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Abstract: Home delivery, as a flow of goods between the company and the consumer (B2C)
at the end of the supply chain (“last mile”), can be realized by the manufacturer, retailer
or third party (logistics provider, crowd-worker). The growth of home delivery services in
recent decades has been predominantly stimulated by the development of online ordering,
i.e. e-commerce. Delivery characteristics depend on the characteristics of the environment
and a number of factors related to stakeholders (customers, companies, governments). In
order to improve the quality of service and customer satisfaction, company profitability
and (or) reduce the negative effects of deliveries on the environment, area and community
functionality, various delivery models are designed and implemented in terms of need for
ordering, frequency, ordering and payment system, starting and end points, executors, reception
method, security, delivery area, speed and time of realization, return flows, etc. This paper
proposes a framework for a comprehensive structuring and classification of home delivery
models according to the stated characteristics/criteria. Also, the advantages, disadvantages,
interdependence and applicability of different delivery models in changing circumstances are
described. In this way, a comprehensive review of home delivery flows was performed, the
literature that deals with this area in a similar way was supplemented, but the basis for future
research was also created.

Keywords: home delivery, last mile, B2C, e-commerce, characteristics, structuring, classifying,
delivery models.

1. Introduction The organization and realization of home

deliveries depend on a number of factors

Home delivery or last mile delivery is the
supply chain phase that includes the activities
by which goods are physically moved to
the customer (Agatz et al,, 2008b). Unlike
traditional and “click & collect” purchases,
which are realized by the customer, and
door-to-door sales, home delivery involves
engaging companies in order picking/
physical preparation and delivery of ordered
goods to the customer’s home address or
location nearby (Tadié & Veljovi¢, 2020d).
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related to stakeholders: customers,
companies and governments (Visser ef
al., 2014). Customers are individuals or
households that require delivery of goods
to a home address or other location. The
size and number of household members,
socio-economic characteristics, location,
and degree of independence of the household
in relation to the environment affect the
delivery characteristics (Tadi¢ & Veljovi¢,
2020a; Gardrat et al,, 2016; Clarke et al., 2015;
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Browne et al., 2001). Households usually
do not generate large flows, but given
their number and territorial dispersion,
they have a significant share in total flows
(Tadi¢ & Veljovié, 2020a). Companies that
can be involved in the organization and
realization of home delivery are divided into
shippers (e-traders, traditional retailers,
mail-order companies, manufacturers
engaged in direct sales, etc.) and logistics
providers (distribution and other logistics
companies, fulfillment companies, collection
and delivery points (CDPs), etc.) (Visser
et al., 2014; Browne et al., 2001). Third
group of stakeholders are governments at
different levels (local, regional, national,
international). Governments influence
delivery primarily by regulations relating to
goods, vehicle operation, and urban planning
(Browne etal., 2001). Legal restrictions are
enacted to regulate freight transport within
areas (mostly urban) and generally result
in more difficult or expensive last-mile
delivery (Tadié et al., 2014a; Vanelslander
et al., 2013). Some of the regulations most
commonly applied in this area relate to
vehicle carrying capacity, delivery time
windows, congestion pricing and reserved
infrastructure (Tadié et al.,, 2014a). The
goals and interests of stakeholders may be
in agreement, but they are often conflicting

(Zecevi¢ & Tadié, 2006; Tadié et al.,, 2014b;
Tadié & Zedevié, 2015b). Customers want
the delivery of goods that match the quality
and quantity of the ordered, at the agreed
time at the desired place, at a good price. At
the same time, as residents of the areas where
deliveries are made, they try to reduce the
negative effects of deliveries: congestion,
endangering traffic safety, noise, harmful

emissions, etc. (Tadi¢ & Ze&evié, 2015b).
Governments have similar goals from the

aspect of social and environmental effects
of deliveries. On the other hand, the high
level of service required by customers and
the restrictions imposed by governments
contribute to the complexity of planning,
organizing and realizing deliveries, and
increasing the costs of companies. Their goal
is to improve delivery efficiency and business
profitability. One of the key instruments
for achieving this goal is the consolidation
of goods. Consolidation of goods can be
realized through urban consolidation centers
and cooperative logistics systems (Tadié¢ et al,,
2017; Conway et al,, 2011), the establishment
of which is usually a common interest and
endeavor of companies and governments
(Tadi¢ & Zecevié, 2015a).

There are a number of potential benefits
of home delivery for customers: increased
satisfaction (Morganosky & Cude, 2000),
saving time and avoiding the traditional way
of shopping due to crowds, specific logistical
requirements of the goods, etc. (Browne et
al,,2001), but also for companies and society
(Cairns, 1996): making company profits,
keeping community shops/spirit going,
encouraging the purchase of local produce,
reducing car traffic, and providing social
services, which is especially important in the
conditions of impossible movement, which
was confirmed in the conditions of home
isolation during the COVID-19 pandemic
(Hobbs, 2020). On the other hand, there
are numerous problems, challenges and
negative economic, environmental and
social effects of home delivery (Tadié &
Veljovi¢, 2020d).

