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Abstract

The fast-growing practice of e-commerce implies a strong increase in parcel deliveries, which
in turn creates significant pressure on last-mile city logistics. Due to the important role the
city transportation plays in energy use and greenhouse gas emission, effective last-mile
solutions in cities must be developed to contribute to sustainability and a cleaner world
economy. Crowdsourced delivery as an emerging “sharing economy” initiative can be an
effective tool to mitigate the problems emerging from the last-mile city logistics. To valorise
the benefits of crowdsourced delivery, a transition towards a hybrid city logistic system is
required where crowdsourced delivery and the conventional delivery networks are closely
integrated. Due to the lack of theoretical guidelines for crowdsourced delivery integration,
this research develops a conceptual framework to facilitate last-mile city logistics transition
adopting the multi-level socio-technical transition theory as the basis. The core of the
conceptual framework is the “five basic principles” to be followed by stakeholders when
designing intervening niche innovations at the current stage of system transition. To
demonstrate the usability of the conceptual framework, an illustrative discrete event
simulation study with specific settings that fits in with the current status of last-mile city
logistics is conducted. Results show that incorporating crowdsourced delivery as a
supplement to the conventional delivery network, following the five basic principles proposed
by the conceptual framework can reduce the last-mile logistic costs. Moreover, the offline
participation rate plays a key role in ensuring the feasibility of the new hybrid last-mile
model. To conclude, the developed conceptual framework has a great potential of improving
last-mile delivery in the era of e-commerce and having a critical scale of potential deliverer

pool is the prerequisite for the successful application of crowdsourced deliveries.

Keywords: Sustainable City Logistics, Last Miles, Crowdsourced Delivery, E-commerce, Sharing

Economy

1. Introduction

With rapid global urbanization, cities will become the predominating locations of human settlements
by 2050 (Dye, 2008). Currently, some 80% of European residents are living in cities (Vaghi and
Percoco, 2011). Accompanying rapid urbanization, e-commerce has been increasing with the fast
development of information and communication technologies (ICT) (Morganti et al., 2014). The
widespread use of the internet and smartphones has boosted the growth of global business-to-customer
(B2C) e-commerce. In 2015, the total sales of goods and services reached $2.2 trillion, and it is

expected to increase to $3.9 trillion by 2020 (Ecommerce Foundation, 2016). The huge urban
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population coupled with fast-growing online shopping practice exerts significant pressures on the last-
mile logistic system, which is one of the biggest challenges for city management. The streets are
occupied more and more by parcel delivery vehicles and couriers. Although frequent urban delivery
services bring significant convenience to our daily life, they also cause enormous sustainability issues.
Paloheimo et al. (2016) state that transport is a highly relevant field for depletion of nature resources
and environmental pollution because it accounts for nearly a quarter of global primary energy use and
greenhouse gas (GHG) emissions (Moriarty and Honnery, 2013). In the European Union, 12% of CO2
emissions are attributable to cars (European Commission, 2010). The increased number of delivery
vans consume more fuel and emit more gases. In addition, these vans cause road congestion and slow
down traffic flow, which indirectly increases fuel use and GHG emissions. Those problems will
become even more serious in the future with the further development of e-commerce, particularly for
B2C home deliveries. Taking Amsterdam, a city with a population of 800,000 inhabitants, as an
example, the daily number of parcels entering the city is predicted to increase from 40,000 to over
100,000 in the next decade. Therefore, finding effective solutions to mitigate the pressure of last-mile
logistics imposed by e-commerce will make a significant contribution to sustainability and a cleaner

world economy.

In last-mile logistics, a conflict exists between the demand for delivery services and disruption to daily
life. Citizens play two roles with conflicting interests. Acting as online shoppers, citizens prefer quick
and flexible delivery services, which require more delivery vehicles and couriers to fulfil the mission.
When acting as inhabitants, citizens prefer less crowded streets with fewer vehicles shuttling back and
forth in the neighbourhood. The problem becomes even more complicated after adding the cost
dimension. The highly demanding last-mile delivery service is known to be the most expensive part of
the trip and could reach up to 75% of total logistics costs (Devari, 2017). However, because logistic
service is highly intangible, consumers tend to take it for granted with weak willingness to pay more
for better service (Galante et al., 2013). Such dilemmas make it difficult to improve last-mile logistics,
as reflected in many failed last-mile city logistics projects (Gammelgaard, 2015). This also implies
that conventional last-mile logistics solutions are no longer adequate, and innovative out-of-box

thinking is needed.

Fortunately, the evolution of e-society not only brings problems but also potential solutions. Thanks to
the advancement of ICT, we are now stepping into the age of a “sharing economy”. Even though the
term “sharing economy” has not yet been strictly defined, it is commonly used as an interchangeable
term for “collective consumption” (Hamari et al., 2016). As a result, the scope of the sharing economy
remains broad, including peer-to-peer renting, sharing, lending, selling and giving (Martin, 2016). As
a disruptive business model, the sharing economy is expected to facilitate economic, social and

environmental values, empower individuals and enable efficient utilization of resources (Martin, 2016).
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In a successful sharing economy, business cases range from car sharing (e.g. Uber) and bicycle sharing
(e.g. Indego) to accommodation sharing (e.g. Airbnb) and household-item sharing (e.g. Peerby).
Although most of the existing cases focus on “collective consumption” (targeting at the consumers), a
group of new initiatives refer to the “sharing” concept in another context, i.e. “crowdsourced delivery”
(CD), targeting the carriers/couriers that connect shops and consumers. CD is a new logistics concept
that uses the crowd (i.e. ordinary people) as the workforce to deliver goods (Arslan et al., 2016). The
concept is declared capable of combining goods deliveries with the journeys of ad hoc people to
reduce delivery costs, shorten lead time, increase delivery flexibility, mitigate traffic-related problems
and promote social networking activities (Hamari et al., 2016; Wang et al., 2016). However, there is
also criticism regarding the validity of these statements. For instance, it is doubtful whether the CD
model can really ensure lower logistics costs than the conventional logistics carrier model. The
argument is that big carriers, such as UPS and DHL, are dealing with large volumes of goods and have
the consolidation power to lower the costs per package delivery. As a contrast, CDs deal with
individual delivery orders, which lack economies of scale. Such suspicions may explain the relative
unsuccessfulness of the CD business model so far. Although a large number of CD start-ups or
initiatives (such as Nimber, Paggy, Koorier) have emerged in recent years, none of them has grown
into a large-scale company like Uber or Airbnb. Between 2013 and 2014, a few big companies such as
Walmart, DHL and Macy’s did launch several CD pilots but none of the pilots were scaled up or

replicated in different cities.

