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Last-mile delivery, the final leg of the supply chain to consumers, significantly impacts the environment, par-
ticularly in the grocery sector, due to the perishable nature of food items often necessitating expedited delivery
methods. The role of consumer behavior in this process has been overlooked, and their preferences in a trade-
off between the benefits of grocery home delivery and the environment have yet to be clarified. This paper
bridges this gap by integrating behavioral logistics with key drivers of green consumer behavior to optimize
grocery delivery, leveraging primary consumer data to enhance efficiency and minimize environmental impact.
Using a two-part methodology, the research combines a controlled experiment and an optimization model. By
partnering with an Italian supermarket, this research examines the impact of financial incentives, green nudges,
and peer collaboration on consumer grocery delivery choices and routing optimization. The findings reveal
that moral green nudges outweigh financial incentives and amplify the effect, and peer influence drives the
adoption of shared and more sustainable delivery systems. The optimization model quantifies these behavioral
insights, demonstrating cost reductions of up to 42.5% through flexible delivery scheduling and 76.8% via
a shared cart mechanism. The findings provide valuable insights for practitioners and policymakers willing
to intervene in the crossing of consumer choices and grocery delivery efficiency by presenting an innovative
and ready-to-implement solution, which we denote as “the shared cart”. In showing the importance of social
pressure for collaborative pro-environmental behavior, the shared cart practically embodies the potential for
safeguarding the environment, while enabling cost-saving for last-mile delivery in the grocery sector.

1. Introduction

In today’s increasingly interconnected and e-commerce-driven wo-
rld, the importance of last-mile delivery cannot be overstated. The last-
mile delivery, representing the final leg of the supply chain, plays a piv-
otal role in ensuring that products reach consumers’ doorsteps promptly
and efficiently; however, this convenience comes at a cost, particularly
in terms of its significant environmental impact. The transportation
and logistics involved in last-mile delivery contribute to emissions,
congestion, and resource consumption, all of which have far-reaching
consequences for the environment (Melkonyan et al., 2020).

The consumer, as the ultimate recipient of these goods and services,
plays a central but often overlooked role in the last-mile delivery pro-
cess. Consumer choices, behaviors, and preferences profoundly impact
the execution of last-mile delivery. Yet, these factors have received
relatively limited attention in the broader discussion of supply chain

logistics and sustainability. Understanding and influencing consumer
behavior in the context of last-mile delivery is a critical dimension
of behavioral operations management (Kirchoff et al., 2016; Fahimnia
et al.,, 2019). The present research aims to contribute to this field by
investigating how the supplier can influence consumer behavior in the
context of last-mile delivery, and how it can, in turn, affect the supply
chain sustainability.

In the grocery sector, the environmental impact of last-mile deliv-
ery is pronounced due to the perishable nature of food items, often
necessitating expedited delivery methods. This urgency can lead to
an over-reliance on fossil fuel-powered vehicles and inefficient rout-
ing, contributing to elevated carbon emissions and air pollution. The
importance of home deliveries in the grocery sector has experienced
a remarkable surge, particularly in the aftermath of the COVID-19
pandemic. Consumers who had never previously considered online
grocery shopping became reliant on these services to ensure access to
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necessities while minimizing the risk of exposure to the virus (Hobbs,
2020).

While the surge in home deliveries in the grocery sector presents
numerous opportunities, it also brings forth challenges that must be
addressed; they span from logistical complexities (ensuring timely and
efficient delivery routes, managing perishable items, and optimizing
delivery personnel) to environmental concerns (Cachon and Terwiesch,
2019). The need to balance the convenience of home deliveries with
sustainability imperatives arises. Consumer choices and behaviors sig-
nificantly shape the landscape of last-mile grocery operations, as they
dictate the frequency and nature of these deliveries. Yet, consumer
influence in this context has received limited attention, with environ-
mental concerns often taking a backseat to convenience and immediacy
(Belhadi et al., 2021).

This research aims to determine whether consumers can strike a
balance between the convenience and benefits of home grocery delivery
and its environmental impact. If yes, what incentives or interventions
are required to facilitate such behavior? In addition to financial incen-
tives and sustainability-related nudges (Shubert et al., 2017; Capraro
et al., 2019; Fehr and Schmidt, 1999), social effects and peer influence
might play a role in the consumer delivery choice, especially in the
grocery sector where consumers usually live in the same area. We
explore the concept of “peer influence”, which refers to the behavior
of others that acts as a social norm, potentially shaping individual
decisions. Peer influence plays a critical role in consumer behavior, as
individuals often look to the actions and choices of others when forming
their own preferences, especially in contexts that involve sustainabil-
ity and collective actions. Understanding this dynamic is essential in
assessing how collaborative mechanisms such as shared deliveries and
sustainable practices can be effectively promoted. Social norms and the
behavior of others can act as powerful nudges themselves (Cialdini,
2003). We can import the motivations of social norms to back our
hypothesis that sustainable practices can be further strengthened by the
proximity of other consumers. We investigate whether consumers are
more likely to choose sustainable last-mile delivery options if they are
adopted by others (neighbors, in particular). To test this, we introduced
the “shared cart”, a delivery option that consolidated orders, reducing
the distance traveled and consequently the environmental impact.

In the second part of our study, we used the results obtained to
include them in an optimization model for last-mile delivery in the gro-
cery sector. The empirical study and optimization model are designed
to work synergistically. The behavioral data from the experiments
serve as critical inputs for the optimization model, creating a feedback
loop that bridges the gap between theoretical insights and practical
applications. While the two components could be independently pre-
sented, their combination offers a more holistic understanding of how
sustainable consumer behavior can be encouraged and operationalized.

The experimental findings reveal that green nudges amplify the
effect of financial incentives, particularly for less sustainability-oriented
consumers, aligning extrinsic rewards with moral values (Thaler and
Sustein, 2008; Benartzi et al.,, 2017). However, financial incentives
following green nudges have a diminished incremental effect, high-
lighting the dominance of moral motivators in sustainability (Fanghella
et al., 2021). Peer influence significantly drives the adoption of shared
delivery mechanisms, with collective behavior playing a critical role in
the promotion of sustainable choices (Cialdini, 2003).

The optimization model quantifies the operational benefits of these
behavioral insights. Flexible delivery reduces costs by 20.3% for day-
only flexibility, 37.5% for time-only flexibility, and 42.5% for both. The
shared cart mechanism, rooted in peer influence dynamics, achieves
additional savings of up to 57.2%, with optimal cart sizes reducing
costs by 76.8%. This study tightly integrates behavioral and opera-
tional perspectives, offering a comprehensive framework for designing
sustainable last-mile delivery systems. By combining behavioral inter-
ventions with operational strategies, the findings provide actionable
pathways for enhancing efficiency and reducing environmental impact.
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This approach demonstrates the potential for leveraging consumer be-
havior to achieve broader sustainability goals in logistics. Experiments
show that the slight increment of waiting time for the customers is
totally compensated by a huge savings from both an economic and an
environmental point of view.

The rest of the paper is structured as follows. Section 2 reviews
literature on the main research topics, namely, nudging, financial in-
centives, and social norms as drivers in the last-mile delivery decisions
and last-mile delivery optimization of consumers. Section 3 introduces
the methodology while Section 4 presents the hypotheses development
and the adopted methodologies for the empirical study. Section 5
presents and analyzes the empirical results while Section 6. describes
the optimization models and the analyses on the benefit of nudging
and monetary incentives. Section 7 summarizes the results and draws
conclusions.

2. Literature review

Previous research, particularly in energy consumption and sustain-
ability (Fanghella et al., 2021; Mi et al., 2021), has examined the
interplay between nudges and financial incentives to motivate con-
sumers toward sustainable behavior. While financial incentives are
well-documented motivators for eco-friendly behavior (Gneezy and
Rustichini, 2000; Sadiq et al., 2021), green nudges, as popularized
by Thaler and Sustein (2008), represent a subtler, cost-effective, and
potentially longer-lasting approach (Agatz et al., 2021). For example,
experimental studies have shown that reframing of delivery options can
effectively nudge consumers toward greener choices. (Polonsky et al.,
2014; Alcott and Rogers, 2014; Huitink et al., 2020; Vermote et al.,
2020). Alcott and Rogers (2014) and Loewenstein et al. (2007) provide
foundational insights into the integration of nudges and financial in-
centives, showing how these mechanisms, when applied together, can
shape consumer choices toward sustainability.

Within the grocery sector, Agatz et al. (2021) demonstrate that
green labels significantly influence time-slot choices, maintaining ef-
fectiveness even when paired with price incentives. However, they note
that price incentives add limited value beyond green labels alone and
do not quantify the operational impact of more sustainable choices.
Similarly, Otaki et al. (2024) examine the effects of combining fi-
nancial incentives and nudges on water-saving behaviors, finding that
while nudges generate urgency, their tangible behavioral impacts can
differ across consumer segments. Buckley and Llerena (2022) further
highlight that nudge-based interventions can perform as effectively
as equivalent price-based measures. Quicker integration into decision-
making and prevention of welfare losses are additional benefits. Over-
all, opinions on the standalone and combined effectiveness of financial
incentives and nudges remain divided (Fiorillo and Sapio, 2019; Asen-
sio and Delmas, 2016; Farrow et al., 2017; Fanghella et al., 2021;
Mizobuchi and Takeuchi, 2013; Phipps et al., 2015). Yet, evidence
of their combined impact is inconsistent across sectors, necessitating
further exploration (Fanghella et al., 2021; Mizobuchi and Takeuchi,
2013; Yoeli et al., 2017).

Building on these findings, this research aims to address whether
nudges emphasizing the environmental consequences of delivery choi-
ces can enhance consumer responsiveness to financial incentives for
eco-friendly options. In practice, the first contribution of this paper
is to explore the interplay between the two incentives and investigate
whether nudges can enhance the effectiveness of financial incentives.
It will also examine whether nudges alone can push toward sustainable
delivery behavior. In addition to these direct incentives, the role of
social dynamics, particularly peer influence, has emerged as a critical
factor in shaping sustainable behavior. Peer influence, refers to the
behavior of others that acts as a social norm, potentially shaping
individual decisions. It plays a critical role in consumer behavior, as
individuals often look to the actions and choices of others when forming
their own preferences, especially in contexts that involve sustainability
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and collective actions. Peer influence has been identified as a powerful
tool for fostering collective action (Capraro et al., 2019; Cialdini, 2003).
By observing the eco-friendly behaviors of others, individuals may be
nudged toward similar choices, creating a ripple effect that reinforces
sustainable practices within communities. Understanding this dynamic
is essential to assess how collaborative mechanisms such as shared
deliveries and sustainable practices can be effectively promoted. This
highlights the need for holistic strategies that integrate behavioral
insights such as peer influence, with logistical interventions. The second
contribution of this paper clarifies how the sustainable behavior of
peers can influence consumers to improve operations in the last mile.
To investigate this further, we propose an innovative delivery option
defined as a “shared cart”, which addresses the problem of repeated
routes leveraging the customer cooperation attitude from pro-social
norms behavior. It introduces the innovative concept of materializing
a common good such as environmental benefits through the shared
cart mechanism. This approach transforms a typically intangible and
long-term goal (environment protection) into an actionable and daily
decision (delivery choice). The shared cart leverages the behavior
of proximate users (e.g., neighbors shopping at the same store) to
nudge consumers toward responsible choices, visualizing cooperation
to safeguard common goods. The third contribution of our study lies
in its dual-methodological approach, which combines experimental
investigations of consumer behavior with optimization modeling. While
each component could potentially stand alone as independent research,
their integration represents a unique contribution.