Companies apply different delivery models
in terms of need for ordering, frequency,
ordering and payment system, starting and
end point, executors, reception method,
security, delivery area, speed and time of
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realization, characteristics of return flows,
etc. These characteristics are the subject of
numerous scientific studies.

The characteristics that are most often
analyzed in the literature and according to
which classifications of delivery models are
made are the end point (Tadi¢ & Veljovi¢,
2020a; Iwan et al.,, 2016; Van Duin et al,,
2016; Morganti et al., 2014b) and reception
method (Fernie & McKinnon, 2009; Agatz
etal., 2008a; Punakivi, 2003; Punakivi et al.,
2001), because these characteristics most
directly affect customer satisfaction with the
service. The speed and time of delivery have
a similar significance, but also significantly
less attention of researchers (Dablanc et al.,
2017; Hausmann et al.,, 2014; Campbell
& Savelsbergh, 2006). In many studies,
delivery characteristics have been analyzed
according to the type of goods (Gevaers et
al., 2009; Daduna & Lenz, 2005; Browne et
al,, 2001), and the delivery of groceries has
attracted special attention of researchers
(Durand & Gonzalez-Feliu, 2012; Campbell
& Savelsbergh, 2005; Yrjold, 2001; Punakivi
& Saranen, 2001). In the literature, there
are analyzes of home delivery from the
aspect of the place and technology of order
picking (Hays et al,, 2005; Murphy, 2003;
Kimiridinen & Punakivi, 2002), as well as
delivery executors (Park et al., 2016; Wang et
al, 2016), but much less frequently from the
aspect of the ordering and payment system
(Morganti et al., 2014b). Return flows in
home delivery have been analyzed in several
papers (Tadi¢ & Veljovié, 2020c; Bernon et
al., 2016; Morganti et al., 2014b; Browne et al,,
2001). The smallest number of studies deals
with frequency and delivery area in terms of
the degree of urbanization (Morganti et al.,,
2014a; Boyer et al, 2009) and coverage (local,
regional, etc.) (De Koster, 2003).
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Although home delivery has attracted
significant researchers’ attention in recent
decades, structuring and classification of
delivery models according to different criteria
are given in a small number of papers. The
Cairns’ research (1996) is the first serious
attempt to analyze the delivery model against
different criteria (ordering system, executor,
place of commissioning, method of receipt,
delivery speed, etc.), but does not go into
details and deals with delivery concepts that
have changed significantly today in relation
to the research period, especially from the
aspect of the ordering system. Hiibner et
al. (2016) consider the characteristics of
different order picking, delivery and return
models in the context of simultaneous sales
on a physical and online channel. De Koster
(2002a), Winkenbach and Janjevic (2018),
Tadié and Veljovié¢ (2020d) provided the
most comprehensive structuring and (or)
classification of the delivery model in terms
of the number of criteria, but these studies
are not detailed enough and focus more on
the interrelationship of the criteria than on
delivery models.

This paper proposes a framework for
comprehensive structuring and classification
of home delivery models in relation to
different criteria. The paper deals with the
physical delivery of goods from companies to
customers (business to consumer - B2C). The
main contribution and goal of the paperisa
comprehensive structuring of home deliveries
and a detailed analysis of the advantages,
disadvantages and applicability of certain
delivery models in different circumstances.
This created the basis for future research on
various aspects of home delivery.

The paper is organized as follows. After the
introduction, a framework for structuring
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and classifying delivery models according
to different criteria and describing the
characteristics and interdependence of certain
delivery models is given. After that, conclusions
and directions of future research are given.

2. Structuring and Classification of Home
Delivery Models

The characteristics of home delivery affect
the level of service, level of demand and
customer satisfaction, efficiency, costs
and profitability of suppliers/delivery
executors, as well as the environment in
which these processes take place (Tadi¢ &
Veljovié, 2020d). They depend on a number
of circumstances and factors related to

Fig. 1.
A Framework for Structuring Home Delivery
Source: (Tadi¢ & Veljovié, 2020d)

2.1. Need for Ordering and Frequency
of Delivery

Browne et al. (2001) consider that door-to-
door sales, i.e. making goods available to
potential customers in households without