Lack of knowledge on the CD business model is a major problem. Because CD has a relatively short
history in business practices, only limited research in the literature addresses this topic. Arslan et al.
(2016) developed a model to investigate the potential of using excess capacity of ad hoc drivers to
deliver parcels. The study demonstrated that potential saving of driving distances up to 37% can be
achieved. Archetti et al. (2016) conducted similar research to analyse a setting whereby occasional
drivers are crowdsourced to complement a traditional delivery service, and they present a heuristic
solution approach combining variable neighbourhood search and tabu search. Kafle et al. (2017)
suggest a crowdsource-enabled system for urban parcel relay and delivery, where cyclists and
pedestrians are crowdsourced to help truck carriers undertake the last-leg parcel delivery and the first-
leg parcel pick up. The authors concluded that the new system can reduce the total travel miles and
delivery costs. Li et al. (2014, 2016), Ghilas et al. (2013), Masson et al. (2014) and Fatnassi et al.
(2015) addressed crowdsourcing of passengers to deliver parcels, either by taxi or by public
transportation. These studies all demonstrate the great potential of improving the existing logistics
system. Rouges and Montreuil (2014) conducted an exploratory study for the development of a
framework to address CD on a higher level. The study introduces a typology of existing CD and
presents a preliminary understanding of their value creation processes. The authors point out that

future research should focus on better comprehension of the business models, including the challenges
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and success factors. They also observed the necessity of conducting simulation experiments to
quantify the potential of CD. Finally, there is also a lag on conceptual framework development to

guide the resolution of CD issues especially in the context of last-mile city logistics.

Other relevant recent publications concerning CD are the followings. Arslan et al. (2018) investigated
the possibility of using ad hoc drivers to create a dynamic pickup and delivery network and concluded
that the new network can make the last-mile delivery more cost-effective. Basik et al. (2018) looked
into the fairness issue of CD for fair task allocation. They developed a new model for task allocation
called “F-Aware” and claimed that it is a better way of task allocation compared to the traditional
methods. Castillo et al. (2018) used a contingency theory lens to understand how crowdsourced
logistics performs in terms of logistics effectiveness. Mario et al. (2019) proposed a CD initiative
based on free-floating bike-sharing systems and claimed it a viable support and supplement for the
local postal services. Dai and Liu (2019) developed a workforce capacity planning model for online-
to-offline logistics systems. They declared their research sheds light on cost control and efficiency
improvement on O20 businesses. Punel et al. (2019) explored the push and pull factors affecting CD
adoption using a structural equation method. The results revealed that CD is more likely for men, full
time employed, younger respondents, and for areas of higher population density yet lower density of

employment opportunities.

This paper aims to fill the gap between the increasingly prevailing CD practices and the shortage of
relevant scientific knowledge on the feasibility of integrating CD into conventional delivery networks.
It specifically focuses on integrating emerging CD initiatives into the last-mile city logistics from a
system-transition point of view to create social-economic-environmental values. A conceptual
framework based on the classical multi-level socio-technical transition theory is developed as the
guidance to facilitate the transition. A simulation-based study is conducted for the illustration purpose

on the developed framework.

The paper is structured as follows. Section 2 positions the CD models into the current last-mile city
logistic system. In section 3, the conceptual framework is elaborated. In section 4, a simulation-based
illustrative example is presented to demonstrate the usefulness of the conceptual framework and the

potentials of CD innovations. Finally, discussion is conducted in section 5.

2. Positioning CD models in the last-mile city logistics
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Last-mile city logistics is a complex system that consists of different delivery networks' where the CD
initiatives start to play an active role (Crainic and Montreuil, et al. 2016). The conventional delivery
network consists of two basic logistic models: “shipper-operated” and “carrier-operated” models (See
Figure 1). As the goods shipper, many big stores and supermarkets operate their own logistic networks
to deliver products to the customers, while others outsource this service to professional carriers such as
DHL and UPS. Both models have a top-down structure where the logistic professionals are instructed

by the companies to perform the order deliveries.

Insert Figure 1 here

As to the CD network, there are three basic models in the market: peer2peer (peer to peer) delivery,
B2C (Business to consumer) shipping and B2C neighbour receiving points. The peer2peer delivery
refers to item (or package) deliveries between individuals using ad hoc deliverers. It works in the
“Uber” way that the individual shipper who wants to deliver an item to the individual recipient posts a
bid via a digital platform (e.g., a mobile phone App). A random person/cyclist/driver accepts the bid,
makes the delivery and gets the compensation from the shipper. The application of peer2peer delivery
is beyond the scope of city last-miles and can also be used for long-distance or even international
shipments. A distinct feature of the peer2peer model is that there is no organization involved in the
transaction, only individuals (Rougés and Montreuil, 2014). This is opposite to the B2C model which
has the retailers or carriers involved (e.g. Amazon, Walmart, DHL and Macy’s). With the B2C
shipping model, companies try to find random deliverers to send their parcels in order to reduce
delivery costs and lead time, especially at the last-mile stage (Dablanc et al., 2017; Arslan, et al.,
2016). Both the peer2peer and B2C shipping models are focusing on parcel “shipping”. However,
another pain point for online shopping is parcel “receiving”. The predominating e-fulfilment model in
the market requires the online shoppers to personally attend parcel reception, which result in
significant amounts of failed first-time deliveries (Song et al., 2013). It has therefore triggered the
implementation of unmanned parcel receiving methods such as reception box, pick-up points, parcel
stations with lockers, collection-and-delivery points (e.g., Morganti et al., 2014; Wang et al., 2014).
However, the capacity of those methods are not enough to fulfil the demand of the quickly growing
parcel businesses in cities. Hence, companies adopting the third CD model, i.e. B2C neighbour
receiving points, have been emerging to fill the gap (e.g., Homerr and VIATM). This model
crowdsources the at-home neighbours to receive the parcels for the absent online shoppers. The CD
models by nature have more bottom-up aspects because they rely the business on autonomous

individuals who can combine the parcel delivery service with their daily routines.

" Palletized product delivery (in a B2B environment) dealing with large-quantity transportation of bulky goods is not a subject for
CD, therefore out of the research scope. The last-mile city logistics referred to in this research is the one dealing with small-size

package/parcel deliveries specifically from the B2C E-commerce practices.
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The B2C CD models have a larger potential in improving the last-mile city logistics than the peer2peer
model because B2C deliveries account for the major volume of parcels in the cities. Therefore, the
focus of this paper is on conceptualizing the transition of the urban parcel delivery system by
incorporating B2C CD models® into the conventional last-mile delivery network in the e-commerce

environment. In the next section, a conceptual framework is developed to facilitate this transition.

3. The conceptual framework for the transition of last-mile city logistics

The fast growth of e-commerce imposes enormous challenges on last-mile city logistics (Savelsbergh
and Van Woensel, 2016). As a result, a transition from the traditional top-down logistic system
towards a hybrid system with more bottom-up aspects is demanded. A smooth transition requires the
seamless integration of the CD initiatives into the conventional last-mile city logistic system with the
engagement of individual citizens employing facilitating technologies. The bottom-up feature
determines that such a transition is not only a matter of technological evolution but also social/practice

transformation. In other words, it falls into the paradigm of the socio-technical transition.