Indeed, logistical interventions for the optimization of home de-
livery routes for reducing CO2e emissions require an understanding
of consumer behavior, especially regarding flexible delivery options
and the adoption of shared delivery systems. Literature addressing
operational optimization often focuses on technological solutions, such
as vehicle design, dynamic routing, and driver behavior modifica-
tion (Arroyo-Lépez et al., 2021; Xiao and Konak, 2017; Mancini and
Gansterer, 2021). While these studies clearly show the advantage of
order bundles (see also Mancini et al., 2025b), these approaches fre-
quently neglect the role of consumer behavior in shaping delivery
efficiency. This impact can be high as customers might be incentivized
to build orders by themselves.

Recent work in behavioral operations management has sought to
address this gap by integrating insights from psychology and behavioral
science into operational decision-making (Agatz et al., 2021; Boyer
et al., 2009). This evolving field emphasizes the importance of under-
standing how consumer preferences — particularly for flexible delivery
options and shared delivery systems — can shape logistical efficiency
and sustainability. Behavioral data on preferences for delivery tim-
ing and peer-driven participation in mechanisms such as shared cart
systems are increasingly recognized as valuable inputs for optimizing
operational processes. Innovations such as dynamic slotting (Lang et al.,
2021) and time-window pricing mechanisms (Zhou et al., 2022) offer
promising pathways for aligning consumer incentives with environmen-
tal and logistical objectives. In Voigt et al. (2025), for instance, it is
shown that consumer flexibility in terms of delivery days rather than
time slots can lead to considerable reductions in both transportation
costs and CO2e emissions. This flexibility is denoted as “some-day
option” and it is also the basis for Amazon’s “free no-rush” concept.
The authors solve the respective routing problem and point out that in
future research consolidation effects should be taken into account. Our
study contributes to this field.

By leveraging these insights, research demonstrates the potential
for integrating consumer behavior into logistical models to achieve
both operational efficiency and sustainability. This approach reflects
a broader shift toward holistic strategies that combine technological
solutions with behavioral interventions to optimize last-mile delivery
systems.
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3. Methodology for the empirical study

Experiments in a controlled environment are recognized as a pow-
erful methodology to test the effect of moral nudges and financial
incentives. We develop a novel task that captures the choice of actual
delivery options in grocery buying, represented by a trade-off between
private and societal benefits. We implemented a two-part experiment,
starting with a dictator game and finishing with a novel task series.
The dictator game aimed to capture the individual propensity to the
common good, measured by the choice of sustainable delivery op-
tions. Dictator games are well suited to reveal the allocator’s true
social preference (van Dijk and De Dreu, 2021). The first part can
be framed, according to a classification of the behavioral paradigm
in pro-environmental behavior (Lange, 2023). The class of behavioral
paradigms involves assigning participants to a standardized task that
can be completed by using resources (i.e., water, electricity, paper) in
a relatively efficient way. However, they will have to select how their
grocery is delivered (routine task) by reducing the CO2 emissions of
the delivery itself. This behavioral paradigm is linked to personal costs
in the form of effort made by participants to complete the task in more
resource-efficient (or less impactful for the environment) ways.

The novel task series aims to capture the emergence of an indi-
vidual’s propensity to collaborate for a common good when others
cooperate in real life. This second part can be framed in the social
dilemma games category in Lange (2023)’s classification of the be-
havioral paradigm of pro-environmental behavior: participants make
choices that affect their payoff and the state of a common pool (and
thus the payoff of all players in the game).

To validate our experimental setting, we first performed a pilot test
with 15 Ph.D. students in management and sustainability engineering
before distributing it to the final sample of consumers. The sample was
extracted from a pool of about 700 real consumers of an Italian super-
market’s e-commerce channel Maxistore Deco’ Conigliarol and a group
of potential customers of the same supermarket (people living near the
store) to obtain a similar number of answers for randomization of the
sample. After comprehension and attention checks on participants, we
removed answers from 11 participants who failed the tests and created
a dataset of 112 completed responses. Out of this, 61 were from existing
consumers and 51 were from potential customers. Similar samples were
used in studies by Agatz et al. (2021) to draw generalizable conclusions
for the time slot choices in delivery services.

3.1. Task design

We designed an experiment that simulated the delivery options for
the online purchase of groceries through an online Google form. The
experiment is divided into two parts. In the first part, consumers were
required to choose a delivery type among four options. They vary in
the possibility of a customer choosing the time and date of delivery
(1 - choose date and time, 2 - choose time, 3 - choose date, 4 - don’t
choose time or date). Option 1la is defined as a low-flexibility option,
Options 2 and 3 as medium-flexibility options, and Option 4 as a high-
flexibility option. Options 2 and 3 were grouped into medium flexibility
levels to account for the practical constraints faced by consumers such
as fixed schedules due to work commitments or personal obligations
(Voigt et al., 2025). For example, some consumers might be available
for delivery all day long on some days and not others because they
work from home on specific days of the week, or because they have
a doorman service on some days. Oppositely, other consumers might
be available every day buy only on specific hours, because they have
fixed office working hours throughout the week. These constraints often
limit the ability of individuals to accommodate highly flexible delivery
options. Setting day flexibility within fixed hours (option 2) and hour
flexibility within fixed days (option 3) as equally flexible is coherent
with previous studies who demonstrate that these two delivery at-
tributes are chosen with comparable frequency as preferable options by
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Table 1
CO2e emissions reduction for each delivery option as nudge.

Delivery option Environmental impact reduction

(1) choose the delivery time and date 0%
(2) choose the delivery time 30%
(3) choose the delivery date 30%

(4) do not choose the time or date of delivery 60%

Table 2
Discount value for each delivery option as a financial incentive.

Delivery option Discount value

(1) choose the delivery time and date €0
(2) choose the delivery time €1
(3) choose the delivery date €1
(4) do not choose the time or date of delivery €2

consumers (Nguyen et al., 2019). By offering these intermediate levels
of flexibility, we aimed to strike a balance that captured meaningful
variations in consumer preferences compatible with their realistic time
and scheduling limitations.

The environmental benefit measured by CO2 equivalent (CO2e)
reduction increased with greater flexibility in delivery time and date.
CO2e emission reductions were as follows: 0% for the least flexible
option (Option 1), 30% for medium flexibility (Options 2 and 3), and
60% for the most flexible option (Option 4), as shown in Table 1. The
60% CO2e emission reduction for Option 4 was based on Kemp et al.
(2022), where grocery deliveries using a V125 vehicle resulted in a 60%
reduction in vehicle distance traveled, equivalent to 4.6 km.

For the sake of realism, we included a set of financial incentives
as discounts in the design of the experiment (see Table 2). The fi-
nancial incentive consisted of a discount on grocery delivery: the
monetary discount was equal to the real-life grocery delivery price
of Maxistore Deco’ Conigliaro, which is €2 for deliveries in the area
near the supermarket. This choice is coherent with the optimization-
based analysis of this paper, which takes into account areas near
the supermarket or warehouse. Choosing a flexible schedule delivery
produces an environmentally positive externality; the uncertainty of
time and/or date delivery requires an effort for the consumer to make
themselves available that is proportional to its environmentally positive
externality.

For the sake of realism, we included a set of financial incentives
as discounts in the design of the experiment (see Table 2). In real life,
choosing a flexible schedule delivery produces an environmentally pos-
itive externality. The uncertainty of time and/or date delivery requires
an effort for the consumer to make themselves available. In this case,
it is proportional to its environmentally positive externality. Option 1a
has low flexibility, options 2 and 3 have medium flexibility, and option
4 has the maximum flexibility.

The second part of the experiment builds on the idea that a flex-
ible delivery not only reduces CO2e emissions but is also a positive
externality to supermarket operations by enabling cost cuts. To foster
such operational cost-cutting we developed a novel concept called the
“shared cart”. The concept of shared cart extends the concept that
is recognized in the literature as bundle delivery (e.g., Mancini and
Gansterer, 2021). The shared cart is then a virtual grocery cart filled
with a few different clients’ orders and is delivered home to each client.
The shared cart allows an estimated 60% CO2e reduction and needs
four average orders to be placed with the collective cart to be activated.
When the threshold is met, the shared cart will deliver the groceries
to the four consumers. If it isn’t met by the next day, the collected
groceries are delivered anyway. In this second part of the experiment,
consumers are required to choose delivery options among two choices.
One is the regular delivery (choose date and time) and the other is the
shared cart.
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For rapidly filling the collective cart, cooperation among consumers
is required to the extent that if one last order is needed for the shared
cart to be filled and delivered, the last consumer must cooperate to
renounce the choice of an individual delivery, and choose the shared
cart instead. If this consumer is cooperative and chooses the shared
cart, then the cart is filled sooner and the grocery delivery will be
done sooner as well, achieving a common benefit. This common benefit
is threefold: the delivery is prompt so that the consumer can receive
their grocery soon and the CO2e emissions are reduced so that the
environment where the consumer lives is healthier and the company
cuts delivery costs.

In particular, cooperation occurs when two conditions are met ac-
cording to the goal-expectation theory (Pruitt and Kimmel, 1977). First,
participants should have cooperative beliefs that they need to trust
interdependent persons to make cooperative decisions. We measured
this in the first part of the game through the Dictator Game. Under
the influence of the green nudge alone, we measured the willingness
of the consumer to renounce a personal need or comfort, for example
by changing schedules to adapt to a delivery time, for a public benefit,
which is environmental protection. Second, participants must have co-
operative goals, which in our case is the prompt filling of the collective
cart.

3.2. Treatments

The experiment was conducted with a between-subject design and
encompassed the manipulation of the type of incentive. The partici-
pants were all provided with the same instructions. In the first part
of the game, we designed two treatments (T1 and T2) called the
financial incentive and the green nudge. By separating the application
of a financial or green nudge incentive, the experiment aimed to
clarify controversial insights in the literature about their interplay.Each
participant was randomly assigned to only one treatment (T1 or T2),
and experienced two stages within that treatment. Both treatments are
structured into two questions, Q1 and Q2, i.e. the first and second pre-
sented question for each treatment respectively. Hence, the questions
are named Q1.T1 and Q2.T1 for T1 and Q1.T2 and Q2.T2 for T2. In
all questions, consumers were asked to choose their preferred delivery
option among the four possible ones (a, b, ¢, or d) as listed in the
left column of Tables 1 and 2. The four questions, differ only on the
basis of the information provided about the economic reward (Table 2)
or the environmental impact (Table 1) associated with each delivery
option. In fact, T1 and T2 presented such information in reversed
order. In Treatment 1 (T1), participants first faced a financial incentive
alone, and then a combination of financial incentive and nudge. In
Treatment 2 (T2), participants first faced a nudge alone, followed by the
combination of nudge and financial incentive. T1 and T2 are described
as follows.