Need for
ordering and
frequency of|
delivery

different stakeholders (Tadié et al., 2014Db),
but are also interdependent. Some delivery
characteristics and parameters are almost
completely controlled by the supplier (e.g.
picking point, return flows), and others are
primarily related to the customer’s decisions
(e.g. end point) (Tadié & Veljovié, 2020d).
By analyzing and systematizing the basic
characteristics of home delivery, the criteria
for their structuring can be singled out
(Fig. 1). In the following, the structuring
and classification of home delivery
models according to different criteria
will be performed and the advantages,
disadvantages, interdependence and
applicability of certain delivery models in
different circumstances will be analyzed.
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)
A Wieyg

prior ordering, are the oldest known form of
home delivery. Most research under the term
home delivery involves delivery to a home
address preceded by some form of personal
or remote ordering. As door-to-door sales
are a combination of some characteristics of
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traditional shopping (spatial and temporal
connection of picking, payment and taking
goods) and home delivery (goods are made
available to the customer at the home address),
this concept will not be analyzed in more
detail in this paper. However, there are other

delivery models that partially or completely
exclude ordering. These models will be
described below together with the delivery
model that requires ordering. Fig. 2 shows the
classification of the delivery model in terms
of need for ordering and delivery frequency.

| Need for ordering goods |

I

[

|

| With ordering (on-demand delivery) |

Partially included ordering (regular scheduled delivery)

| Without ordering (VMI}

Fig. 2.

Classification of Home Delivery Models from the Aspect of Need for Ordering Goods

The classic, in practice and literature most
common form of home delivery is on-demand
delivery. The customer orders the goods
in the store or remotely, after which the
delivery is realized, which is independent
of other deliveries that the supplier realizes
for the same customer. The development
of information and communication
technologies has enabled the harmonization
of the dynamics of household supply with
the dynamics of consumption and customer
needs. In such circumstances, supplier can
provide customers with delivery “just in
time” and the currently desired level of
stock, but this increases the complexity of
the organization of deliveries and the cost of
the supplier. This delivery model is typical
for durable goods, but also applies to non-
durable/consumer goods (subsection 2.11).

From the supplier’s point of view, regular
scheduled deliveries are much more suitable
for planning and organization. Regular
scheduled deliveries are realized over a
longer period of time according to a pre-
agreed frequency. Companies can offer
customers to permanently reserve a certain
time and day of the week for delivery (Boyer
et al., 2009; Kimairiinen et al,, 2001a). The
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customer and supplier have a preliminary
agreement on the frequency of delivery, but
through communication technologies or
during delivery, information about the next
delivery (type, quantity of goods, etc.) or
changing the conditions under which it is
realized (time, place of delivery, etc.) can
be specified. Thus, this method of delivery
only partially involves ordering activities.
This form of delivery has been used in
the past, especially in the delivery of milk
(Gould, 1998), but in recent years it has been
used by supermarkets that provide grocery
delivery services. Also, regular scheduled
delivery may include various services (e.g.
laundry and ironing). Along with regular
scheduled deliveries, return flows of goods,
packaging and logistics units are often
realized (subsection 2.10.) (Tadi¢ & Veljovié,
2020c). Regular scheduled delivery model
enables a more efficient organization of
picking and delivery of goods (Hoover et al,
2002). Also, by defining deliveries in time,
the accumulation of demand, the appearance
of peaks and the problems they cause can be
avoided (Kidmiriinen & Punakivi, 2002)
(subsection 2.9). Therefore, many companies
offer customers the option of choosing this
delivery model (Cristol & Sealey, 2001).
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Home deliveries can be realized completely
without ordering, i.e. the participation of the
customer in defining the type and quantity
of goods and the time of delivery. This
model involves managing and replenishment
the customer’s inventory as an additional
service of the supplier (vendor managed
inventory - VMI) (Sméros & Holmstrém,
2000; Hoover et al., 2002). Replenishment
of inventory can be realized on the basis of
the customer’s profile, i.e. historical data
on the purchase, or on the basis of insight
into his inventory levels. Tracking customer
inventory levels can be accomplished in two
ways: physical access and inventory checking
or automatic tracking. Physical access to
the customer’s stocks can be realized in the
same way as during deliveries with access
to household facilities (subsection 2.7). On
the other hand, using modern smart devices,
internet of things, sensors, bar codes and
other technologies, information on the level
of household stocks can be automatically
generated and sent to the supplier, in order

to determine the frequency and size of
delivery. The non-ordering delivery model
combines the advantages of the previous two
concepts: the first, which enables supply
according to the current needs of customers,
and the second, which reduces the need
for ordering activities and ensures regular
and reliable supply. However, there are a
number of challenges and problems related
to the application of this model. First of all,
customers are not always ready to provide the
supplier with a complete insight into the state
of stock. Also, the intensity of household
consumption can vary, which affects the
unpredictability in delivery planning.