As to the socio-technical transition, the most frequently citied work are Geels (2002 and 2011) which
adopt a multi-level perspective on transitions. In this research, Geel’s work is used as the theoretical
foundation to develop the conceptual framework. The original Geel’s framework is adapted to fit the

context of last-mile city logistics transition with CD innovations (Figure 2).

Insert Figure 2 here

The conceptual framework includes three levels/layers: the socio-technical landscape, socio-technical

regime and niche innovations.

The socio-technical landscape refers to the macro socio-technical context/factors that shape the
surrounding environment of the transition. E-commerce pressure, trust and technology are the three
factors considered in this research. The booming e-commerce is the ultimate exogenous driver to push
forward the transition of last-mile city logistics. The pressure becomes larger and larger with the
growth of online shopping practices which stimulates the last-mile city logistics restructuring with CD
innovations. During this restructuring process, the prominent social factor that determines the success
of CD integration is “trust” (Rouges and Montreuil, 2014). It does not only refer to the interpersonal
trust between the crowdsourced deliverers and online shoppers but also the general confidence of the
companies on the feasibility of the CD business models. The more trusts are in place, the more

commitments from the practitioners can be expected and therefore the more likely a successful

2 For easy notation, in the following text when referring to “CD model”, it means the “B2C CD model”.

6
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transition will happen. Technology is another factor that plays a key role in configuring the hybrid
logistic system with CD innovations. It is necessary to point out that the technology referred in the
“big arrow” is the “general technology” that differs from the “industry-specific technology” referred in
the hexagon at the level of socio-technical regime. The “general technology” lays down the exogenous
technical landscape to build “industry-specific technology”. For example, the 5G technology can
increase the internet speed by 100 times compared to the current 4G, which will lead to a fundamental
revolution for all industries. It is therefore a general technology. As a comparison, the Track &
Tracing technology for parcel delivery is a specific logistic technique whose development depends on

the general technological landscape (e.g. 5G). It is therefore an “industry-specific” technology.

The existing socio-technical regime (i.e., the left-hand hexagon) refers to the current status of last-mile
city logistics in which the conventional parcel delivery system has been long-established. The
established six forces keep the socio-technical regime in its current steady state. The industrial players
(i.e., retailers and third-party carriers) are used to their traditional way of doing the business and
reluctant to move out of their comfort zone. The market/user preference has also the inertia. The
online shoppers may feel uncomfortable with dramatic delivery service changes. The culture of being
involved in CD has not yet been developed. It is still very unusual for people to actually participate in
CD, either as online shoppers or crowdsourced deliverers. The policies for city last-mile logistics are
still based on the old system. Governments have not yet issued new supporting policies to facilitate
CD development, neither via subsidies nor direct regulatory interventions. Finally, the science and
technology development to address CD integration is still in the very initial stage. The current socio-
technical regime of the last-mile city logistics has been solidified, which makes the CD applications
difficult to be adopted. Currently, there is hardly overlap between the conventional parcel delivery and

CD networks.

To change the current socio-technical regime with CD and facilitate the transition towards the new
regime (the hybrid system), successful niche CD innovations need to be developed to demonstrate
their potentials and gradually break through the old regime. It is necessary to note that the niche
innovations are not standalone units. They interact with the socio-technical landscape and regime (as
indicated by the small arrow-lines). Therefore, when designing such innovations, one must take into
account the development phase of the socio-technical landscape and regime to deal with the phase-
wise restrictions. Based on this philosophy, we come up with “five basic principles” (i.e., small-scale
pilot, community-based approach, low added network complexity, low additional investment level, co-
functionality) that should be followed to design niche CD innovations at the current stage of last-mile
city logistics transition. The five basic principles are supposed to help increase the chance of success
for the niche CD innovations which ultimately contribute to the regime/system transition on the larger

scale.
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Small-scale pilot

Given low social acceptance, a general lack of experience and low technological development for CD,
it is hardly wise to start with large-scale business applications at this stage. Instead, small-scale pilot
projects should be run to test the feasibility of specific CD initiatives and cultivate a social
technological culture with close involvement of practitioners and stakeholders. During this phase,
lessons are learned and experiences are accumulated, which lays down the foundation for future

upscaling.

Community-based approaches

To increase social acceptance and the related lack of trust, community-based approaches are the most
appropriate. The “community” could mean a real social entity with spatial implications (e.g.
neighbours in the same district) and could also mean a virtual group of people who are familiar to each
other or share common values (e.g. a social media group, alumni associations). The main advantage of
a community-based approach is that acquaintances or neighbours tend to trust each more than they
trust strangers from outside the community. This is supposed to improve the willingness of CD
participation. Moreover, it is easier for companies to deal with a community than with random
individuals because the associated uncertainty is much smaller. In this sense, the community-based

approach can help to increase the confidence of business practitioners in CD.

low added network complexity

Bounded by insufficient track and trace technology and low business acceptance for CD, at this stage,
CD innovations should avoid adding too much complexity to the existing delivery network to reduce
the barriers for business adoption. For example, in an ideal situation, allowing transhipments between
deliverers can enlarge the pool of potential CD deliverers. However, realizing that requires
technological advancement of parcel track and trace systems, and the complexity of the delivery
network would be significantly increased. Therefore, considering the current situation, the CD
delivery network should be kept as simple as possible by avoiding complex routings, e.g.

transhipments and multiple drop-offs by one crowdsourced deliverer.

Low additional investment levels

In order to reduce barriers for business application, the required level of additional investment for CD
should be restricted at this stage of incorporation. Therefore, leveraging existing assets is more
appropriate than investing in new assets. In terms of physical infrastructure, retailers can use the space
in existing stores and supermarkets as distribution points instead of constructing new dedicated urban

distribution centres. Regarding the IT infrastructure, collaborating with existing CD apps/websites
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may be an option to reduce the risk of capital lock-in for retailers compared with building up a self-

owned digital platform dedicated to CD.

Co-functionality

The principle of co-functionality is the core of a sharing economy. The aim of using CD in last-mile
logistics is not only to reduce cost. It is encouraged more by social environmental considerations such
as traffic congestion and GHG emissions. However, economic incentives do not always go hand in
hand with social environmental motivations. Sometimes, they are even moving in opposite directions.
For example, drivers using the Uber app could utilize their empty capacity for last-mile deliveries in
cities. If they treat this service as a profitable business and proactively search for delivery
opportunities, it will not help to solve the traffic problem because the delivery journeys are
deliberately created. The principle of co-functionality requires the crowdsourced deliverer to combine
the parcel delivery with an ex ante planned tour, instead of creating a completely new tour to earn

money. In other words, CD initiatives motivated purely by economic incentives need to be avoided.