Financial incentive (T1): in the financial incentive treatment con-
sumers were first asked to choose the preferred delivery option, while
first presented with an economic reward for each of them. The eco-
nomic reward is structured as a discount on future purchases from
the same grocery store (Rajapaksa et al., 2019) as described in Table
2. Next, participants were asked to answer the same question, while
presented, in addition to the economic reward, the environmental
impact (i.e. the CO2e emissions reduction) for each delivery option,
as described in Table 1.

Green nudge (T2): in the green nudge treatment consumers were first
asked to choose the preferred delivery option, while first presented
with the environmental impact for each of them. It is designed as a
moral nudge used in economic games for a public good. It consists
of the four delivery options being associated with their respective
CO2e emissions reduction, as described in Table 1. According to recent
studies, informing participants about climate change-related informa-
tion could improve environment-friendly choices in grocery buying
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(Kurowski et al., 2022), and asking the participants about the morally
right thing increased pro-sociality in the choice immediately after, and
in subsequent choices, even when the social context changed (Capraro
et al,, 2019; Mi et al.,, 2021). Coherently with the structure of T1,
the consumers in the green nudge treatment T2 were consequently
asked to answer the same question, while presented, in addition to
the environmental impact for each delivery option, with the discounts
associated with each option, as described in Table 2.

More details on the experimental setup are presented in Section 3.3.

3.3. Experimental procedure

At the beginning of the experiment, all the participants were in-
formed that prizes could be accumulated during the game and would
be awarded only after the completion of the experiment. The maximum
obtainable prize was €4 in the financial incentive treatment (T1) and
€2 in the green nudge treatment (T2). The maximum obtainable prize
differed across treatments: in the financial incentive treatment (T1),
both questions entailed a monetary reward, leading to a maximum
of €4, while in the green nudge treatment (T2) only one question
entailed a monetary reward, leading to a maximum of €2. When
entering the experiment, all participants were first asked to complete
a survey to gather their demographic and lifetime-flexibility data. All
invited participants were equally and randomly divided into the two
treatments (T1 and T2). At the beginning of either treatment, they were
asked a comprehension question (part 1), and only those who answered
correctly were allowed to start the game. Participants who passed the
comprehension test started the game in their assigned trance. They
were asked about their delivery choices. In treatment T1, consumers
were initially asked to select their preferred delivery option from the
four available choices, with the associated discounts (Q1.T1) on future
purchases outlined in Table 2 — right column. In the subsequent
question, consumers were presented with the same delivery options,
and the same discounts shown in Table 2, but this time, along with the
financial incentive, they were also informed about the corresponding
CO2e emissions reduction for each option (Q2.T1), as detailed in Table
1 — right column. In treatment T2, the nudge and financial incentive
were presented in the opposite order. First, participants were asked to
choose their preferred delivery option among the four available, while
presented with the CO2e emissions reduction corresponding to each of
them (Q1.T2), as shown in Table 1 — right column. Then, the same
question is asked and, along with the CO2e emission reduction shown
in Table 1, they were also informed about the discount associated with
each option (Q2.T2), as shown in Table 2 — right column. All the
questions (Q1 and Q2 in both T1 and T2) are framed as follows: “You
have chosen to shop online on Connie.it. Once you have filled your cart,
it’s time to choose your home delivery option, even if different from the
one indicated in the previous question, according to your real preferences.
Which delivery method do you choose?” Before that (Q1 and Q2), they
are asked a comprehension question (part 1), and only those who
answered correctly were allowed to start the game. After the first part
of the experiment, all participants performed the same tasks with equal
treatment. They were asked another comprehension question (part 2)
that required correct answers to continue with the game. In this second
part, participants were asked to choose between the shared cart or
individual delivery in four rounds (questions Q3a, Q3b, Q3c, and Q3d)
of the full experiment document. In each of the rounds, a different
level of cart filling is presented in a random order (levels are g, i,
%, and %, respectively, meaning that none, one, two, or three orders
are already in the cart). This is to identify the peer influence, i.e., how
the different levels of filling, corresponding to the different number
of consumers that behaved cooperatively, influenced the customer’s
decision on the delivery option. The repeated decision-making aimed
to explore how the history of cooperative peer behavior contributed
to the emergence of cooperation (Fehr and Schurtenberger, 2018). At
the end of the second part, participants were asked to fill out a survey
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Initial Survey
- demographics
- lifetime flexibility data / purchasing habits

N/

Experiment Part I
- comprehension check (part 1)
-T1or T2

T1 T2
- Q1.T1: financial incentive - Q1.T2: green nudge
- Q2.T1: green nudge -Q2.T2: financial incentive

N

Experiment Part II
- comprehension check (part 2)
- Q3a: shared cart
- Q3b: shared cart
- Q3c: shared cart
- Q3d: shared cart

NS

Final Survey
- environmental sustainability orientation
- beliefs about others' propensity to cooperate
- attention check

Fig. 1. The experimental procedure.

gathering data about their environmental sustainability orientation and
their beliefs about others’ propensity to cooperate. In fact, in public
good provision games, the decision to cooperate depended on beliefs
about others’ propensity to cooperate or free-ride instead (Fehr and
Schurtenberger, 2018). Finally, the experiment included an attention
check (Oppenheimer et al., 2009). The full procedure is shown in Fig.
1. We would like to remark that only questions with the financial
incentive are rewarded (€2 each). Participants answered two questions:
in T1 both questions entail the financial incentive and are rewarded
(maximum €4), while in T2 only one is rewarded, as the other entails
a green incentive (non financial) (maximum €2).

4. Hypotheses

The literature reveals varying perspectives on the individual and
synergistic impacts of financial incentives and green nudges in influ-
encing consumer behavior. Studies have shown that financial incen-
tives such as discounts and rewards are potent motivators in nudging
consumers toward eco-friendly choices (Gneezy and Rustichini, 2000;
Sadiq et al., 2021). While the standalone effects of these strategies
are well-documented, their combined impact is less understood. In
other sectors, studies diverge in their findings (Fanghella et al., 2021;
Mizobuchi and Takeuchi, 2013; Yoeli et al., 2017; Benartzi et al., 2017).
This lack of clarity in the interplay of incentives forms the basis of
our Hypothesis 1. For this in practice, we expect a higher choice of
flexible delivery options when the two incentives coexist, which leads
to Hypothesis H1.

H1: Green nudges and financial incentives synergically push consumers
toward green grocery delivery.

Further, our research explores the dominance, if any, between green
nudges and financial incentives. The concept of green nudges, intro-
duced by Thaler and Sustein (2008), suggests a subtle and sophisticated
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approach. Experimental evidence within the grocery sector demon-
strates that nudges, particularly those that frame delivery choices effec-
tively, can lead consumers to opt for greener options (Sadiq et al., 2021;
Kurowski et al., 2022; Agatz et al., 2021). This evidence suggests that
while financial incentives are potent motivators, green nudges might
have a more profound impact on steering consumers toward green
grocery buying, with nudges being less costly and having a longer-
lasting effect than financial ones (Agatz et al., 2021). Their compared
effectiveness is less understood (Benartzi et al., 2017; Yoeli et al., 2017)
and controversial (Otaki et al., 2024; Buckley and Llerena, 2022).

Hypothesis 1a examines whether the presence of a green nudge
could enhance the effectiveness of financial incentives. Since the in-
vestment in the two incentives are very different in terms of perdurance
(financial incentives require a continuous investment, while the green
nudge does not), this aspect is crucial for investigation. The hypothesis
suggests that a green nudge enhances the effectiveness of financial
incentives by providing a contextual framework that aligns extrinsic
rewards (financial incentives) with intrinsic values (sustainability). This
relationship is particularly evident among consumers who are less
intrinsically motivated by sustainability. For these consumers, financial
incentives alone may not be sufficient to encourage sustainable behav-
ior, as they lack an emotional or moral dimension. However, when
paired with a green nudge, financial incentives gain additional persua-
sive power, making sustainable choices more appealing. The rationale
is that nudges could prime consumers to value sustainability more,
thereby making financial incentives more appealing if they are offered
along with a nudge than alone. In practice, we expect a higher choice
of flexible delivery options for those individuals who have been first
offered the financial incentive, followed by the green nudge (Q2.T1)
than the financial incentive alone (Q1.T1), which leads to Hypothesis
Hla.

Hla: the presence of a green nudge reinforces the effectiveness of
financial incentives.

Evidence suggests that green nudges might have a more profound
impact on steering consumers toward green grocery buying than fi-
nancial incentives (Agatz et al.,, 2021) because they are inherently
more motivating for consumers. As such, there is the possibility that
financial incentives might not reinforce the power of green nudges.
This suggests that the impact of a green nudge is already strong
enough to drive consumer behavior, and adding a financial incentive
does not significantly enhance this effect. Green nudges create moral
resonance: they effectively connect consumer behavior with broader
moral or ethical goals such as sustainability. Financial incentives, by
contrast, appeal to short-term cost—benefit calculations. This hypothesis
is further informed by the limited evidence on the synergistic effects
of combining these approaches (Fanghella et al., 2021; Mizobuchi and
Takeuchi, 2013; Phipps et al., 2015) and on the logic that moral (green
in our case) incentives dominate financial ones in the sustainability
domain. In practice, we expect that the choice of flexible delivery
options, if stimulated by nudging first, cannot be further strengthened
by adding a financial incentive. Therefore, we do not expect a higher
choice of flexible delivery options for those individuals who have been
offered a financial incentive after the green nudge (Q2.T2) as compared
to the flexibility choice under the influence of the green nudge alone
(Q1.T2), which leads to our Hypothesis H1b.

H1b: the financial incentives do not reinforce the power of green nudge,
the green nudge being more motivating than the financial incentives.

Additionally, this study delves into the social dynamics of consumer
behavior, an aspect not extensively covered in existing literature. The
sustainable behavior of other consumers, particularly in the context of
the choice of environmentally sustainable delivery options, could have
a significant peer influence on individual consumer decisions (Capraro
et al., 2019). This observation leads to the formulation of Hypothesis
2.

H2: consumers will be influenced by the sustainable behavior of other
consumers, opting for the shared cart under increasing levels of peer influ-
ence.

International Journal of Production Economics 291 (2026) 109855

Hypothesis H2 is further nuanced by examining the first part of
the game responses under the influence of financial incentives, green
nudges, and both. While both environmental awareness and social
pressure are critical drivers of sustainable behavior, our hypothesis
investigates whether individuals are more likely to be influenced by
intrinsic values, such as concern for the environment (H2a), financial
remuneration (H2c), or by external social expectations and norms (H2b
and H2d).