2.2. Ordering System

Home delivery involves the delivery of all
goods to a home address (or other location
chosen by the customer) regardless of the
ordering system (Browne et al., 2001).
Ordering goods for home delivery can be
done in-person or remote (Fig. 3).

In-person

[ In store l | In household | | Phone

I | Mail/catalog | | Fax

” Interactive TV || Internet

Fig. 3.
Ordering Systems in Home Delivery

In-person ordering can be done in a store or
in ahousehold. In the first case, the customer
selects the goods in a store, which are then
delivered to him. Such delivery is most
often realized when customers are not able
or do not want to transport the goods for
various reasons: specific demands in terms
of the scope of delivery or characteristics of
the goods, inadequate means of transport,
etc. (Gould, 1998; Browne et al., 2001), but

they want to have a complete insight into
the characteristics of the goods, which is
not enabled by online sales or other forms
of remote shopping. Also, the customer can
select a product model in a store, which will
then be manufactured or picked up from
the retailer’s logistics center (LC) and
delivered to the home address, so that the
customer would not have to visit a store
again (Browne et al.,, 2001). In this way,
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households most often purchase furniture
and large appliances (Visser et al., 2014), as
well as fruits, vegetables and flowers. In-
person ordering can also be realized during
traditional shopping in stores. Thus, in some
cities, customers buy fresh goods (fruits,
vegetables, etc.) in supermarkets, while
ordering dry goods (e.g. canned products)
that are delivered to them from the central
LC (Cairns, 1996). Research shows that a
small proportion of deliveries are generated
by ordering in store (5%; Gardrat et al.,
2016). The second case implies regular
scheduled delivery of goods to the home
address (subsection 2.1.), when during one
delivery, the realization of the next delivery
(deliveries) is more precisely contracted in
direct contact with the supplier. This way
of ordering was more common in the past,
but it is still used today.

The development of communication
technologies in the twentieth century has
enabled the application of various forms
of remote ordering (Browne et al., 2001):
ordering by telephone, fax, mail, interactive
television and online ordering. The ordering
location is most often household (home
shopping), but it can also be any other
location where the customer has access to
one of the ordering systems, except for the
store. The invention and the mass availability
of telephones in households around the
world enabled remote communication, and
thus ordering. However, in parallel with
the emergence and expansion of the use of
telephones, there is a mass production and use
of cars, as well as the opening of supermarkets
and retail chains, which reduces the demand
for delivery services and telephone ordering.
Some delivery models also took place in
such circumstances (e.g. regular scheduled
deliveries of milk and deliveries of goods
ordered by mail). Mail ordering has become
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especially important in the 1980s and 1990s
(Gevaers et al., 2009). Companies send
catalogs with the characteristics of goods
to potential customers, who then order the
goods for delivery by mail (Browne et al,,
2001). This way of ordering still exists today,
but it was significantly suppressed first by
telephone, and then by online ordering, i.e.
e-commerce. Fax and interactive TV were
of less importance in ordering goods for
delivery.

Home delivery is increasingly evolving
with the advent of e-commerce and online
ordering (Iwan et al,, 2016; Morganti et al.,
2014b; Gevaers et al., 2009). Most research
in the field of home delivery considers the
delivery of electronically ordered goods
(Slabinac, 2015). Interest in electronic
home shopping began in the 1970s when
early videotext systems were used (Gould
& Golob, 1997). Today, ordering goods in
the e-commerce system is done through the
Internet, e-mail, mobile applications and
in other ways. E-commerce is becoming
increasingly important in the market. About
60% of customers in the EU bought online
in 2018 (European Commission, 2019). In
the same year, the share of e-commerce
in total global retail was 12.2%, and
analysts expect that by 2023 it will grow
by about 2% each year and thus reach 22%
(eMarketer, 2019). An increasing number
of e-commerce companies, and traditional
retailers and companies that have received
orders by phone and mail, are increasingly
using the Internet as a marketing and sales
channel (Browne et al., 2001). Visser et al.
(2014) predict that in the future, additional
growth in e-commerce will occur due to the
expansion of demand to new segments of
customers (e.g. old population), to reduction
in the number of traditional stores, growth of
e-grocery and the use of smartphones. One
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of the main disadvantages of e-commerce
and other forms of remote ordering is the
impossibility of direct and complete insight
into the characteristics of goods (“look
& feel”) (Hiibner et al., 2016; Daduna &
Lenz, 2005). Therefore, some e-retailers
are opening facilities where customers can
getinformation about the goods or test/try
them, and where no sales are made (Visser
et al,, 2014). This practice is called “offline
to online” (020).