To quantitatively test the validity of the five “basic principles” and therefore demonstrate the usability
of the conceptual framework, in the next section a simulation-based illustrative example of a niche CD

innovation that fits the current situation of last-mile city logistics is presented.

4. The simulation-based illustrative case study
The simulation study investigates the feasibility of integrating CD with the conventional delivery

method to tackle the challenges of e-grocery last-mile logistics.

e-Grocery retailers currently face high home delivery costs as a result of the requirement for special
handling, cold storage, and short delivery time windows. These requirements lead to additional costs
in transportation, labour, fleet of vehicles, and fuel consumption. High logistical costs are translated
into high delivery fees, which most customers are unwilling to pay (Galante et al., 2013). High
delivery fees, in turn, force e-grocers to establish longer time slots or inconvenient pick-up solutions to
improve cost efficiency (Syndicate Plus, 2014; Nielsen, 2017). However, e-grocery shoppers usually
want their products to be delivered as soon as possible and preferably delivered at home, thus
prolonged delivery time windows or inconvenient pick-up settings can easily rule out their options on
online groceries. Such issues hamper the growth potential of the e-grocery industry (Nielsen 2017;

Galante et al., 2013; Huang and Oppewal, 2006) and offer opportunities for applying CDs.

The idea of the simulation study was to use outgoing traditional (offline) customers to deliver grocery
parcels to their neighbour e-grocery shoppers in a dual-channel supermarket setting. Following the
five basic principles for integrating CD in last-mile logistics, a hypothetical case that fits the current

situation of last-mile logistics is presented.
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First, the case is a trial, which restricts its scope in a neighbourhood, consistent with the requirement
of a small-scale pilot. Second, the case exploits the advantage of neighbour ties to increase the trust
factor in CD. It accords with the notion of a community-based approach to valorize the benefits
created by the “sense of community”. Third, the case applies the simplest CD routing where the
crowdsourced deliverer can only take one parcel for one drop in the neighbourhood, and no
transhipments between deliverers are allowed. It therefore complies with the request for low added
network complexity. Fourth, the case caters for the requirement of low additional investment level
because the supermarket uses its existing store as the distribution point and no heavy investments are
required to develop sophisticated and dedicated IT infrastructure for CD. Finally, the principle of co-
functionality is also followed because the crowdsourced deliverers are combining delivery with an

existing journey.

The starting point of the delivery journey is the brick-and-mortar grocery retail store, represented by a
hypothetical supermarket. The model follows the same logic as that presented in Arslan et al. (2016).
The CD is seen as an order-delivery alternative where spontaneous deliverers replace the fleet of
vehicles owned by the retailer or third-party logistics. The model rests on the collaboration of the
supermarket’s outgoing clients as deliverers. By leveraging their journey home trips, the supermarket

serves online grocery orders for the neighbourhood.

Grocery parcels have to be delivered within a certain lead time or so-called time window. In Figure 3a,
the time window ranges from the earliest departure time to the latest arrival time. Thus, it includes the
matching and delivery time. The matching time is defined as the maximum time a grocery parcel can
wait to be matched with a crowdsourced deliverer, and the last part includes the travel time and home
delivery. To complete a single grocery parcel delivery, the deliverer has to make one stop at his/her
neighbour’s home before reaching his/her own final destination, represented by Figure 3b. After the
task is accomplished, the deliverer receives a small economic compensation or a discount for their
own shopping. In order to ensure that all e-grocery orders are fulfilled on time, the model includes
conventional home delivery as a backup plan. That is, when a grocery parcel is unmatched at the latest

departure time, the supermarket’s vehicle will complete the task.
Insert Figure 3 here

4.1 The simulation model

The simulation model is developed in the Enterprise Dynamic programme (version 9; Enterprise
Dynamics is a discrete event simulation software platform developed by INCONTROL Simulation
Solutions to design and implement simulation solutions). The system consists of 22 atoms. As
mentioned in the previous section, the retailer has a dual-channel setup. Hence, two sources are

distinguished in this Enterprise Dynamic system. The first source corresponds to the supermarket

10
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atom, which represents the offline channel. At the exit, outgoing clients make the decision to
participate or not in the crowdsourcing programme. Those who are willing to collaborate are
considered as potential deliverers (PDs). PDs proceed towards the next atom, the pick-up point.
Outgoing clients who are not interested in participating in this delivery programme leave the system
immediately through the clients’ home atom. In the second source, the website atom represents the
online channel. After e-customers register and complete their purchases, the e-order is generated done.
The processed e-order passes right away through the packing atom. The grocery parcel (GP) is then

ready to be delivered within the time window assigned for the service.

PDs and GPs converge at the matching server. Two scenarios may occur: pair matched or unmatched.
When the matched scenario happens (i.e. a PD and a GP appearing in the system simultaneously), the
CD is carried out and the GP leaves the system after it reaches the neighbour’s home. If no immediate
match is available, the GP will stay in the system (i.e. waiting for a future match) until it reaches its
latest departure time. If the unmatched scenario happens, the GP will be delivered by a backup vehicle

from the supermarket.

Other assumptions taken into account in this simulation model are as follows:

All customers and e-orders are independent. The elapsed time between two arrivals (inter-arrival

time) for both the supermarket and the website sources follow a negative exponential distribution

(NegExp).

e The time it takes to deal with a product (service time) follows a negative exponential distribution
(NegExp).

e Orders get served one after the other (FCFS= first come, first served).

e FEach crowdsourced deliverer can only deliver one parcel.

4.2 The illustrative case formulation

In this section, a representative supermarket is used as an example. The inputs are based on the
literature, reports and from the website of a popular Dutch grocery retailer with on/offline grocery

shopping (Ecommerce News, 2018).
Neighbourhood size

The Netherlands is a highly urbanized country, and on average it has 220 supermarkets per million
inhabitants (Gorczynski and Kooijman, 2015). Therefore, for this case, it is assumed that the
supermarket serves a neighbourhood population of 4550 inhabitants.

Online grocery shopping penetration
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Around 15% (2.5 million) of Dutch people shop for groceries online (Gorczynski and Kooijman,
2015). Therefore, it is assumed that 683 of the 4550 inhabitants are shopping for groceries online. It is
also assumed that online grocery orders can be delivered only from the 1476 regular-size stores owned
by the most popular Dutch retailers with availability of on/offline grocery shopping (ah.nl, 2018;

statista.com, 2018). Small stores have been excluded from this case study.
Supermarket’s opening and peak hours

The supermarket is opened from 08:00 to 22:00 hours on weekdays (based on the information from a
major Dutch on/offline grocery retailer). In reality, it can be observed that the flow of incoming clients
is considerably higher after working time. To mimic this situation, a peak period of 2 hours is

introduced from 17:00 to 19:00 hours when the number of visitors is doubled.
Deliverers and e-order arrivals

The visitor flows in the offline and online channels are estimated from the survey outcomes made by
Syndicate Plus in 2014. According the survey, around 70% of customers visit grocery stores weekly or
more often and the remainder less than that or once a month. Taking an average figure, it is assumed

that 70% of inhabitants visit the supermarket within a week.

