred because of vacations or other
absences.

Locker Occupancy

Figure 6 shows the time series plot for the locker occu-
pancy rate (average percentage of locker cells that are
occupied). The occupancy rate increased in the fall
holidays (Halloween, Thanksgiving, and Christmas) with
a peak on December 12 at 51%, which is more than four
times the average occupancy rate in June (12%). The
increased occupancy rate was mostly the result of
increased deliveries, but also in part due to longer time-
to-pickup (perhaps as a result of residents being away for
the holidays). Although occupancy rate varied dramati-
cally from week to week, it did not change much on

different days within the same week—we observed only
2% to 4% variation in occupancy rate between
weekdays.

Package Order Demand Estimation

To find the mean number of packages per delivery batch
at the building, we developed the following equation
using the locker usage data. As noted in Table 2, the
mean number of packages (pckg) received per day for a
typical user is 0.2, and Table 1 presented the mean num-
ber of delivery batches per day as 8.58.

Mean pckg per delivery batch = No.of users X
0.2 pckg lday
day Xuser  8.58 delivery batches

This equation can be used for urban residential build-
ings with a population similar to that of the study build-
ing. It assumes that as population increases, the relative
demand for different package sizes would remain the
same, and that the delivery rate would not change; i.e.
large carriers have fixed routes and would economize on
fuel and labor costs by bundling more packages within
each delivery batch.

Simulation Setting and Inputs

We used discrete event simulation and applied the queu-
ing theory concept to model the process of locker delivery
and pickup. The simulation is implemented in the R pro-
gramming language using the Simmer package (/5). The
setting and inputs of the simulation model are described
in the following subsections.

Timeframe and Simulation Length

Delivery demand at the building fluctuated significantly
throughout the study period because of seasonal order-
ing patterns. For this reason, we narrowed the simulation
time period to September 1 through November 30, dur-
ing which time the locker experienced relatively consis-
tent and high demand.

To allow for packages that remained in the locker at
the end of a day and affected the locker occupancy on
the following day, we modeled an entire business week
(5days). Weekends were excluded from the simulation
because of their much lower demand. Deliveries were set
to arrive randomly from 8:00a.m. to 6:00 p.m. After
6:00 p.m., deliveries stopped, but pickups continued
according to the distribution of time-to-pickup. The fol-
lowing day, deliveries resumed.
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Simulation Inputs

The key input parameters in a queuing model are: num-
ber of servers, server capacity, service time, arrival rate,
and allowed queue length.

The locker delivery process for each day is modeled
with three servers, representing the three locker cell sizes
(small, medium, and large). The capacity of each server
is set equal to the number of cells of that size (large = 8,
medium = 28, and small = 19). Based on the instruc-
tions given to couriers about placing packages in cells
with appropriate sizes (see “Locker Installation” subsec-
tion above), we assumed that small packages are allowed
in small and medium cells, medium-sized packages may
be placed in medium or large cells, and large packages
could only be placed in large cells. The allowed queue
length is set to zero, indicating that if a package encoun-
tered a server at full capacity (i.e., no locker cell with an
appropriate size was available at the time of delivery),
the package would be rejected by the locker and left in
the lobby.

The package arrival rate is defined as a combination
of delivery batch arrival rate and number of packages
per delivery batch. Packages arrive in delivery batches
according to a zero-truncated Poisson distribution
(mean = 3.8 package and standard deviation = 3.2 pack-
age). The distribution of package sizes is considered to
be: 50% small, 40% medium, and 10% large, following
the distribution observed in the locker usage data. The
delivery batch interarrival time distribution is defined as
an exponential distribution (mean = 43.7min and stan-
dard deviation = 53.1 min), which is derived from the
average number of packages arriving per minute at the
study building. Time-to-pickup also has an exponential
distribution (mean = 10.96h and standard deviation =
16.37h), and the rate for the service time is set to the
inverse of time-to-pickup. Delivery interarrival time and
time-to-pickup distributions are determined using empiri-
cal distributions from the locker usage data for the
selected time period (September—November).

Table 3. Simulation Results for Candidate Locker Configurations

Decision Framework

Our two performance criteria for accepting a locker sys-
tem are the locker occupancy rate and the number of
excess packages. Based on the discussion with the build-
ing managers, we set the maximum average locker occu-
pancy rate to 60%, and the maximum number of excess
packages in a week to five.