2.3. Payment System
Payment for goods for delivery can be

realized in different ways: online/mobile
payment, using a credit card or cash payment,

etc. (Fig. 4). The method of payment depends
on the moment of payment (when ordering
or taking goods), the ordering system,
the options offered by the supplier, the
customer’s preference, the type and value of
the goods, etc. Most retailers offer distance
payment options, so customers most often
use this benefit. This method of payment
has been facilitated by the development of
numerous mobile applications for ordering
and payment. Online payment is most often
made when ordering online, while cash or
credit card payments are usually made when
taking goods (Winkenbach & Janjevic, 2018).
Also, the goods that the customer orders in
a store can be paid in cash or by credit card
at the time of ordering.

| Payment systems |

[ Online/mobile payment | | Payment by credit card | |

Cash payment

Fig. 4.
Payment Systems in Home Delivery

2.4, Starting/Order Picking Point

Warehousing and order picking costs are
very high in traditional but also in logistics
systems for home delivery, in which they
have the largest share in total costs together
with delivery costs (Kdmiriinen et al. 2001b;
Punakivi & Tanskanen 2002; Tanskanen et
al., 2002; Kdamairdinen & Punakivi, 2002;
Vanelslander et al., 2013). The costs of
picking a wide range of individual products
in small quantities are higher than the
picking costs at the pallet level (Agatz et al.,
2008b; Vanelslander et al., 2013). Therefore,
the way and place of order picking, i.e. the
starting point of delivery is one of the most

important criteria according to which home
delivery models are classified. While the
most common end point of delivery is
specified by the name of the service, less
is usually known about its starting point.
Starting point of home delivery or “order
penetration point” (Oldhager, 2003) is the
point at which stocks are located (Lim et
al., 2018) and at which the customer order
activates the order fulfilment process
(Fernie & McKinnon, 2009). Picking of
goods for delivery can be realized by the
retailer, the retailer’s supplier (wholesaler)
or the manufacturer (De Koster, 2002a),
and it can be manual, semi-automated or
automated (Hiibner et al., 2016) (Fig. S).
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| Order picking |
I
|
| Starting/order picking polnt Picking technology
I 1 1
| Retailer’s location | | Mamufacturer's'wholesaler's location | | Manual ” Semi-automated || Automated |
I
| Sales space | | Storage space | | Multichanne] 1O | | Dedicated L. |

Fig. S.

Order Picking Point and Technology in Home Delivery

The retailer can apply order picking based
on stores (sales or storage space of the store),
LCs (multichannel or dedicated only for
deliveries) or a hybrid model (Browne et al.,
2001; De Koster, 2003). The choice of order
picking executor, location and technology
has a significant impact on the investment
required, operational efficiency, costs and
level of service (Vanelslander et al., 2013;
Boyer et al., 2005; Punakivi & Tanskanen,
2002), and depends on the sales channel, the
existing infrastructure, supplier’s decision,
levels, stability and density of demand,
delivery areas, types and values of goods, etc.

Store-based order picking is the oldest
model of picking goods for home delivery
(Kdmirdinen & Punakivi, 2002). Picking
is realized manually. It is usually used by
companies that operate on both channels
and have a dense network of stores (Hiibner
et al., 2016; Vanelslander et al.,, 2013), but
online retailers can also use stores of third-
party, especially in the case of low demand
(De Koster, 2002b). This concept does
not require additional investment costs
and provides an opportunity for “click
& mortar” companies to take advantage
of the full range offered by physical sales
(Kdmiriinen & Punakivi, 2002), shortening
the last mile by approaching the customer
(Hackney et al., 2006; Lunce et al., 2006),
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enables higher delivery speed and specific
storage conditions (e.g. active and passive
cooling) (De Koster & Neuteboom, 2001).
It also allows retailers to achieve rapid
geographic expansion, enabling market
share and gaining customer loyalty much
faster than in the case of picking at a LC
(Fernie & McKinnon, 2009). On the other
hand, retailers must decide in which store
they will pick the ordered goods, so as to
achieve a compromise between the efficiency
of picking and the distance, time and cost of
delivery (Hays et al., 200S). Order picking
can be realized in the sales or storage space
of the store. Picking in sales space (taking
off the shelf) is expensive and inefficient
(Kimiridinen et al, 2001b), because it is not
designed for this activity (Kdmirdinen &
Punakivi, 2002; De Koster & Neuteboom,
2001), and can disturb the functioning of
stores and the standard of service for online
customers, as well as for customers who make
traditional purchases. Picking inefficiencies
are caused primarily by inadequate locating
of related goods (e.g. milk and bread are
distant from each other), goods arrangement
by margin rather than product turnover
(eye-level products have high margins),
and interference by customers (De Koster,
2002b). Also, goods can be available at the
time of online ordering, but then purchased
from customers in the store and unavailable
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for picking by workers (Fernie & McKinnon,
2009). In this case, online customers must be
canceled or offered alternative goods, which
can cause their dissatisfaction (Murphy,
2007; Fernie & Sparks, 2004; Browne et al.,
2001). This is precisely one of the risks of
spatial and temporal separation of ordering
and taking goods (Gardrat et al., 2016;
Hiibner et al., 2016). These problems can
be avoided by applying picking in the storage
space of the store. Nevertheless, storage
space in stores has been significantly reduced
or eliminated in recent decades in order to
expand sales space (De Koster, 2002b).