With regard to the arrival of e-orders, around 70% of e-customers place an order once a month or less
and the remainder purchase more frequently (e.g. weekly). On that basis, it is assumed that e-orders
are placed monthly. Table 1 shows the calculations for the supermarket figures. As a result, it is

expected that around 640 customers visit the supermarket and 85 e-orders are processed per day.
Insert Table 1 here

Delivery time window

The selected delivery lead time equals the time window offered by the most popular Dutch e-grocery
retailer: 2 hours. The time is recorded immediately after an e-order is packed. By considering that
inhabitants live within 10 minutes of the supermarket (Van der Slikke, 2015; Syndicate Plus in 2014),
deliverers are expected to complete the CD within 15 minutes (ride time 10 minutes + door delivery 5

minutes).
Crowdsourced and backup delivery fees

The economic compensation assigned to the CD task is €5 (the rate used by TringTring in Amsterdam).
The backup delivery fee is more expensive. The study bases this fee on the average cost of serving an

e-shopper with home delivery in the Netherlands: €13 (Gorczynski and Kooijman, 2015).
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Crowdsourcing participation

As stated above, the success of CD relies on fruitful recruitment of participants. According to the
survey, more than 60% of respondents would be willing to participate in a CD (Punel and
Stathopoulos, 2017). The survey does not indicate whether the 60% is online or offline participation
willingness. A rough but plausible assumption has been made that the online participation rate should

be higher than the offline participation.

In the default setting, it is assumed that 70% of the online grocery shoppers agree to being involved in
CD. First, most e-grocery customers are aged between 25 and 44 years (Syndicate Plus in 2014),
which is the same age group that leads acceptance of CD (Punel and Stathopoulos, 2017). Second, the
level of acceptance is enhanced by the level of trust generated when the deliverer is someone who
belongs to their neighbourhood. Finally, the supermarket’s reputation gives customers the confidence

that GPs are delivered on time and undamaged at a lower fee.

Regarding the offline channel, it is assumed that 20% of the outgoing clients could actually participate
in CD. The reason for considering a low percentage is that in practice, many factors can influence the
real participation level of outgoing clients, even if they are willing to cooperate. For instance, the
outgoing clients might not have enough time to complete the task at that moment, may be concerned

about the size/weight of the GP, do not have adequate transport, etc.

The parameter values used in the base scenario of the simulation study are listed in Table 2. Moreover,
the service time for the products in the atoms such as pick-up points, order generation, packing,
matching, CD and backup vehicle have been set at values ranging from 1 to 5 minutes. Although the
assigned values could differ in reality, those parameters are irrelevant for the comparison of different

delivery systems.
Insert Table 2 here

4.3 Experiment setting

In total 36 experiments were carried out, including the base scenario and sensitivity analysis scenarios
(Table 3). The parameters that are subject to the sensitivity analysis are presented in Table 4. The
inter-arrival times (parameters 1, 2, 3) are calculated by backward induction based on the total number
of deliverers and e-order arrivals (Table 2). To get the deliverer arrivals per hour, we distributed the
total number equally (except for the peak period) through the 14 time slots that make up the
supermarket schedule (Table 5). Similarly, e-order arrivals are distributed equally in the 12 hours of
same-day service. The number of simulation runs conducted for each scenario was 100. The average

values for the output parameters are reported.
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Insert Table 3 here

Insert Table 4 here

Insert Table 5 here

4.4 Simulation results
4.4.1 Base scenario

The key performance indicators (KPIs) considered in the evaluation of the CD model are the matching
rate and the total delivery costs. The matching rate is defined as the percentage of GPs that are served
by the crowdsourced deliverers. Thus, the higher the matching rate, the more robust the CD integrated

model is.

The reason why we selected those two KPIs is because they have close relationships with cleaner
production and the feasibility of CD adoption. First, CD is by nature a more sustainable way of
delivery in last-mile logistics (i.e. substantially less GHG emissions) as long as the principle of “co-
functionality” is followed, because combined grocery shopping reduces the total number of journeys
required for traditional grocery shopping. As more combined grocery shopping journeys are
performed by the crowdsourced deliverers, GHG emissions will reduce during the practice of grocery
shopping. In this sense, the KPI “matching rate” (i.e. the percentage of parcels delivered by the
crowdsourced deliverers) captures the aspect of sustainability (cleaner production). Second, economic
feasibility is the key to ensure the acceptance of the CD concept by the businesses. If the integration of
CD can reduce the total delivery costs, then the companies are more willing to adopt it and the goal of

sustainability (cleaner production) can be realized.

Table 6 lists the default values of the six targeted parameters assigned to the base scenario. Table 7
shows the simulation results for the initial values. The matching rate achieved is around 69%.
Regarding the economic implications, delivering all GPs the conventional way would have cost €1118,
and the cost for the hybrid delivery model was €646. That is, the introduction of the crowdsourcing

concept allows savings of about 42%.

Insert Table 6 here

Insert Table 7 here
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4.4.2 Scenario I: Increasing crowdsourcing participation

The first scenario deals with the variability of parameters 5 and 6, i.e. crowdsourcing participation of
outgoing clients and e-grocery shoppers. As can be observed in Table 8, the values for the online
participation rates vary from 70% to 100%. In addition, these values were tested under different levels
of offline crowdsourcing participation (5%, 10%, 20% and 30%) to analyse their relationship and

impact on the matching rate.

Insert Table 8 here

Table 9 presents the outcomes obtained for the first scenario. Two patterns can be observed. The first
pattern is found when the offline participation rate ranges between 5% and 10%. A great improvement
in the matching rate is observed from around 35% to 64%. From Figure 4, it can be observed that

increasing participation in the online channel does not have a big impact on the KPIs.

Insert Figure 4 here

Insert Table 9 here

The second pattern covers the experiments where the offline participation is 20% and 30%. Here, the
matching rate increases considerably. It starts at 69% and increases continuously when more e-
customers choose CD. When the online participation is 100%, the matching rates are around 100%.
This implies that almost all GPs can be delivered through CD, which would minimize the delivery
costs substantially and lead to the highest savings rate, above 60% (in comparison with the

conventional model).

Figure 5 plots the shortage or surplus of PDs at each participation level. The dashed line marks the
tipping point of the CD model for this case study. It explains the presence of the two trends mentioned
above. At lower levels of offline participation (5% or 10%), the PDs recruited are not sufficient to
serve all GPs assigned to the CD mode. In contrast, when the offline participation reaches values equal

to or above 20%, there is a surplus of PDs.