The smallest locker size (the one with the least number
of towers) that satisfies these requirements would be a
suitable locker for the building. Among the same-size
lockers that meet the requirements, the one with lower
occupancy rate and fewer excess packages is preferred.

Results

Candidate Locker Configurations

Locker companies usually offer a modular system of
towers. The locker system can be modified to achieve the
desired configuration by (i) changing the overall size
through adding or removing towers, and/or (ii) swapping
towers for others with a different combination of small,
medium, and large cells.

Not every configuration is possible though. The locker
provider companies have a set of fixed tower configura-
tions, and every locker system needs to have a tower with
a control unit in it. Having consulted with the locker pro-
vider company to our study building, we identified six
configurations with three, four, and five towers that are
commonly used in residential buildings as candidate con-
figurations to be tested. The six candidate configurations
are presented in the following subsection.

Simulation Results

Table 3 presents the results of simulation runs for the six
tested configurations. Each simulation scenario was run
10 times and the results are averaged across the runs.

Number of cells

Number of
Configuration ~ Number of towers  Small Medium Large Average occupancy rate (%) excess packages Met requirements?**
| 4 37 19 8 28 1.9 Yes
I 5 25 25 10 32 48 Yes
1 4 19 28 8 31 4.8 Yes
v 3 19 18 6 39 12.8 No
\' 4 13 21 10 37 14.2 No
Vi 4 19 8 12 39 19.4 No

sk
Current configuration of the study building locker.

**Occupancy rate < 60% and excess packages < 5.
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All lockers met the occupancy rate requirement, but
only four- and five-tower lockers with more small and
medium cells (Configurations I, II, and III) kept the
number of excess packages below the set threshold.
Those that did not meet the excess package requirement,
were either too small (Configuration IV with three
towers), or allocated too much space to large cells
(Configurations V and VI).

Among the three configurations that met both
requirements, the current configuration (Configuration
IIT) and Configuration I, which have four towers, are
preferred over the five-tower Configuration II, because
they are smaller and thus have a lower cost and require
less space in the building. The current configuration
proved to be well suited to the building demand; how-
ever, Configuration I is slightly preferred because it
would result in a lower occupancy rate and fewer excess
packages.

Sensitivity Analysis

To test the impacts of changing the simulation parameter
values on the results, we performed a sensitivity analysis
on the locker occupancy rate with respect to three key
input parameters: packages per delivery batch, delivery
batch interarrival time, and time-to-pickup. Changes in
the number of packages per delivery batch happen
because of changes in the number of users or changes in
the number of packages per user; changes in delivery
batch interarrival times reflect changes in delivery batch
frequency; and changes in the average time-to-pickup are
an indication of how long packages remain in the locker.
Each parameter was varied in steps of 20%, between
—40% and + 40% of its set value. For each parameter
change, all other parameters were held constant, and the
corresponding locker occupancy rate was recorded.

The sensitivity analysis results are shown in Figure 7.
The slope of each line indicates the change in the occu-
pancy rate given a corresponding change in a parameter
value, and represents the relative sensitivity of the locker
occupancy rate to that parameter. The results show that
increased time between delivery arrivals (i.e., reduced
delivery frequency) has a similar effect on the locker
occupancy rate as reduced number of packages per deliv-
ery batch (fewer users or fewer packages per user) or
reduced time-to-pickup, by the same proportion.

Figure 8 shows a direct sensitivity analysis for the
number of users, and provides a more detailed view of
how the resident population affects the locker occu-
pancy. Since we kept the package delivery rate the same
across simulation runs, the daily patterns are roughly the
same, with occupancy rate peaking during peak delivery
hours in the day and dropping at night as residents pick
up their packages. The locker does not approach
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Figure 7. Sensitivity analysis results for the locker occupancy
rate for the key simulation input parameters.
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Figure 8. Variations in the locker occupancy rate during one
week of simulation, given different numbers of users. Occupancy
peaks during the day and declines at night when deliveries cease.

occupancy rates of higher than 80% until there are 250
users (about double the current number of users). This
suggests the current locker can accommodate some addi-
tional demand during the peak delivery season.

Discussion and Conclusions

This study aimed at finding the right size and configura-
tion for a residential building locker that suits the needs of
residents and building managers. We installed a common-
carrier parcel locker in a residential building in downtown
Seattle, WA, U.S.A. Through collecting locker usage data
from the locker provider company, we studied and quanti-
fied carriers’ delivery patterns and residents’ online shop-
ping and package pickup behaviors.