The retailer can use same LC for picking
goods for supply store and home deliveries
(integrated picking, multichannel LC). This
concept brings the benefits of risk pooling,
reduces inventory levels, delivery times,
overhead and inbound transportation costs
(Hiibner et al., 2016). Also, in this case,
the existing infrastructure is used, which
affects the lower investment costs. On
the other hand, this model has a number
of disadvantages (De Koster, 2002b). The
warehousing, picking, sorting and packaging
technologies, inventory management,
information systems and operation of
these LCs are adapted to the quantitative
and qualitative characteristics of traditional
retail requirements (larger quantities of one
type of goods, deterministic requirements
in terms of location and delivery time, etc.),
and as such they are not suitable for the
realization of B2C flows. This primarily
refers to the management of a wide range
of products, which need to be delivered to
different locations. Picking is usually semi-
automated, because automatic technologies
are adapted to picking at the pallet level, and
additional procedures related to product
units are realized manually.

In conditions of high demand and a wide
range of goods, the most efficient picking
solution is the establishment of a dedicated
LC for deliveries (De Koster, 2002b).
This model is most often used by online
retailers, because they do not own stores
(Vanelslander et al., 2013), but also by some
“click & mortar” retailers. Namely, with
the increase in demand, picking goods in
stores in parallel with traditional shopping
becomes even more difficult (Murphy, 2003;
Kimiriinen & Punakivi, 2002), so in such
conditions it is justified to open a dedicated
LC for deliveries (Vanelslander et al., 2013).
Careful monitoring of demand levels is of
paramount importance, as the premature
opening of a dedicated LC has resulted in
the failure of many companies (Fernie &
McKinnon, 2009). Dedicated centers are
designed for picking a large number of small
units; provide benefits related to economies
of scale and service to a larger area than
stores (De Koster & Neuteboom, 2001). High
efficiency of LCs is achieved by applying
appropriate warehouse technologies, sorting
and information systems (De Koster, 2002b).
Automated or semi-automated picking is
applied in dedicated centers (Hiibner et al,,
2016; Kimiriinen & Punakivi, 2002). The
main advantages of automated picking are
reduced labor needs and lower operating
costs (Kdmairiinen et al,, 2001b). Another
advantage of using a dedicated LC is the
convenience of applying the VMI concept
(subsection 2.1) (Kimiriinen & Punakivi,
2002). On the other hand, high investments
in capacity are needed, which can be
underutilized due to fluctuations in demand
(Kdmiriinen & Punakivi, 2002). In addition,
the distances traveled and delivery costs
increase, because the LC is usually further
away from the customer than the stores (De
Koster & Neuteboom, 2001).
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The hybrid model of picking goods for
delivery combines the use of LCs and stores.
Some companies realize picking from LCs
only in areas with higher demand, and other
requirements are met by picking in stores
(Kimirdinen & Punakivi, 2002). Yrjsla
(2001) proposes a hybrid approach to the
selection of picking point depending on the
type of goods.

In the past, many manufacturers and
wholesalers marketed their products directly
to customers, but this concept has proven
difficult over time due to the high costs
of marketing and advertising (Browne et
al,, 2001). However, with the development
of e-commerce and mass customization,
as well as the efforts of manufacturers to
reduce distribution costs (Mukhopadhyay &
Setoputro, 2004), the place of manufacturing
is increasingly the starting point of delivery
(Fernie & McKinnon, 2009). This delivery
model is called drop-shipping. In this case,
the customer electronically orders the
goods, retailers make only the sale, and the
manufacturer (or the retailer’s supplier/
wholesaler) organizes the direct delivery
of the goods to the customer (Gan et al.,
2010; Bailey & Rabinovich, 2005). Drop
shipping brings numerous benefits to the
manufacturer and customer, but also to
the retailer, who does not bear the cost of
keeping stock (Ma et al., 2017).