Insert Figure 5 here

4.4.3 Scenario II: Delivery time-window reduction
The second scenario deals with changes in the values of parameters 4 and 5 (Table 4). The shortening

of the parameter delivery time window to 1.5 and 1 hour is analysed at different offline crowdsourcing
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participation levels (5%, 10%, 20% and 30%). Then, outputs are compared with experiments in which

the delivery time window had an initial value of 2 hours (Table 10).

Insert Table 10 here

The main findings are that the reduction in the delivery lead time affects the performance measures of
the CD model negatively, which is summarized in Table 11 and plotted in Figure 6. The impact is
almost unnoticed when the delivery time window is shortened from 2 to 1.5 hours, especially for
experiment runs 5a, 7a, 8a. The negative performance of the matching rate could vary from 0% to 4%.
For the last time window resize (to 1 hour), there is a tendency towards a more pronounced
deterioration in the overall performance. The matching rate deterioration ranges from 4% to 13% in

comparison with the outcomes of scenarios where the delivery lead time is set at 2 hours.

Insert Figure 6 here

Insert Table 11 here

The decrease in the matching rate for shorter delivery time windows depends on the level of deliverer
recruitment. The lower the number of PDs, the less likely the matching process becomes. For instance,
for 70% online participation, the number of GPs assigned to the crowdsourced system is around 60 (85
% 0.70). However, with 10% oftline participation rate, only 48 and 40 GPs are successfully assigned to
CD for the time windows of 1.5 and 1 hour, respectively. Conversely, at levels equal to or above 20%
(tipping point) of offline participation, the number of GPs delivered by crowdsourced deliverers is

around 60 and 55 for time windows of 1.5 and 1 hour, respectively.

Consequently, the costs savings are affected in the same way. Shortening of the delivery time window
from 2 to 1 hour reduces the savings to 8% and 3% for offline participation of 10% and equal to or

above 20%, respectively.

4.4.4 Scenario III: Online orders growth
The last scenario investigates the impact of the future growth of online shopping. Inter-arrival times

are altered for different offline crowdsourcing participation levels (5%, 10%, 20% and 30%) as shown
in Table 12. The growth rates for the online channel considered in this scenario are 5%, 10% and 15%,

and the offline shoppers decrease accordingly, which results in a recalculated inter-arrival time.

According to the findings in Table 13, having more GPs to deliver with fewer PDs would not hamper
the CD operation in all cases (no significant decline). When the oftline participation is as low as 5% or

10%, the number of PDs becomes insufficient to serve all the e-orders. For instance, in a 15% online
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growth rate scenario, the shortage causes a decrease of around 10% and 6% in the matching and cost
saving rates, respectively. However, when the offline participation reaches 20% or above (tipping
point), the increasing e-orders no longer put pressure on the CD model. As plotted in Figure 7, the

matching rates for these cases remain almost unchanged.

Insert Figure 7 here
Insert Table 12 here

Insert Table 13 here

5. Discussion

5.1 The conceptual framework

In this paper, we have developed a conceptual framework to facilitate last-mile city logistics transition
with the emergent CD models in the B2C ecommerce context. The framework addresses the system
transition with the basis that refers to the classical theory of multi-level socio-technical transitions.
This framework pinpoints the key issues for CD integration and proposes five “basic principles” to be
followed when designing the intervening CD innovations under the current socio-technical landscape
and regime. It can be used as a high-level guideline to assist policy making towards a more sustainable
and inclusive city logistics system. As the first work to promote CD integration in the last-mile city
logistics system, this conceptual framework paves the way for further in-depth analyses on the

potentials of different crowdsourced innovations that ultimately contribute to the system transition.

5.2 The illustrative case study

To demonstrate the usefulness of the conceptual framework, a simulation-based illustrative case
following the guidance of the framework is presented. In that illustrative case, a crowdsourced-
delivery model is proposed as a home-delivery alternative for e-grocery shopping. The case is built
upon the five “basic principles” for niche innovations proposed by the framework where the rules of
small-scale pilot, community-based approach, low added network complexity, low additional

investment level, co-functionality are closely followed.

Based on the initial figures in the base scenario, the outputs revealed that an appreciable matching rate
of approximately 70% can be achieved. The principal reason behind this is that food retailers have a
large number of frequent visitors (weekly) compared with a smaller group of occasional e-customers
(monthly). Hence, the number of PDs is substantially larger than the number of GPs to be delivered.
Furthermore, matches between the destination of deliverers and GPs are more likely to happen because

the delivery area is limited to the neighbourhood of the clients.
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Moreover, a more extensive evaluation of CD against different crowdsourcing participation levels was
conducted to pinpoint a range of possible matching rates. In the best scenario, 100% of the deliveries
of GPs can be accomplished by crowdsourced deliverers. On the other hand, in the worst case scenario,
the matching rate barely reaches 34%, leading to adoption of a hybrid delivery model (conventional +

crowdsourced modes).

From the analysis of various scenarios, four main observations have been made. First, as some studies
have already stated (Arslan et al., 2016; Van Cooten, 2016), the robustness of the CD model depends
on satisfactory recruitment of participants, specially from the deliverer side. Our results confirm the
importance of attracting a minimum level of PDs for the feasibility of CD operations. For this case
study, the tipping point is at a level of 20% of offline crowdsourcing participation. When the number
of PDs equals to or surpasses that level, it is possible to achieve favourable outcomes for any given
level of online crowdsourcing participation. The full engagement of e-grocery shoppers and offline

participation around 30% allow the best matching rate for the CD model (100%).

In addition, a shorter delivery time window is beneficial, not only for online customers but also for the
quality and integrity of GPs, especially when parcels contain perishable products. The CD model was
tested for two cutbacks in the time windows: 1.5 and 1 hour. The results show that the matching rate
responds to a reduction in delivery lead time, particularly when the time window is shortened from 2
to 1 hour. The worst outputs were identified when delivery time windows are reduced to 1 hour, and
only 5% or 10% of the GPs are delivered by the crowdsourced deliverers. The performance measures
of the model can be mildly affected when more PDs join the system. In general, applying a more
responsive delivery policy is favourable for narrowing the time window to 1.5 hours. To apply a 1-

hour time window, the crowdsourcing participation level of outgoing clients has to be at least 20%.

Third, experts predict a promising future for the e-grocery industry. Therefore, increasing growth is
expected for the online channel, which translates to fewer customers visiting the supermarket. We
evaluated the performance of the crowdsourced model when e-orders grew at rates of 5%, 10% and
15%. The outcomes revealed two trends. An unfavourable picture arises when offline crowdsourcing
participation barely reaches 10%. Matching and saving rates decrease up to 10%. However, when the
system recruits higher levels of outgoing clients (20% or above), the CD model remains robust, and its
performance measures are almost unchanged. Consequently, the growth of potential demand for the
online channel is not as a significant threat to the proposed model as the unsuccessful recruitment of

participants.
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Finally, although the simulation process yields promising results for the CD model, it is not possible to
achieve a 100% matching rate. In those cases, the conventional system of home delivery must be used
as a backup option to prevent the risk of leaving unmatched e-orders unattended. Hence, we suggest a
hybrid delivery system, especially in the current (early) stage of CD implementations when

participation rates in both channels may not reach the desired threshold levels.