Hypothesis 2a posits that consumers who are initially motivated
by a green nudge — meaning they respond positively to an environ-
mentally friendly prompt or incentive during the first part of the game
(in both T1 and T2) — demonstrate a strong intrinsic commitment to
sustainable behavior. As a result, their decision-making is independent
of external social factors such as the sustainable actions of other
consumers. Their sustainable behavior is indifferent to peer influence,
as they would opt for green delivery regardless of whether others
are participating in the shared-cart system. This highlights that the
green nudge effectively targets the internal motivations of these con-
sumers (Kurowski et al., 2022), making their behavior less dependent
on external factors like social pressure. We define these consumers
as “green-sensitive”. In practice, we expect these consumers to con-
sistently choose the green delivery option, regardless of the shared
cart’s filling level (i.e., how many other consumers have also opted for
sustainable choices). This leads to Hypothesis H2a.

H2a: green-sensitive consumers will not be influenced by the sustainable
behavior of other consumers and will anyway opt for the shared cart.

In contrast, Hypothesis 2b suggests that consumers who do not
initially respond positively to the green nudge, meaning they are not di-
rectly motivated by the environmental message or incentive during the
first part of the game (in both T1 and T2), are generally less sensitive
to sustainability issues. We define these consumers as ‘‘green insensi-
tive”. We posit that their decision-making might be influenced by the
behavior of their peers or the collective actions of other consumers
instead. In this context, these consumers are more socially driven than
intrinsically motivated. If they observe the other participants making
sustainable choices (e.g., contributing to the fulfillment of a shared cart
for green delivery), they are more likely to follow suit, even though
sustainability itself may not be their primary concern. This behavior
indicates that peer influence or social norms play a significant role
in shaping their delivery decisions. The rationale is that the behavior
of others is a stronger incentive than the green nudge: the neighbors’
willingness to commit to a common good (such as the environment)
acts as a moral persuasion tool (Sadiq et al., 2021). Essentially, while
the green nudge alone does not change their behavior, the visible
actions of others act as a social signal or behavioral cue that nudges
them toward choosing a sustainable delivery option. This highlights
the importance of leveraging social dynamics and collective behavior
to encourage sustainability among individuals who are less intrinsically
motivated by environmental considerations. In practice, we expect the
selection of a shared cart option with varying levels of cart filling by the
consumers that responded positively to the green nudge (select flexible
delivery in Q1.T2 or change for a more flexible delivery in Q2.T1 if
compared with the Q1.T1’s answer) as we put forward in Hla. To the
contrary, for the consumers who did not respond positively to the green
nudge (do not opt for more flexible delivery moving from Q1.T1 to
Q2.T1 or do not show any flexibility in the delivery in Q2.T1), we
expect a growing participation in the shared cart as the level of cart
filling grows. This leads to Hypothesis H1b.

H2b: green-insensitive consumers will be influenced by the sustain-
able behavior of other consumers, and will opt for the shared cart under
increasing levels of peer influence.

It is to be specified that the shared cart embeds a financial incentive.
The shared cart grocery delivery is free, whereas the conventional de-
livery, for which the consumer can choose its exact time and day, comes
at a regular fee of €3. Therefore, to appreciate the influence of the
financial incentive in the decision of the shared cart delivery option, we
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test how consumers who reacted positively to the financial incentives
in the first part of the game, react to the sustainable behavior of other
consumers. In essence, we test whether those consumers who chose
the flexible delivery option with increasing cart levels under increasing
financial incentives in both T1 and T2, will adhere more to the shared
cart, for increasing levels of shared cart filling by other consumers. We
define these consumers as “financially sensitive”. The rationale is that
these consumers are intrinsically motivated by financial incentives and
are insensitive to other incentives when their financial need is already
met, which leads to Hypothesis Hlc. In practice, we expect these
financially sensitive consumers not to be influenced by peer behavior.

H2c: financially sensitive consumers will not be influenced by the sus-
tainable behavior of other consumers and will anyway opt for the shared
cart.

In contrast, we test how consumers who did not react to the finan-
cial incentives in the first part of the game, react to the sustainable
behavior of other consumers. In essence, we test whether those con-
sumers who did not choose increasing flexible delivery option under
financial incentives in both T1 and T2, adhere more to the shared
cart, for increasing levels of shared cart filling by other consumers. We
define these consumers as “financially insensitive”. The rationale is that
these consumers are not intrinsically motivated by financial incentives
and, therefore, their joining the shared cart is based on other-than-
financial reasons, due to their sensitivity to peer sustainable behavior.
In practice, we expect these financially sensitive consumers to indeed
be influenced by the behavior of peers. This leads to Hypothesis H2d.

H2d: financially insensitive consumers will be influenced by the sustain-
able behavior of other consumers, opting for the shared cart under increasing
levels of peer influence.

5. Empirical results and analysis

The analysis of the experiment (for both the first and second part
of the game) was conducted in two steps. First, a frequency analysis,
and second an econometric analysis. The frequency analysis represents
an initial step to identify patterns and trends, while the regression
model provides a more robust and controlled analysis to test the
hypotheses. The frequency analysis provides a preliminary analysis
(percentage-based insights), which is helpful in explaining the rationale
and highlighting key findings. Its results are described as follows. Fig. 2
reports the choices made by participants in Q1 and Q2 for all treatments
(Fig. 2a), T1 treatment only (Fig. 2b), and T2 Treatment only (Fig. 2c).
In particular, the percentages represent the ratio of total participants
choosing delivery options characterized by low, medium, or high levels
of flexibility. Such options are reported in Tables 1 and 2. Option 1 has
low flexibility, options 2 and 3 have medium flexibility, and option 4
has high flexibility.

While percentage-based analyses provide visually intuitive and use-
ful preliminary insights, they are inherently limited in their capacity to
control for confounding factors. The use of statistical analysis mitigates
this limitation by offering a more rigorous evaluation of the hypotheses.
The econometric analysis corroborates the previous analysis by pro-
viding consumer behavior variance-based evidence and gives statistical
validation to the preliminary analysis. For statistical analysis, an econo-
metric model has been applied to the three hypotheses, H1, Hla, and
H1b, using an ologit regression.

The econometric model shown in Eq. (1) is an ologit regression,
which is often employed by similar experiment-based studies using
ordinal categorical outcome variables (Fiorillo and Sapio, 2019). Eq.
(1) includes delta flex and delta_4options as outcome variables. Both are
ordinal categorical. While delta flex represents the absolute change in
flexibility between demand Q1 and demand Q2, based on three levels
of flexibility: Level 1 (option 1 in Table 1), level 2 (options 2 and 3 in
Table 1), and level 3 (option 4 in Table 1), delta 4options measures the
same change using four levels of flexibility instead: Level 1 (option 1 in
Table 1), level 2 (option 2 in Table 1), level 3 (option 3 in Table 1), and
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Table 3
Panel ologit regression results on full sample T1 and T2, using as dependent
variable the three levels (low, medium, and high) scale (t statistics in paren-
theses. Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001).

(delta_flex)

(delta_4options )

Main
Q2 0.488* 0.454*
2.36 2.28
Cut-points
cutl —-0.851 —2.116%*
(-1.45) (-3.02)
cut2 2.935%%* —-0.836
(4.31) (-1.46)
cut3 5.453%** 2.833%**
(5.55) (4.32)
cut4 3.348%**
(4.93)
cuts 5.343%**
(5.67)
Sample size
N 110 110

level 4 (option 4 in Table 1). Regarding delta flex, delta_ 4options consid-
ers choosing the delivery date more flexible than choosing the delivery
time, rather than equally flexible. Q1 and Q2 are two independent
dummy variables to account for the question the participant is respond-
ing to (either Q1 or Q2). Finally, the model includes control variables
age, gender, and level of education as in Rajapaksa et al. (2019),
job_type (removed from the model for high correlation), job_flex to
account for the level of job/time flexibility, purch_freq to account for the
participant’s online purchasing habits, online purch freq to account for
the participant’s grocery online purchase habits, the participant’s aver-
age grocery purchase amount (purch avg am), the participant’s trust in
other’s cooperative behavior measured as the average of five questions
(trust avg), and the participant’s environmental orientation measured as
the average of questions (eco_avg) extracted from Sadiq et al. (2021).
The estimation is performed through an ologit regression.

log(p(flex > j)/p(flex < j)) = 6; — pQ — pyage — psgender

— pyeducation — Psjob_flex o
— Pepurch_freq — p,online_purch_freq — fgpurch_avg_am

— foeco_avg — f_Otrust_avg

The investigation of the efficacy of the interplay between financial
incentives and green nudges on consumer delivery option choices has
yielded notable results. The experiment’s sequential treatment design
has allowed us to parse out the distinct and combined effects of these
two types of interventions. Hypothesis H1 posited that the combina-
tion of green nudges and financial incentives, in no specific order
of implementation, act synergically in encouraging consumers toward
flexible and then green grocery delivery options. As demonstrated in
the frequency analysis (Fig. 2a), the percentage of consumers choosing
delivery options with low levels of flexibility decreased from 24% to
12%, and consumers choosing delivery options with medium levels of
flexibility increased from 41% to 57% from Q1 to Q2, i.e., after the
green nudge is added to the financial incentive (T1) or vice versa (T2).
However, it is worth noting that the percentage of consumers opting for
high flexibility decreased from 35% in Q1 to 31% Q2. We reason that
this effect might be mainly attributable to the distinct behaviors of T1
and T2 participants, and we further unfold this phenomenon in the Hla
and H1b discussion. All things considered, H1, based on this analysis,
is confirmed because of the systematic increase of environmentally
friendly consumer choices for the combination of financial incentives
and nudges in both consequent orders.

The synergic effect of nudges and financial incentives on consumers’
flexible choices is further confirmed by the regression analysis results.
In Table 3, the coefficients for the dependent variables are 0.488 for
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T1 + T2 responses
application of financial incentive and green nudge
(in no specific order)
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Fig. 2. Percentage of participants who chose low, medium, or high flexibility level, in question Q1 and question Q2 in both treatments T1 and T2 (a), in treatment

T1 (b), and in treatment T2 (c).

delta_flex and 0.454 for delta 4options, both of which are statistically
significant (p-value < 0.05). These coefficients are measured concerning
question Q2 (both Q2.T1 and Q2.T2), which corresponds to asking
consumers to choose the delivery method after having received both
the nudge and the financial incentive in no specific order. From these
coefficients, the odds ratios are calculated using the formula Odds ratio
= 9488 ~ 1.629 and Odds ratio = ¢**5* ~ 1.575. Hence, for delta_flex,
an increase in the predictive variable (in this case, the application of
Q2, is associated with a 62.9% higher likelihood of an increase in the
participant’s flexibility). Similarly, for delta 4options, the application
of Q2 is associated with a 57.5% higher likelihood of an increase
in the participant’s flexibility. Hence, when the participant is subject
to both financial incentives and green nudges, the odds of choosing
the more flexible delivery options increase by 63% or 57%. Thus H1
is confirmed, as the combination of moral and financial motivators
appears to have a compounded effect potentially, by increasing the
percentage of consumers who choose more flexible and sustainable
delivery options. This finding is particularly relevant because it adds
to the recent discussions about the non-synergistic effect of the two
instruments, financial and nudge (Fanghella et al., 2021).