2.5. End Point

Home delivery is a distribution channel
that ends at a home address or location
nearby (Fernie & McKinnon, 2009) (Fig.
6). The end point is usually determined by
the customer (Lim et al., 2018). The final
destination of goods is usually the household
of the customer, but it can be done directly
or indirectly. Although customers prefer
direct delivery (Morganti et al, 2014b), goods
are sometimes delivered to other addresses
(customer’s workplace, neighbor’s or friend’s
household, etc.), CDPs, drop-off companies,
and recently in the trunk of the customer’s car,
when the end point of delivery can be a home
address or other location, depending on the
movement of the car. These locations maybe a
targeted end point of delivery or an alternative
solution after a failed home delivery. In case of
unsuccessful delivery, the customer must pick
up the goods at the supplier’s LC (McLeod
etal, 2006) or the delivery is realized again,
which requires additional costs, increases
the customer’s waiting time and may result
in failure again (Fernie & McKinnon,
2009). Therefore, changing the end point of
deliveryis a good solution to improve delivery
efficiency (Van Duin et al, 2016). From other
addresses, CDPs or drop off companies, the
goods can be delivered to the household by
the customer, recipient (neighbor, drop-off
company) or crowd-worker (subsection 2.6).

End point |

Customer home address || Customer workplace || Neighbour’s household | |

CDF | | Drop-off company ]

Fig. 6.
End Points of Home Delivery
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| Attended CDP || Unattended CDP |
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Delivery to the customer’s home address is
input flow of goods into the household (Tadi¢
& Veljovié, 2020a). Despite the possibility
of choosing different end points, customers
still most often opt for delivery to home
address (Weltevreden & Rotem-Mindali,
2009; Morganti et al., 2014b). This model is
suitable because in most cases, the use and
storage of goods is realized in the household.
Also, when delivering some types of goods,
customers tend to reduce the number of
intermediary points in order to eliminate
security and privacy risks. On the other
hand, delivery to home address increases
the activity of vehicles in residential areas,
which can have various negative effects
(congestion, noise, endangered traffic safety,
increased harmful emissions, etc.) (Allen
etal,2007).

The goods can be delivered to the trunk of
the customer’s car. Although this delivery
model is analyzed in subsection 2.7, which
refers to the ways of receiving the goods,
this part will also describe some of its
characteristics, since the end points of
delivery may be different depending on the
current location of the car. Research (Reyes
etal.,, 2017; Ozbaygin et al,, 2017) shows that
delivering goods to the trunk provides a
significant opportunity for companies to
reduce distance traveled, economic cost,
harmful emissions and congestion in the
last miles. Namely, based on the information
obtained from the customer or tracking the
movement of his car, a location significantly
closer to the place of picking or end points of
other deliveries than the customer’s address
can be chosen as the end point of delivery
(Reyes et al., 2017).

Increasingly, the end point of delivery is
the customer’s workplace. Since deliveries
are most often realized during the day,

failures in delivery to the workplace are
unlikely, because there is almost always
someone available who can receive the goods
(Weltevreden & Rotem-Mindali, 2009).
Also, the delivery of goods from workplace
to the home address does not require the
realization of additional trips, but the
customer can do it on a regular return from
work. Although more and more companies
offer delivery service to the customer’s
workplace, very few employers have systems
for receiving, storing and distributing goods
to workplaces, because there are numerous
challenges in terms of goods safety and
system management (McKinnon & Tallam,
2003). Also, employers may be dissatisfied
if the number of deliveries and the quantity
of goods become so large that they disrupt
the daily activities of the company (Browne
etal., 2001).

A neighbor’s address can also be an end point
of delivery, which is especially common after
a failed delivery to a customer’s address
(Edwards et al., 2010b; Weltevreden &
Rotem-Mindali, 2009). According to survey
results, 84% of online shoppers would
allow a neighbor to receive goods on their
behalf (IMRG, 2008), so companies are
increasingly offering customers this option
(Morganti et al., 2014b). Companies often
require customers to specify the address
to which they should redirect delivery in
the event of their absence when ordering
goods. For many customers, the absence of
neighbors is one of the factors that prevent
them from using delivery services (Gould,
1998). According to research (see Van Duin
et al., 2016), delivery of goods to neighbors
canincrease delivery efficiency by up to 15%.
This improvement could be significantly
higher if some households served as hubs for
receiving, storing and eventual final delivery
of all shipments ordered in a certain area
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(Tadi¢ & Veljovi¢, 2020a). Some companies
have already applied this concept (Cairns,
1996). In fact, in this case the household
of the neighbor serves as a CDP or drop
off company (McKinnon & Tallam, 2003).
These concepts will be explained below.