5.3 Conclusion

Based on the simulation results, we derive the following conclusions:

* The integration of CD into existing last-mile delivery networks following the proposed five basic
principles has great potential for improving last-mile logistics from both the economic and
environmental points of view.

* To successfully implement CD, a critical scale of potential delivers (i.e. the offline participation rate)
is essential.

* CD cannot totally replace the traditional parcel delivery system, and therefore a hybrid delivery

network is recommended.

5.4 Limitations and Future Research

There are also limitations for the developed conceptual framework and illustrative case study. Firstly,
the conceptual framework is still quite abstract. It can be very useful to guide strategic plans of the
last-mile city logistics system with CD initiatives but can not provide tactical or operational

suggestions on specific issues faced by the practitioners.

Secondly, the case study is kept simple for illustrative purposes. Although extensive sensitivity
analyses have been conducted, data and assumptions may not be sufficiently precise. Moreover, as a
standalone numerical example, it cannot cover all relevant aspects of CD integration. However, the
general pattern of the results is adequate and demonstrates the potential added value of CD for last-

mile logistics.

Future research should concentrate on developing tactical and operational CD measures based on the
proposed conceptual framework to provide practical suggestions and protocols for improvement of
last-mile logistics. More qualitative and quantitative studies investigating different concepts of CD
with various settings should be conducted to test the pros and cons of the hybrid system with CD
integration. Finally, more marketing and sociology research should be conducted to find effective
transition pathways for involving more participants to join CD and create the critical scale for

businesses.
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E-order arrivals
Total population 16,900,000
Penetration online rate 15%
2,535,000
Supermarket stores 1476
e-orders per store 1717 per month
429 per week
85 per day

Deliverer arrivals

Neighb. Population 4,550

Week visit rate 70%
3185

640

Table 1. Deliverer and e-order arrivals calculation.

Neighbourhood Population 4550
Opening hours 08:00 - 22:00
Peak hour period 17:00 - 19:00
Supermarket’s visitors per day 640
E-orders per day 85
Delivery time-window 2 hrs
Delivery time 15 min
Crowdsourced-delivery fee €5
Backup-delivery fee €13
Online crowdsourcing participation % 70
Offline crowdsourcing participation % 20

Table 2. The basic parameter values in the base scenario

Scenarios  Parameter altered
Base scenario |
Scenario | 5&6
Scenario Il 4&5
Scenario Ill 1,2,3&5

Table 3. General experiments design

per week

per day



Parameter Parameter
No3.

1 | Deliverer inter-arrival time (mins)

2 | Deliverer inter-arrival time - peak hour (mins)

3 | E-order inter-arrival time (mins)

4 | Delivery time-window (hours)

5 | Offline crowdsourcing participation %

6 | Online crowdsourcing participation %

Table 4. Parameters subject to sensitivity analysis

ARRIVAL RATE INTER-ARRIVAL TIME
OPENING HOURS Deliverer E-order Deliverer E-order
08:00 - 08:59 40 7 1.5 8.58
09:00 - 09:59 40 7 1.5 8.58
10:00 - 10:59 40 7 1.5 8.58
11:00 - 11:59 40 7 1.5 8.58
12:00 - 12:59 40 7 1.5 8.58
13:00 - 13:59 40 7 1.5 8.58
14:00 - 14:59 40 7 1.5 8.58
15:00 - 15:59 40 7 1.5 8.58
16:00 - 16:59 40 7 1.5 8.58
17:00 - 17:59 80 7 0.75 8.58
18:00 - 18:59 80 7 0.75 8.58
19:00 - 19:59 40 7 1.5 8.58
20:00 - 20:59 0 s
21:00 - 22:00 40 1.5
640 84

Table 5. Deliverer and e-order inter-arrival times



Experiment/Parameter 1 2 3 4 5 6
Base scenario | 150 0.75 8.58 2 20 70
Table 6. Parameter values for the base scenario.

Total Potential Deliverers 129
Performing the crowdsourced-delivery 59
Unmatched deliverers 71

Total Grocery Parcels 86
Crowdsourced-delivery 59
Backup-delivery 27

Matching Rate 69%

Total Delivery Cost with conventional model (A) €1,118

Total Delivery Cost with hybrid model (D=B+C) €646
Crowdsourced-delivery cost (B) €295
Backup-delivery cost (C) €351

Savings Rate with hybrid model = (A-D)/A 42%

Table 7. Performance results for the base scenario (per day)

Experiment/Parameter 1 2 3 4 5 6
Base scenario 1.5 0.75 8.58 2 20 70
la 5 70
1b 5 80
Ic 5 90
1d 5 100
2a 10 70
2b 10 80
2c 10 90
2d 10 100
3a 20 70
3b 20 80
3c 20 90
3d 20 100
4a 30 70
4b 30 80
4c 30 90
4d 30 100

Table 8: Experiment design for scenario |

Offline participation: 5% Offline participation: 10% Offline participation: 20% Offline participation: 30%
Online participation
Total Potential Deliverers 32 32 32 34 64 64 64 64 129 130 129 129 | 191 193 194 192
Performing the crowdsourced-delivery 29 30 30 32 50 54 57 58 59 67 74 84 59 68 75 85
Unmatched deliverers 3 2 2 2 14 10 7 6 70 63 55 45 132 125 119 107
Total Grocery Parcels 85 85 85 85 84 85 83 86 86 85 84 85 85 86 84 85
Crowdsourced-delivery 29 30 30 32 50 54 57 58 59 67 74 84 59 68 75 85
Backup-delivery 56 55 55 53 34 31 26 28 27 18 10 1 26 18 9 0
Matching Rate 34% 35% 35% 38% | 60% 64% 69% 67% | 69% 79% 88% 99% | 69% 79% 89% 100%
Total Delivery Cost with conventional model (A’ 1105 1105 1105 1105 | 1092 1105 1079 1118 | 1118 1105 1092 1105 | 1105 1118 1092 1105
Total Delivery Cost with hybrid model (D=B+C) 873 865 865 849 692 673 623 654 | 646 569 500 433 | 633 574 492 425
Crowdsourced-delivery cost (B) 145 150 150 160 250 270 285 290 [ 295 335 370 420 | 295 340 375 425
Backup-delivery cost (C) 728 715 715 689 | 442 403 338 364 | 351 234 130 13 338 234 117 0
Savings Rate with hybrid model = (A-D)/A 21% 22% 22% 23% | 37% 39% 42% 42% | 42% 49% 54% 61% | 43% 49% 55% 62%