Hypothesis Hla proposed that the presence of a green nudge rein-
forced the effectiveness of financial incentives. This relationship was

preliminarily demonstrated in the frequency analysis through the leap
in medium flexibility choices from 37% in Q1.T1 (financial incentive
alone) to 51% in Q2.T1 (financial incentive combined with green
nudge; Fig. 2b). However, the percentage of consumers opting for a
high level of flexibility remained constant from Q1.T1 to Q2.T1. This
outcome could be attributed to certain constraints that limit some
consumers to a medium level of flexibility, preventing them from
adopting a higher flexibility level. For example, fixed working hours or
predetermined work schedules may render it impractical for individuals
to be available for grocery deliveries. To summarize, since the addition
of green nudges to financial incentives augments the overall flexibility
levels, the frequency analysis confirms Hla.

We further validated the frequency analysis results through sta-
tistical analysis. The regression analysis in Table 4 under column
T1, while having low significance, further confirms the synergistic
effect proposed in hypothesis Hla. The size of the sample was 48
participants. When considering delta flex as the dependent variable, the
coefficient of 0.531 corresponded to an odds ratio of approximately
1.701, indicating that the application of the nudge after the incentive
increased the likelihood of participants increasing their flexibility by
70% (as shown in Table 4). When considering the alternative dependent
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variable delta 4options, the coefficient was 0.451, corresponding to an
odds ratio of approximately 1.570. Thus, under this measure, the nudge
after the financial incentive increased the likelihood of participants
increasing their flexibility by 57%. Cut point coefficients are significant,
demonstrating the appropriateness of the model and the reliability of
the positive statistical relationship between Q2 (i.e., the addition of a
green nudge to the financial incentive) and the increase in participants’
flexible delivery choices.

These results suggest a synergistic relationship where the green
nudge can augment the impact of the financial incentive, offering a
more nuanced understanding of consumer behavior in delivery choices
in the context of environmental sustainability. These findings highlight
the potential for integrating economic and moral considerations in
promoting pro-environmental consumer behaviors. At the same time,
the dominance of green nudges and their higher persistence pose the
urgency of an economic assessment from a longer perspective (Mi et al.,
2021). Hypothesis H1b considered the possibility that green nudges are
more effective than financial incentives and that financial incentives
do not reinforce the power of green nudges. The evidence supports
this hypothesis. While green nudges seem to motivate more toward a
sustainable behavior, the frequency analysis in Fig. 2c suggests that
financial incentives may weaken the influence of green nudges, as
demonstrated by the lower proportion of consumers selecting highly
flexible delivery options when both incentives are applied in Q2.T2
regarding Q1.T2. While the green nudge alone encouraged a shift to-
ward more flexible delivery options, evidenced by 35% of participants
choosing the high flexibility option in Q1.T2, the addition of financial
incentives seemed to divert this effect, as seen in the decrease to 28%
in Q2.T2 (Fig. 2c). This suggests that green nudges are effective, but
their impact is fostered when added with financial incentives only for
medium flexibility levels, and that financial incentives may divert the
effect of green nudges for high levels of flexibility. To summarize, the
findings indicate that introducing a financial incentive in conjunction
with a green nudge may not increase consumer flexibility as already
observed in T1. Furthermore, in T2, adding a financial incentive to a
green nudge may decrease high flexibility levels. We reason that this
decrease in high flexibility could be due to overstimulation as argued
in previous studies (Fanghella et al., 2021).

We performed the regression analysis to further validate our fre-
quency analysis results for Hl1b. The regression analysis in Table 4
under column T2, while it has low significance, further confirmed the
weaker synergistic effect of adding financial incentives to green nudges
proposed in hypothesis H1b. The sample size was 62 participants. The
coefficient was 0.450 for delta flex, which corresponds to an odds ratio
of approximately 1.568, showing that applying the nudge after the in-
centive increased the likelihood of participants opting for more flexible
options by 56%. For the alternative dependent variable delta 4options,
the coefficient was 0.462, which translates to an odds ratio of approx-
imately 1.587. This indicates a 58.7% increase in the likelihood of
participants increasing their flexibility due to the financial incentive
applied after the green nudge. In addition, cut point coefficients are
significant in this case, demonstrating the appropriateness of the model
and the reliability of the statistical relationship between Q2 (i.e., the
addition of the financial incentive to the green nudge) and the increase
in participants’ flexible delivery choices. To summarize, by confirming
that adding a financial incentive to a green nudge increased the odds of
consumers choosing a more flexible option compared to adding a green
nudge to the financial incentive, this analysis partially supports H1b.
When comparing the regression analysis results of Hla and H1b (Fig.
2b and ¢, and Table 4 columns T1 and T2), we can see how the shift to
more sustainable delivery choices is more prominent in T1 participants.
The expected likelihood of an increase in flexibility is 70% in T1, while
it is 56% in T2.

To summarize, the increase in medium flexibility choices and the
decrease in low flexibility choices in both T1 and T2, though modest,
still point toward the effectiveness of financial incentives combined
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Table 4

The ologit regression results for T1 and T2 separate sub-samples, using as
dependent variable both 4 (see Table 2) and 3 levels (low, medium, and high)
scale. (t statistics in parentheses. Significance levels: *p < 0.05, **p < 0.01,
*** p < 0.001).

(T1) (TD) (T2) (T2)
delta_flex delta_4options delta_flex delta_4options
Main
Q2 0.531 0.451 0.45 0.462
(-1.91) (-1.73) (-1.45) (-1.5)
Cut-points
cutl -0.671 —2.035* -1.027 -2.178*
(-0.88) (-2.16) (-1.14) (-2.07)
cut2 2.713%* —-0.66 3.123%* —-0.995
(-3.03) (-0.90) (-3.03) (-1.12)
cut3 5.424%** 2.486** 5.472%** 3.153%*
(-4.07) (-2.95) (-3.91) (-3.09)
cut4 3.457%** 3.291**
(-3.77) (-3.2)
cut5 5.169%** 5.509%**
(—4.02) (-3.95)
Sample size
N 48 48 62 62

with green nudges. However, it suggests that green nudges alone
already significantly promoted high flexibility choices and that the fi-
nancial incentive might cannibalize the positive effect of green nudges.
Hence, while both financial incentives and green nudges individually
promote sustainable choices, their combination could be more po-
tent, and some combinations such as adding a nudge after a financial
incentive can be more effective than the opposite sequence.

Hypothesis H2 proposes that the sustainable behavior of other
consumers encourages an individual consumer to behave similarly. Its
framework is represented in Fig. 3.

The data from the “shared cart” option strongly supports this hy-
pothesis. As the level of cart filling increased, so did the percentage of
consumers who chose the shared cart option. This trend was observed
across both T1 and T2 conditions, with the highest levels of shared cart
selection correlating with the highest levels of cart filling (% levels of
filling yielded 90% for T1 and 96% for T2). Fig. 4 reports the percent-
age of consumers opting for the shared cart and individual delivery
for any of the four given levels of cart filling. The results suggest a
clear pattern of peer influence, where consumers are more inclined
to choose a sustainable delivery option (the shared cart) when they
perceive others also making similar sustainable choices. This behavior
aligns well with social proof and conformity theories, where individuals
tend to follow the majority, especially when they are unsure of the
correct behavior.

log(p/1 — p) = Py + P, fill_level + Prage + Pygender + fyeducation
+ fsjob_flex
+ fepurch_freq + p,online_purch_freq + fgeco_avg

(2)

+ Potrust_avg

The panel ologit regression results, reported in Table 5, confirm the
H2 hypothesis by reporting an increase in the log-odds of choosing the
shared cart by 0.581 points, equivalent to an odds ratio of 1.79. An
increase in the odds of choosing the shared cart for increasing filling
levels is 79% with a highly significant (p-value = 0.000) increase in
the likelihood of choosing the shared cart over the individual delivery.
In addition, trust avg is positive and significant, indicating that higher
levels of trust in others’ cooperative behavior led to higher shared
cart choice (the cooperative choice). Finally, age is weakly significant
indicating that older consumers are less prone to opt for the shared cart
option.

H2 is further explored by considering the sub-groups of consumers,
categorized according to their reactions to financial incentives and
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Peers' cooperative behavior

All consumers (H2)

Consumer type:

Shared cart

- green insensitive (H2a)

- green insensitive (H2b)

- financial sensitive (H2c)
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VS.
Individual delivery

- age
- gender

- job type

- education

- grocery purchase frequency

- online purchase frequency

- purchase average amount

- trust in cooperative behaviour
- environmental awareness

Fig. 3. Framework H2, H2a, H2b, H2c, H2d.

Percentage of all consumers opting for the Shared Cart for
increasing filling levels (H2)
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Fig. 4. H2 responses as a percentage of consumers opting for the shared cart.

green nudges. The subgroups of respondents considered in H2a, H2b,
H2c, and H2d are represented in Table 6. The subgroups are built
based on the individual consumer’s responses given in Part 1 of the
experiment for both T1 and T2. Options are reported in Tables 1 and
2, and option 1 has low flexibility (L), options 2 and 3 have medium
flexibility (M), and option 4 has high flexibility (H). For example,
the green-sensitive consumer subgroup comprises consumers who have
been subject to T1 and chose a low flexibility option in T1.Q1, followed
by either a medium or high flexibility option in Q2.T2, or a medium
flexibility option in Q1.T1 and then a high flexibility option in Q2.T1,
for those subject to T1. It also comprises consumers subject to T2 who
chose a medium or high flexibility option in Q1.T2, followed by a
low, medium, or high flexibility option in Q2.T2. Figs. 5a—d report
the percentage of consumers opting for the shared cart and individual
delivery for any of the four given levels of cart filling, for each of the
consumer’s subsamples — green-sensitive, green insensitive, financially
sensitive, and financially insensitive — to test H2a, H2b, H2c, and H2d,
respectively. Table 7 reports the logit regression results.

10

Hypothesis H2a suggests that consumers who initially responded
positively to a green nudge, which we categorize as “green-sensitive”,
will not be influenced by the sustainable behavior of their peers because
they are already intrinsically motivated toward sustainable behavior
(see Table 6). Fig. 5a reports the choices of the green-sensitive con-
sumers. The high percentage of consumers opting for the shared cart
even at lower levels of cart filling (68% at g level for the green nudge),
compared to the 53% of the financially sensitive respondents choosing
the shared cart at filling level of 0, and 63% of the financially insen-
sitive respondents, might suggest that these consumers are indeed less
influenced by the behavior of others and more by their own sustainable
values. However, the results of the econometric analysis, which are
based on the ologit estimation, confirm the H2a hypothesis by reporting
a 90% (p-value = 0.000) increase in the adoption of the shared cart for
every unit of increasing filling of the shared cart for the green-sensitive
consumers. Thus, Hla is rejected because green-sensitive consumers
also responded positively to peers’ cooperative behavior.
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Table 5

The ologit regression results use a dependent binary variable (1) for choosing
the shared cart and 0 for choosing individual delivery. (*t statistics in paren-
theses. Significance levels: *p < 0.05, ** p < 0.01, *** p < 0.001).