Carriers’ patterns of delivery to the building and resi-
dents’ online shopping behaviors were used to model the
locker’s delivery and pickup process in the building. We
tested several locker configurations through simulation



10

Transportation Research Record 00(0)

to find the best option, which we defined as the smallest
locker size that satisfies the occupancy rate and excess
package requirements. In the simulation, the current
locker configuration performed well, turning out to be the
second best option, with the best configuration showing
only a slightly better performance (a 3% lower occupancy
rate and three fewer excess packages). The calculated occu-
pancy rate and excess packages for the current configura-
tion in the simulation model align with the feedback
received from the building managers and the locker usage
data. The building managers stated that, outside the holi-
day season when the building receives many deliveries,
packages almost never overflowed into the lobby and the
locker easily handled the demand. The locker usage data
also showed average occupancy rates of 15% to 35%,
which matches those found in the simulation runs.

It should be noted that we did not test every possible
locker configuration in this study and limited our testing
to the six predefined configurations that were commonly
used by the locker provider company in residential build-
ings. Future studies can look into finding the optimal
locker configuration by developing those configurations
from scratch.

The satisfactory performance of the current locker
shows that the building management picked the right
configuration to suit the residents’ needs. This is perhaps
because the resident manager used to handle most of the
residents’ package deliveries before the locker installa-
tion, and had a correct understanding of the number and
size of the packages residents usually ordered online.
Initially, the locker company suggested a three-tower
locker with a few large cells and an even distribution of
medium and small cells for the building; but the building
management deemed that insufficient and asked for a
four-tower locker with more medium cells than small
cells. The simulation showed that the number of excess
packages can dramatically increase with only a minor
alteration in the distribution of locker cell sizes, demon-
strating the importance of choosing the right locker
configuration.

It is critical for building managers and locker provider
companies to collect information on residents’ online
shopping behaviors before deciding on a locker size and
configuration for a building. An interesting future
research project could be to build models that estimate
residents’ time-to-pickup and the number and frequency
of online package orders based on their socio-economic
characteristics. In this way, simulation inputs could be
derived directly from information about the number and
mix of the resident population, which can potentially be
collected through a resident survey. This would make it
easier for building managers and locker providers to find
the right size and configuration for a prospective locker
system in a building.

The sensitivity analysis showed that delivery consoli-
dation (fewer deliveries to the building per day) and
applying limits on time-to-pickup appear to be effective
strategies for ensuring there is enough available space in
the locker to meet online shopping demand at the build-
ing. While delivery consolidation is outside the control of
building managers, they can influence time-to-pickup to
maintain a successful locker performance. Strategies such
as sending additional notifications during busy delivery
periods to nudge residents to pick up their packages and/
or applying a late-pickup penalty could result in a lower
occupancy rate and higher turnover for the locker.

There is also a myriad of other factors that could
influence the locker size. Technology and/or business
innovations (e.g., devising a strategy to reduce package
sizes, or developing a new delivery solution), public poli-
cies (e.g., applying a carbon tax), economic situations
(e.g., pandemics or rising gas prices) or available
resources (e.g., the space for placing the locker in the
building), could all directly or indirectly affect the size of
a locker.

Several assumptions were made to simplify the simula-
tion model in this study, but future studies could relax
those for more precise estimates. First, deliveries were
assumed to arrive randomly, while in reality, delivery arri-
vals are in part systematically determined by carrier routes,
which often follow similar patterns each day. Second, no
attempt was made to distinguish between carriers, each of
which drops off a different number of packages and arrives
at different times in a day. Finally, the delivery batch arri-
val rate was assumed to remain constant as the number of
residents increased, and only the number of packages per
delivery batch varied with a change in the number of resi-
dents. However, in reality, the delivery batch arrival rate
would also change, especially for services such as Amazon
Prime that promise delivery in tight time windows. Future
studies can look further into modeling interactions between
the number of packages per delivery batch and delivery
batch arrival rate.

Finally, it should be noted that this study was carried
out during the COVID-19 pandemic. During this time,
residential areas saw dramatic spikes in package deliv-
eries, and times-to-pickup were likely shorter as more
people were at home during business hours to pick up
their packages. For this reason, some of the statistics and
findings, such as the number of package deliveries per
day or average time-to-pickup, should not be generalized
to typical situations.
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