Table 9. Simulation results for scenario |



Experiment/Parameter 1 2 3 4 5 6

Base scenario 1.5 0.75 8.58 2 20 70
la 2 5
5a 1.5 5
5b 1 5
2a 2 10
6a 1.5 10
6b 1 10
3a 2 20
7a 1.5 20
7b 1 20
4a 2 30
8a 1.5 30
8b 1 30

Table 10. Experiment design for scenario Il

Offline participation: 5% ffline participation: 10ffline participation: 20ffline participation: 30

Delivery time L 2h [ ash] ah [ 2h Jash[ dh | 2h | 1sh] i ] 2h [ 15h [ 1h_
32 33 32 64 65 64

Total Potential Deliverers 129 128 128 191 193 192
Performing crowdsourced-delivery 29 29 24 50 48 40 59 59 54 59 58 55
Unmatched deliverers 3 4 8 14 17 24 70 69 74 132 135 137

Total Grocery Parcels 85 85 86 84 85 85 86 85 86 85 85 84
Crowdsourced-delivery 29 29 24 50 48 40 59 59 54 59 58 55

Backup-delivery 56 56 62 34 37 45 27 26 32 26 27 29

Matching Rate 34% 3% 28% 60% 56% 47% | 69% 69% 63% | 69% 68% 65%

Total Delivery Cost with conventional model (A 1105 1105 1118 1092 1105 1105 | 1118 1105 1118 | 1105 1105 1092

Total Delivery Cost with hybrid model (D=B+ 873 873 926 692 721 785 | 646 633 686 | 633 641 652
Crowdsourced-delivery cost (B) 145 145 120 250 240 200 | 295 295 270 | 295 290 275
Backup-delivery cost (C) 728 728 806 442 481 585 | 351 338 416 | 338 351 377

Savings Rate w/hybrid model = (A-D)/A 21% 21% 17% 37% 35% 29% | 42% 43% 39% | 43% 42% 40%

Table 11. Simulation results for scenario Il.



Experiment/Parameter 1 2 3 4 5 6

0 1.500 0.750 8.580 2 20 70
la 1.500 0.750 8.580 5
9a 1.580 0.790 8.160 5
9b 1.650 0.825 7.722 5
9c 1.725 0.863 7.293 5
2a 1.500 0.750 8.580 10
10a 1.580 0.790 8.160 10
10b 1.650 0.825 7.722 10
10c 1.725 0.863 7.293 10
3a 1.500 0.750 8.580 20
11a 1.580 0.790 8.160 20
11b 1.650 0.825 7.722 20
11c 1.725 0.863 7.293 20
4a 1.500 0.750 8.580 30
12a 1.580 0.790 8.160 30
12b 1.650 0.825 7.722 30
12c 1.725 0.863 7.293 30

Table 12. Experiment design for scenario Il

Offline participation: 5% Offline participation: 10% Offline participation: 20%  Offline participation: 30%
Online orders growth [0 [ [ra0% | 15| 0| +5% [ +10% [ +15% | 0 | 4% [+20% | s15%6| 0 | s5%¢ | s10% | s15%
Total Potential Deliverers 32 32 29 28 64 60 59 56 129 123 115 112 | 191 182 176 169
Performing the crowdsourced-delivery 29 29 27 26 50 50 50 50 59 61 66 69 59 62 65 70
Unmatched deliverers 3 3 2 2 14 10 9 6 70 62 49 43 132 120 111 99
Total Grocery Parcels 85 89 94 100 84 89 93 100 86 88 94 100 85 90 93 100
Crowdsourced-delivery 29 29 27 26 50 50 50 50 59 61 66 69 59 62 65 70
Backup-delivery 56 60 67 74 34 39 43 50 27 27 28 31 26 28 28 30
Matching Rate 34% 33% 29% 26% | 60% 56% 54% 50% | 69% 69% 70% 69% | 69% 69% 70% 70%
Total Delivery Cost with conventional model 1105 1157 1222 1300 | 1092 1157 1209 1300 | 1118 1144 1222 1300 | 1105 1170 1209 1300
Total Delivery Cost with hybrid model (D=B+ 873 925 1006 1092 | 692 757 809 900 | 646 656 694 748 | 633 674 689 740
Crowdsourced-delivery cost (B) 145 145 135 130 | 250 250 250 250 | 295 305 330 345 | 295 310 325 350
Backup-delivery cost (C) 728 780 871 962 | 442 507 559 650 | 351 351 364 403 | 338 364 364 390
Savings Rate with hybrid model = (A-D)/A 21% 20% 18% 16% | 37% 35% 33% 31% | 42% 43% 43% 42% | 43% 42% 43% 43%

Table 13. Simulation results for scenatrio .
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Figure 1. The last-mile city logistic system

Bottom-up

Socio- E-commerce Pressure, Trust, Technology
technical .
landscape H Y »
(exogenous ! \\ L
context) ! AN -

1 \\ ”

| Market, user ™~ g

-

: arket, user S~ /’ The new hybrid system

lpreference N e /s —,

H & /_J T—a 4

Industry | \\ - - T L/

. i ’ N
Socio- ! Science — i
technical Poli 1 o
regime olicy i

: CWL’ —
H -
| »
-.‘Technofcigy
1
1 1
[} 1
\ Y //
—
— . ‘_{—r

o
T
Niche Eﬂ/v/v Five basic principles
innovations 1. Small-scale pilot

2. Community-based approach
3. Low added network complexity

4. Low additional investment level

5. Co-functionality Ti
> 1ime

Figure 2. The conceptual framework for last-mile city logistics transition with CD innovations adapted
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Figure 3a. Grocery Parcel delivery timeline adapted from Arslan et al. (2016)
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Figure 3b. The delivery scheme based on Arslan et al. (2016)
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Figure 4. Matching rate performance per level of crowdsourcing participation

Matching rate



w
E 180
P
F
] 120
Q
g 100
= 80
E 60
] 40
=
< 20
O online 0
[}
c
7]
°
o

Grocery parcels

80

60

5 participationt 70% | 80% | 90% | 100% | 70% | 80% | 90% | 100% | 70% | 80% | 90% | 100% | 70% | 80% | 90%

100%

Offline participation: 5% Offline participation: 10% Offline participation: 20% Offline participation: 30%

Crowdsourcing participation

—@—Total Potential Deliverers —&— GP assigned to crowdsourced-delivery

Figure 5. Shortage/surplus of potential deliverers

69% 69% 69% 68%
63% 65%

Delivery time:

Grocery parcels

100

80

60

40

20

0

2h 1.5h 1h 2h 1.5h 1h 2h 1.5h 1h 2h 1.5h 1h

Offline participation: 5% Offline participation: 10% Offline participation: 20% Offline participation: 30%
Delivery time-windows per crowdsourcing participation

m Crowdsourced-delivery Backup-delivery —0— Matching Rate

Figure 6. Matching rate performance per delivery time window.
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Figure 7. Matching rate performance for growth of the online channel
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