Variable Coefficient p-value
Shared cart

Full level 0.581*** 0.0001
Demographics

Age —-0.0159+ 0.085
Education 0.0377 0.872
Job flexibility 0.00874 0.934
Purchasing

Purchase frequency 0.0457 0.751
Online purchase frequency —-0.166 0.15
Purchase Avg amount —0.0961 0.47
Environmental factors

Eco Avg 0.0403 0.778
Trust

Trust Avg 0.270%* 0.002
Model Info

Cutl 0.245 0.841
Observations

N 440

Hypothesis H2b posits that consumers who do not initially re-
spond positively to the green nudge, which we categorize as “green-
insensitive”, will be influenced by peer behavior (see Table 6). Hypoth-
esis H2b is not supported by the results, as they show the same increase
in the percentage of consumers choosing the shared cart with increasing
levels of cart filling as in the case of H2a with green-sensitive con-
sumers. The econometric analysis, conducted similarly to H2a, shows
a 62% (p-value = 0.000) increase in the shared cart adoption by con-
sumers for each increase in cart filling. This result indicates that even
those who showed a mild inclination toward sustainability in the first
part of the experiment, are swayed by observing the choices of their
peers for high levels of cart filling, demonstrating the impact of social
dynamics on consumer behavior. Thus, H2b is not rejected. Hypothesis
H2c states that consumers who initially respond positively to a financial
incentive, which we categorize as “financially sensitive”, will not be
influenced by the sustainable behavior of the peer consumers because
they are already intrinsically motivated by their financial needs (see
Table 6). The increasing percentage of consumers opting for the shared
cart even for increasing levels of cart filling (from 53% at g level to 93%
at % level), might suggest that these consumers are indeed influenced
by the behavior of others more than by their own sustainable values,
and that we should reject H2c. The econometric analysis shows an 85%
increase in shared cart choice for every unit of cart filling increase
(p-value = 0.000). Therefore, H2c is rejected.

Finally, Hypothesis H2d states that consumers who initially do not
respond positively to a financial incentive, which we categorize as
“financially insensitive”, will be influenced by the sustainable behavior
of other consumers because they do not have the intrinsic motivation
to financial savings and might imitate the choices of others when their
decisions impact others (see Table 6). The increasing percentage of
consumers opting for the shared cart for increasing levels of cart filling
(from 63% at 04 to 99% at the % level) might suggest that these
consumers are indeed influenced by peers’ behavior. The econometric
analysis shows a 62% increase in shared cart choice for every unit of
cart filling increase (p-value = 0.000). Therefore, H2d is confirmed.

In essence, irrespective of the consumer sensitivity to environmental
protection or financial rewards, they are all influenced by their peer
behavior when making a grocery delivery choice, acknowledging that
the shared cart is substantially more eco-friendly than individual be-
havior. The influence appears to vary based on the consumer’s initial
response to sustainability and financial cues. Green-sensitive and finan-
cially sensitive consumers, who prioritize environmental sustainability
or financial considerations respectively, are influenced the most by
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Table 6

Composition of the subgroups of consumers for H2a, H2b,
H2c, and H2d, based on the participants’ responses given
in Part 1 of the experiment for both T1- and T2-based low
(L), medium (M), and high (H) flexibility choices made.
Options are reported in Tables 1 and 2, and option 1 has
low flexibility, options 2 and 3 have medium flexibility,
and option 4 has the maximum flexibility.

H2a - green sensitive consumers

Ql Q2
L MorH

L | M H

T | M LorMor H
H LorMorH

H2b - green insensitive consumers

Q1 Q2
L L

T1 M LorM
H LorM

T2 L LorMor H

H2c - financial sensitive consumers

Q1 Q2
- | L LorMorH
M LorMorH
L Mor H
% | M H

H2d - financial insensitive consumers

a1 Q2
1| L LorMor H
L L
T2 M LorM
H LorM

peer behavior (fill level), with p coefficients of +90% and +85%. This
indicates that consumers with strong initial preferences in these areas
are particularly susceptible to the actions and choices of their peers. In
contrast, green-insensitive and financially-insensitive consumers, who
exhibit less concern for environmental or financial factors, are less
influenced by peer behavior, as shown by their lower g coefficients
of +61% and +61%. When controlling for consumer trust in others’
cooperative behavior (trust avg), results indicate a positive and sig-
nificant influence on financially insensitive consumers more than any
other category. This may imply that individuals who are less finan-
cially motivated and have higher levels of trust in others’ cooperative
behavior are strongly pushed by peer influence toward sustainable
choices. Interestingly, trust avg does not appear to influence green-
sensitive consumers, suggesting that their behavior may be guided more
by intrinsic environmental values than trust considerations.

Age emerges as an important factor, negatively influencing shared
cart choices among green- and financially insensitive consumers. This
finding suggests that older individuals in these categories may be less
inclined to adopt shared or cooperative purchasing behaviors. One
possible explanation is that older green- and financially insensitive
consumers might exhibit stronger resistance to change or skepticism
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Table 7
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The logit regression results to test H2a, H2b, H2c, and H2d, using shared cart as

dependent dummy variable.

H2a H2b H2c H2d
Sharedcart
fill_level 0.900™ 0.629™ 0.855™ 0.623™
(0.204) (0.176) (0.192) (0.175)
age -0.00518  -0.0282* -0.00535  -0.0457°
(0.0196) (0.0153) (0.0156) (0.0177)
gender -0.210 0.693* 0.295 -0.192
(0.434) (0.406) (0.521) (0.437)
education -0.259 -0.111 0.00608 -0417
(0.523) (0.432) (0.422) (0.517)
Job_flexibility 0.00402 0.0403 -0.329 0.215
(0.223) (0.187) (0.214) (0.202)
purch_freq 0.264 0.102 0.463" -0.0794
(0.317) (0.218) (0.230) (0.267)
online_purch_freq 0.166 -0.303 -0.107 -0.141
(0.223) (0.194) (0.223) (0.184)
purch_avg_am  0.0770 -0.396" -0.174 -0.280
(0.249) (0.215) (0.249) (0.238)
eco_avg 0.719™ -0.749" 0.276 -0.347
(0.217) (0.295) (0.280) (0.269)
trust_avg 0.141 0.302° 0.325" 1.015™
(0.221) (0.145) (0.152) (0.206)
_cons -3.139 3.700 -3.192 1.001
-2.125 -2.758 -2.562 -2.078
N 236 160 168 208

Standard errors in parentheses * p < 0.10, *p < 0.05, “ p < 0.01, ™ p < 0.001

toward newer and shared systems, stemming from ingrained habits
or traditional purchasing preferences. Additionally, older individuals
might perceive shared purchasing as more effortful or less trustworthy
compared to their established shopping routines. Gender shows a slight,
positive significance only for green-insensitive consumers, indicating
that green-insensitive women are more likely to opt for the shared cart.
This could reflect a greater tendency among women in this subgroup
to value convenience, community-oriented solutions, or cost-sharing
benefits compared to their male counterparts. Women might also be
more open to exploring non-environmental reasons for cooperative
behaviors such as social engagement or practical advantages. The
variable purch avg am, which represents the average amount spent on
groceries, is slightly significant and has a negative effect only for green-
insensitive consumers. This suggests that green-insensitive consumers
who typically spend more on groceries are less inclined to choose
the shared cart. One explanation could be that higher-spending in-
dividuals in this category prioritize immediacy over cost savings or
shared benefits. These consumers may be unwilling to wait for shared
cart arrangements to finalize and are indifferent to incentives like
free delivery. Conversely, purch freq, representing purchase frequency,
positively influences financially-sensitive consumers. This suggests that
individuals motivated by financial considerations are more likely to
purchase frequently. For this group, the potential savings of even small
amounts such as € 2 may carry significant weight due to their frequent
shopping habits. Over time, these cumulative savings can add up, mak-
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ing the shared cart option particularly appealing as a cost-optimization
strategy. Surprisingly, job flexibility, online purchase frequency, and
education do not significantly affect any of the consumer subgroups.
This lack of significance might indicate that shared cart adoption is
driven more by intrinsic consumer preferences and specific behavioral
patterns than broader lifestyle or socioeconomic factors. It could also
reflect a threshold effect where these variables only matter under
certain conditions not captured in this analysis.

Finally, the variable eco_avg, which represents the average level
of ecological awareness or attitudes, has a dual effect. It positively
influences green-sensitive consumers, encouraging cooperative green
behavior, while negatively influencing green-insensitive consumers, po-
tentially reinforcing their resistance to environmentally friendly prac-
tices. This divergence highlights the polarizing impact of ecological
attitudes on consumer decision-making. These intriguing and nuanced
results lay the foundation for a deeper understanding of green con-
sumer behavior concerning their behavioral profiles. Furthermore, they
provide a valuable opportunity to leverage this information to signif-
icantly enhance the delivery efficiency of supermarkets and reduce
their environmental impact. By aligning marketing strategies with these
behavioral insights, businesses can better cater to diverse consumer
profiles while promoting sustainability.

Our findings, hypotheses, and related equations/framework re-
ported in Table 8 offer a global view of our study and results.
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Fig. 5. Responses to shared cart delivery choices for H2a, H2b, H2c, and H2d.

6. The benefit of nudges: An optimization-based approach

We present two analyses to assess the benefits of nudges in last-
mile deliveries. First, we assess the impact of the customers’ flexibility
on the total cost for the company. The second part assesses the shared

cart concept.
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6.1. Impact of customers’ flexibility

In this analysis, we use the output of the previously described
behavioral experiments to determine the percentage of customers being
(i) not flexible; (ii) flexible on the day of delivery but not on the time of
delivery; (iii) flexible on the time but not on the day; and (iv) flexible
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Table 8
An overview of the hypotheses with their description, related elements (framework and equations), and results.
Further
explanation Confirmation (Y/N) and
Hypothesis Definition (framework, evidence (frequency,
equation, statistical analysis)
subgroups)
Green nudges and financial incentives : Y - Figure 2a (frequency
H1 synergically push consumers towards lilq'lg]t;](::nzl. Table analysis), Table 3
green grocery delivery. » (statistical analysis)
The presence of a green nudge N s
Hla reinforces the effectiveness of li:q¥§t};1](;n21. JabE ;{nall:lglsr)e 2D ({requenicy
financial incentives. : Y
Financial incentives do not reinforce
Hib the power of green nudge, being the Equation 1 Table Y - Figure 2c (frequency
green nudge being more motivating 1, Table 2 analysis)
than financial incentives.
Consumers will be influenced by the <
. X Y - Figure 4 (frequency
sustainable behavior of other N <
H2 consumers, opting for the shared cart Elggs 03;1 2 (aSIizlt}i’SS:iSC;ilinm;IS);;able S
under increasing levels of peer q results) Y
influence.
influenced by the sustainable - FIEue 3, N - Figure 52 (frequency
H2a behavior of other consumers, opting gquanon 2, Table ?nglgsszisc)éir::ﬁ ’Zis)
anyway for the shared cart. ¥
Green insensitive consumers will be
influenced by the sustainable Figure 3, Y - Figure 5b (frequency
H2b behavior of other consumers, opting Equation 2, Table analysis), Table 7
for the shared cart under increasing 6 (statistical analysis)
levels of peer influence.
Finfmcial sensitive consumers willnot gure 3, N - Figure Sc¢ (frequency
H2c be influenced by the sustainable Equation 2, Table analysis), Table 7
behavior of other consumers, opting 6 ’ (statisticél analysis)
anyway for the shared cart. Y
Financial insensitive consumers will
be influenced by the sustainable Figure 3, Y - Figure 5d (frequency
H2d behavior of other consumers, opting analysis), Table 7

for the shared cart under increasing
levels of peer influence.

Equation 2, Table
6

(statistical analysis)

on both. Customers who choose options (ii) and (iii) will receive €1,
while those who select option (iv) will receive € 2. To generate realistic
instances, we use the data collected from the experiment described in
Section 3 to derive a distribution of customer flexibility (on delivery
day, delivery time, and both) per age group (18-30, 31-45, 45-65,
+65). We cross-reference this data with the population distribution per
age group for the districts in Turin, Italy, to compute the probability
that a customer with a given flexibility preference could be located in
a given district. Then, we designed an ad-hoc generator which creates
instances base on these probabilities. This integrates the two method-
ologies by exploiting information extracted from the survey conducted
in order to create realistic instances and simulate customers’ behavior,
to make the optimization experiments results more significant.

We suppose that the store is located slightly south of the city
and that customers are located in the southern part of the city. The
probabilities derived so far indicate 10 instances with 100 customers
each. The preferred day and time of delivery are randomly chosen for
each customer. The time horizon consists of five days (Monday-Friday)
and five delivery time slots (9 am-11 am, 11 am-1 pm, 1 pm-3 pm, 3
pm-5 pm, and 5 pm-7 pm). The respective compensation is paid only
if the preferred time and/or day is not respected.

Since we consider several customers, we do not explicitly model the
vehicle routes. However, we assign a fixed cost for each district based
on the distance from the grocery store. Each customer is assigned a day
and a time slot. A district must be visited on a specific day and within a

14

time slot if at least one customer living in the district has been assigned
that day and time slot. We assume that a vehicle visits (delivers in)
at least one district per time slot. The objective is to minimize the
overall cost, which is the sum of delivery costs and compensation for
customers.

The resulting problem is formulated as an integer programming
model. The set of customers is indicated with I, the set of districts with
J, the set of days with D, and the set of time slots with 7. The preferred
time and day for customer i is defined as z; and §;, respectively. The
cost of serving a zone j is known as c;. The district in which customer
i is located is a;, while y” and y are constants equal to 1 if i is not
flexible concerning the day and time of delivery, respectively, and 0
otherwise. For customers belonging to category (i) both 'I’iD and Y’,.T
are equal to 0, for those belonging to category (ii) ¥” is set to 1 and
¥T to 0. Conversely, for category (iii) ¥” is 0 and ¥] is 1, whereas for
category (iv) both parameters take value 1.

Finally, the maximum number of available vehicles, corresponding
to the maximum number of districts that can be simultaneously visited
is referred to as m. We define four types of binary decision variables.
The first, y,,,, indicates whether customer i is assigned day 4 and time
slot ¢. Analogously, x;,, represents zone j, day d, and time slot ¢, while
z; and w; are binary variables indicating if customer i is served on a day
and in a time slot different from the preferred ones, respectively. With
y? and yT we refer to the incentives offered for ensuring flexibility on
delivery day and time slots, respectively. A resuming table illustrating
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Table 9
Notation used in the analysis on the impact of customers’ flexibility.

Notation Description

I Set of customers

J Set of districts

D Set of days

T Set of time slots

2 Preferred time slot of customer i

5; Preferred delivery day of customer i

¢ Cost of serving district j

a; District of customer i

wP Binary parameter, which equals 1 if customer i is not flexible on to
the day, O otherwise

vl Binary parameter, which equals 1 if customer i is not flexible on
the time slot, 0 otherwise

P Monetary incentive for delivery day flexibility

v’ Monetary incentive for delivery time slot flexibility

m Maximum number of available vehicles

Yidt Binary variable, which equals 1 if customer i is assigned to day d
and time slot ¢

Xjat Binary variable, which equals 1 if district j is served on day 4 and

time slot ¢

Binary variable, which equals 1 if customer i is served on a day

different from §;

w, Binary variable, which equals 1 if customer i is served in a time
slot different from 7,

the notation used is reported in Table 9. The resulting problem can be
described as a deterministic mixed integer linear programming model
as follows.

minz Z chxjd,+2yTw,~+ZyDz,- 3
jeJ deDteT iel iel

Y Yva=1 Viel @

deDteT

z,-=1—2y,~5’,, viel (5)
teT

w=1=Yyg, Viel (6)
teT
1 )

a2 5 Zi_m, vjelJ %)

iel|a;=j

ijd,Sm vjieJ (8

jeJ

z;=0 ViellyP=0 )

w; =0 Vielly =0 10)

The objective function reported in (3) minimizes the total costs ex-
pressed as the sum of delivery cost if zone j is served plus compensation
costs. Each customer must be assigned a specific day and time slot,
which is ensured by Constraint (4), while Constraints (5) and (6) detect
whether a preferred time slot or day is violated. By Constraints (7), we
define whether a district must be visited in a specific time slot and day.
Constraint (8) limits the number of vehicles that can be simultaneously
used, that is, the number of districts that can be simultaneously visited.
Finally, Constraints (9) and (10) impose that preferred time slots and
days can be violated only for customers who expressed flexibility.

The incentives offered for ensuring delivery day and time slot
flexibility, yT and yP, are fixed equal to €1.

Results of the experiments show that considering only flexibility
on the day of the delivery reduces costs on average by 27.6%. If we
consider only flexibility on the day of the delivery (while respecting
all the preferred days), the gain increases to 27.5%. If we consider
flexibility in both time slots and days, we can reduce costs by 48.7%.
The maximum benefit achievable, in case, where all the customers
provide flexibility on both day and time, is 72.6%.
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These results indicate that both types of flexibility can considerably
reduce last-mile delivery costs. The monetary compensation incen-
tivizes the customers to be flexible and the associated costs are widely
covered by the savings on the delivery costs. Hence, the concept could
increase customer satisfaction, while reducing costs.

6.2. Analysis of the newly proposed shared cart concept

For this analysis, we used data extracted from the behavioral exper-
iments to generate a sample of customers’ arrivals and whether they
joined the shared cart or insisted on individual delivery. The location
and preference of customers were expressed as the minimum filling
percentage of the cart for which they accepted to join were generated
based on the probabilities computed by combining the data from the
experiment with those related to the population of Turin. The store is
located south of the city as in the previous experiment.

The choice of customers was influenced by the choice of previous
customers from the same district, since it modified the filling level of
the cart. Once a cart is complete, the order is delivered the next day.
Even if the cart is incomplete, the orders are shipped within two days.

Customers joining the cart were rewarded with a compensation, y¢,
equal to €2. In this system, customer choices are influenced by the
other customers, joining the shared cart, and contributing to increasing
the filling level of the cart, making it more attractive for future cus-
tomers. The company has to decide on the time slot for delivering a full
shared cart, trying to combine this delivery with individual deliveries
scheduled for the same day. Furthermore, they can decide to deliver
a shared cart even if it is not full yet, if this is more efficient for the
overall system. This is the case if, for instance, the company is already
obliged to visit that district on that day for individual deliveries. This
decision problem can be modeled as a bi-level optimization problem,
in which the leader (the company) wants to minimize the total travel
cost, and the followers (the customers) choose the delivery option that
maximizes their satisfaction. This is the shared cart option if the current
filling level is greater or equal to the minimum level for which they are
willing to join it, ¢;, or the individual delivery in case the minimum
level is not achieved. For customers not interested in joining the shared
cart, the optimal choice is always to select the individual delivery.
Due to its particular structure, the problem can be transformed into
a single-level problem, by introducing variables representing customer
choices and forcing them to assume the value that maximizes customer
satisfaction. The resulting optimization problem is described below.

Variables u; are binary, taking value 1 if customer i joins the shared
cart and O otherwise. Q,;; represents the filling level of the shared
cart in zone j on day d after the ith customer made a delivery choice.
Variables x,, indicate that zone ; is visited in time slot ¢ of day d. S},
states if the shared cart in zone j is filled up on day d. Note that a cart is
considered full if it reaches a minimum number of orders C. However,
the number of orders associated with this cart can be larger than C.
This means that all customers joining this cart will be served the next
day by a collective delivery. A;, allows to track if the cart of zone j
received at least one order on day d. All the mentioned variables are
binary.

The additional notation introduced for this model is reported in
Table 10.

The resulting problem can be described as a deterministic mixed
integer linear model as follows.

minz Z chxjd,+2ycui an
Jje€JdeDteT iel
Qs.0i-1—0; +1
>4l yier 12)
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Table 10 Table 11
Notation used in the shared cart model. Average cost, number of visits, and traveled distance for different cart sizes.
Notation Description Cart_Size Cost # Visits Traveled distance
e Compensation for customers joining the shared cart (equals €2) 0 1165 5.49 726
o; Minimum filling level of the shared cart that customer i is willing 1 845 3.06 400
to join 2 655 2.40 318
u; Binary variable, which equals 1 if customer i joins the shared cart, 3 632 2.29 304
0 otherwise 4 500 1.59 207
Q)i Fill level of the shared cart in zone j on day d after the ith 5 461 1.37 179
customer makes a delivery choice 6 457 1.35 177
Xjar Binary variable, which equals 1 if zone j is visited in time slot ¢ of 7 456 1.34 176
day d 8 456 1.34 176
Sia Binary variable, which equals 1 if the shared cart in zone j is full
on day d
C Minimum number of orders required for a cart to be considered full Table 12
Ay Binary variable, which equals 1 if the cart in zone j received at Average number of customers served on the same day on which the order is
least one order on day d made, on the next day, and after 2 days (for different cart sizes).
Cart_Size Same day Next day 2 days
0 100 0 0
1 0 100 0
Quai=0uai1+u; Viel de2.|D| 15) 2 26.4 56.9 157
! ! 3 27.8 51.8 20.4
4 16.6 39.6 43.8
Qui=0uimy Viel l€J|g#jd€D 16) 5 13.8 33.9 52.3
6 13.6 32.6 53.8
7 13.5 31.8 54.7
Sj4 2 (Qq;i —CH/I| Viel jella,=j deD a7 8 135 31.8 54.7
Ajg £14+(Qu; —05)/|I| Vi€l jella;=j deD 18)
served on the next day but without the possibility of choosing the time
Sia2Ajy_1 =Sy Vi€J deD 19 window (this corresponds to the flexibility given in the first part of the
study). In the case of C = n, where n > 2, the cart is delivered the next
Syp 2 Ay ViEd (20) day if at l'east n (?rders: are place':d; othemlse, itis de}hvered the .ne.xt day.
All data is provided in a publicly available repository (Mancini et al.,
) 2025a). Both optimization problems can be solved by the commercial
Qujo < MUlAjq-y VjE€J deD @D solver FICO Xpress 7.9, within seconds.
In Table 11 we report the average delivery cost, the number of visits
Z Vigr 2 Sja-1 Vi€J deD (22) per district, and the distance traveled. From this table, we can observe
= that respecting all the customer requests about preferred day and time
Viar Z (-u)/|Il jeJ deD teT (23) slots yields a very 1ne.ff1c1ent.de.hvery Plan, requiring a visit .to each
i€ |a(iy=jnb=dAti=t zone more than 5.49 times within the five days. We can considerably
reduce costs by 27.5% guaranteeing that customers are all served the
zyjIDIr z 2 u/|\Dl Vj€J de€D @9 day after they place their order but letting the company decide the

1eT iel|5;=|D|

The objective is to minimize the total delivery costs, as stated in
(11). Constraints (12) and (13) simulate the customer choice processes
and identify customers who join the cart. Constraints (14) reset the
filling level of the cart after delivery. Constraints (15) and (16) allow
to update the filling level of the cart based on customer choices.
Constraints (17) check whether the cart has been filled up on a specific
day. Similarly, Constraints (18) detect if a cart receives at least one
order on a specific day. If not, the fulfillment level of that cart on the
next day is forced to be 0 (21). Constraints (19) ensure that a cart
is delivered within 2 days from the first received order. Constraints
(20) force carts which are open on the last day to be delivered even
if they are not full. This is to ensure that all the customers are served.
Constraints (22) imply that if a cart is full it must be delivered on the
next day, while constraints (23) impose that individual customers must
be served on the day and in the time slot selected. Finally, constraints
(24) ensure that also orders received on the last day of the time horizon
are served.

We conduct a study on 10 instances with 100 customers, 16 zones,
five days, and five time slots per day, and report average results. We
tested the model with different cart sizes, C = [0, 8], where C = 0 rep-
resents a scenario in which all customers must be served individually
on their preferred day and time slot, meaning that the cart option does
not exist. If C = 1, the cart is activated at the first order that arrives.
This corresponds to the case in which a customer can decide to select
the day and the time slot or receive the incentive, join the cart and be
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time slot for delivery (obtainable by exploiting a cart size equal to
1). The gain can be increased by increasing the size of the cart up to
7, for which we reach the minimum cost achievable corresponding to
savings of 60.9%. Values of cart size 8 does not provide any further
improvement. It is worth noting that, from size 5 on, the marginal
improvement is very little.

In Table 12, we report the percentage of customers served (i) on
the same day on which the order is performed, (ii) on the next day,
and (iii) in 2 days. Obviously, without the cart option, every customer
is served on the same day, which is the maximum level of service
achievable. However, the delivery costs for the company are so high
that this option is not economically viable as well as not sustainable
from an environmental perspective as almost all the zones are visited
every day, and some of them even more than once per day. With
the increase of the cart size, average waiting times increase since the
percentage of customers served in 2 days strongly increases. However,
this waiting time increment is fully compensated by the savings from
both an economic and an environmental point of view. Based on these
observations, a cart size of 4 turns out to be the most reasonable one
as it provides a considerable improvement in terms of cost, while the
majority of the customers (57.2%) is served within 1 day. A cart of size
5 still produces a significant improvement of costs (around 8%) but
also increases waiting times. Larger sizes provide only very marginal
economic improvements combined with very waiting times.

It is worth noting that the distance traveled and consequently the
emissions can also be considerably reduced (75.75%) by exploiting
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the collective cart approach. This indicates the high potential of this
delivery option both in terms of environmental impact and cost for the
company.

7. Conclusions

The first part of the study demonstrated that green nudges and
financial incentives, when used separately, had a noticeable impact
on consumer behavior. Green nudges, encompassing eco-friendly mes-
saging and social norms, led to significant shifts in consumer choices
toward environmentally friendly options. Financial incentives also en-
couraged more flexible behavior, as seen in the 28% of customers
who opted for medium flexibility with financial incentives alone. When
financial incentives were combined with green nudges, a synergistic
effect emerged, leading to a significant increase in flexible and eco-
friendly delivery options. The combined incentives resulted in 51%
of customers choosing medium flexibility, a notable jump from 28%
with financial incentives alone. This suggests that a combination of
moral and financial motivators could drive more sustainable consumer
behavior. The study also highlighted the impact of cooperation among
consumers, particularly in the context of the shared cart concept. When
customers saw others joining the shared cart, they were more likely
to do the same, influenced by social proof and collective behavior.
This cooperative approach, where customers opted for shared delivery,
increased cost savings up to 57.2% and reduced environmental impact.
Trust in others played a crucial role in consumer behavior. Customers
who trusted the cooperative behavior of others were more inclined
to choose shared delivery options. This trust fostered a community-
oriented approach to last-mile delivery, encouraging consumers to
make eco-friendly choices based on collective behavior. The second
part explored operational optimization, focusing on the benefits of
customer flexibility in delivery timing and the concept of shared carts
The findings showed that flexibility in delivery, with compensations,
reduced costs significantly. Offering flexibility on the day of delivery
led to a 20.3% to 42.5% reduction in costs. The concept of shared carts,
where customers shared delivery slots, saved up to 57.2% in costs,
demonstrating the effectiveness of cooperation in reducing operational
costs. The concept of shared carts emerged as a significant factor
in reducing operational costs and environmental impact in last-mile
grocery delivery. By allowing customers to combine orders and share
delivery slots, this approach significantly cuts costs for the company
while encouraging eco-friendly behavior among customers. The study
revealed that customers’ willingness to join the shared cart was influ-
enced by the cart’s filling level. If the cart was already 75% full, 92%
of customers opted to join, while only 73% joined if it was empty.
This dynamic showcases the impact of social proof and cooperative
behavior on customer decisions. The company can optimize delivery
by choosing the time slots and days to deliver full shared carts, further
reducing costs. This approach also had a positive environmental impact
by reducing the number of trips and vehicle emissions. From an analysis
conducted on the size of the shared cart, it has emerged that a size
equal to 4 guarantees the best balance among operational costs and
customers satisfaction expressed in terms of waiting times for the
sampled population.

When the findings from both parts are combined, a unique opportu-
nity arises to promote sustainable behavior while reducing operational
costs. The synergistic relation between financial incentives and green
nudges leads to more flexible and eco-friendly delivery options. This
synergy, combined with the cost-saving benefits of customer flexibility
and shared carts, creates a comprehensive approach to promoting
sustainability in last-mile delivery. The study contributes to the existing
literature by filling several gaps. It demonstrates the effectiveness of
green nudges and financial incentives in driving sustainable consumer
behavior, addressing the question of which strategy is more effective
in promoting flexibility. The findings also highlight the role of co-
operation and trust in others in influencing consumer choices. The
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results from the second part add to the literature by showing that
operational optimization through customer flexibility and shared carts
can lead to significant cost savings and environmental benefits. These
insights are a valuable addition to the growing body of research on
sustainability in last-mile delivery. Managers in the grocery delivery
industry can leverage these findings to design strategies that promote
sustainability while reducing operational costs. For example, supermar-
kets operating in contexts with similar consumer characteristics, can
apply the solution provided in our study, while in context with different
consumer characteristics can replicate the same methodology to find
an optimal solution appropriate to their context. Implementing green
nudges and financial incentives, along with shared cart concepts, can
lead to significant cost savings and improved customer satisfaction.
Managers must also consider fostering cooperation and trust among
consumers to encourage collective eco-friendly behavior. Policymakers
can use these insights to design regulations that support sustainable
last-mile delivery practices. By encouraging businesses to adopt green
nudges and shared cart strategies, policymakers can help reduce the
environmental impact of delivery operations. Promoting flexibility in
delivery schedules and supporting cooperation among consumers can
further enhance sustainability in last-mile delivery.

The shared cart concept could be applied to general e-commerce
platforms by incentivizing consumers to consolidate their purchases
to reduce delivery emissions. This could involve bundling orders or
aligning delivery times for multiple customers in the same area. Similar
principles could encourage carpooling or ride-sharing, where financial
incentives and nudges promote shared rides over single-occupancy
trips, reducing traffic congestion and emissions. The concept might also
inspire behavioral interventions in energy management such as shared
energy usage plans or nudges to shift consumption to off-peak hours to
optimize grid sustainability. The findings of our study not only reveal
significant cost-saving opportunities for companies but also underscore
the imperative for policy interventions at various levels, ranging from
policymakers to individual companies, to foster sustainable behavior.
Through our research, we demonstrate the compatibility of sustain-
ability and profitability objectives, while highlighting the efficacy of
nudges as cost-effective and enduring mechanisms for achieving sus-
tainability goals. This challenges the prevailing notion that sustainable
practices inherently compromise a company’s bottom line.

While our study contributes to existing studies, we acknowledge
the following limitations. While the sample encompasses participants
with varying characteristics, it may not fully capture the diversity of
consumers from different cultural or economic backgrounds. Moreover,
we acknowledge that the sampling method used for the group of non-
customers represents a limitation. However, our intent was to ensure
the inclusion of potential customers who are generally situated within
the area where the supermarket operates, as they represent a relevant
segment for assessing delivery preferences and behaviors. The study
focuses on financial incentives and nudging, potentially overlooking
other behavioral or psychological factors that influence consumer de-
cisions. Moreover, although we used nudges to raise awareness that
a customized delivery impacts negatively on the environment, there
are other types of nudges that could be explored. Thus, we cannot
definitively conclude on the effectiveness of nudges or their synergistic
effects without examining other methods in the future. As far as the
cart-sharing option is concerned, the level of the shared cart partially
reflects the behavior of peers, but they may have chosen it solely for the
financial incentive. Similarly, the participant might be driven purely by
economic motivations. It would therefore be advisable to include an
unequivocal signal of sustainable behavior from peers to ensure that
the participant perceives this specific aspect, rather than others. This
would allow for a clearer understanding of whether their decision is
influenced by the pressure exerted by the genuinely sustainable behav-
ior of others. Another limitation concerns the amount of the financial
incentive. Given that these are frequent purchases, the amount cannot
deviate significantly from the realistic assumptions of the experiment.
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However, consumers’ sensitivity to the value of the financial incentive
should be tested or directly elicited by asking: “how much would you
be willing to give up customized delivery for?”. The novel approach of
this is highly encouraging for future research. In particular, it paves the
way for future research to model the optimal financial incentives, for
given levels of consumer flexibility, to achieve a specific cost-saving
target, and the optimal ratio between financial incentives and cost-
saving. Future research could explore the effects of different types of
nudges or variations in the level of financial incentives across different
demographic groups. Furthermore, the concept of shared carts could be
extended to other sectors of urban logistics such as last-mile delivery
for e-commerce companies such as Amazon.
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