CDPs are receiving increasing attention both
in practice and in the literature, and their
number is growing, especially in Europe
(Morganti et al., 2014b). For this reason,
this end point will be described in detail in
this paper as well. CDPs are a network of
locations where suppliers/operators pool
and deliver ordered goods, and customers’
consignees pay, collect or return goods
(Yuen et al, 2018; Piplani & Sarasvat, 2012).
These places are also called by other terms:
collection points, cluster points, pick-up
points, pick-own-parcel points, reception
points, etc. They are most often located in
busy places (transport hubs, stores, post
offices, etc.), so that customers would not
have to make additional trips in order to
pick up the goods (Weltevreden, 2008).
CDPs can be used as target or alternative
end point of delivery (McKinnon & Tallam,
2003). Post office is often an alternative
end point of delivery after one or more
unsuccessful delivery attempts to a home
address or workplace, while other CDPs are
almost always the initial end point of delivery
(Weltevreden & Rotem-Mindali, 2009).
There are two variants of CDP, attended
and unattended (Lim et al., 2018; Visser et
al.,, 2014; Weltevreden, 2008; McKinnon &
Tallam, 2003).

Attended CDPs (manned CDPs, service
points, parcel service points, staffed pickup
points) employ persons who receive the goods
and hand over them to the customer. Attended
CDPs can be established by developing
new infrastructure, using existing stores or
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collaborating with third parties (Wang et al,,
2014). Building new infrastructure implies
higher investments and risks. As in the case
of picking points, companies operating
exclusively on the online channel most
often build new or use third-party facilities
for CDPs, while companies operating on the
physical and online channel seek to leverage
existing infrastructure. Therefore, “click &
mortar” retailers often use their own stores
as CDPs, relying on shop-in-shop concept
(Weltevreden & Rotem-Mindali, 2009).
Third-party facilities most commonly used
as CDPs are facilities with long working hours
(Morganti et al,, 2014b; Fernie & McKinnon,
2009; Gevaers et al.,, 2009): post offices,
gas stations, garages, self-storage centers,
supermarkets, newsstands, bakeries, internet
cafes, etc., where a special point is usually
set up where customers can pick up the
ordered goods (Hiibner et al,, 2016). Browne
etal. (2001) in CDPs include workplace, and
McKinnon and Tallam (2003) include all
points except the customer residence. Some
authors (e.g. Lim et al,, 2018) in last mile
delivery via CDPs include the collection
of the ordered goods by the customer from
the facility/store where it is picked “click &
collect”). However, this concept is not a form
of home delivery, because it does not imply the
involvement of supplier or a third party in the
implementation of delivery process, but only
the customer. Thus, store has the function
of CDP for home delivery only as a place of
delivery of goods that are picked at another
location. The listed facilities in which CDPs
can be located are usually very numerous and
territorially evenly distributed, especially in
urban areas, and as such suitable for CDPs,
because they are close to a large number of
customers. Higher demand for delivery to
CDPs could contribute to an increase in sales/
revenue of the retailer in whose stores CDP
is located (Weltevreden, 2008; McKinnon
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& Tallam, 2003), which in turn could reduce
commission for facility use (Wang et al,, 2014).

Unattended CDPs (unmanned CDP,
automated pack stations, automated parcel
machines, parcel lockers) are locations
where automated reception and storage
of goods is performed until the moment
when the customer picks it up, using the
order reference code. Goods are stored in
lockers or containers, based on automated
warehousing and picking systems such
as those in factories and warehouses for
small goods (e.g. spare parts, magazines)
(Daduna & Lenz, 2005; McKinnon &
Tallam, 2003; Merz, 2002). Unattended
CDPs can be stationary or mobile (Yuen et
al., 2018). Stationary CDPs can be located
in households or in public places: railway
stations, car parks of companies, inside
or next to petrol stations, supermarkets,
post offices, universities (Kimiriinen
& Punakivi, 2002; McLeod et al.,, 2006;
Weltevreden & Rotem-Mindali, 2009).
Mobile CDPs are actually automatically
guided vehicles with lockers, which at the
initial location receive goods and transport
them to locations in the immediate vicinity
of the customers (Joerss et al., 2016; DHL,
2014). Major logistics service providers in the
world have implemented unattended CDPs
(Zhou et al.,, 2020; Ghajargar et al., 2016).
Unlike attended CDPs, where the collection
of goods is conditioned by working hours,
mobile and stationary unattended CDPs
installed outside facilities allow the customer
to collect the goods at any time (Zhou et al,
2020; Browne et al., 2001).

The benefits of using CDPs are numerous,
from the perspective of all stakeholders
(Zhou et al.,, 2020; Chen et al., 2018; Yuen
etal, 2016; McLeod et al., 2006). From the
supplier’s perspective, this model minimizes

the number of failed home deliveries, thus
reducing costs. Also, deliveries to CDPs
enable the consolidation of goods, better
utilization of means of transport, reduction
of vehicle-kilometers traveled and energy
savings (Gevaers et al,, 2009). Consolidation
of transport flows to and within urban areas
canlead to faster and more reliable deliveries
(Visser & Nemoto, 2003). It also reduces
congestion on roads, demand for parking
in residential areas, harmful emissions and
improves community functioning (Chen et
al,, 2017; Van Duin et al., 2016). According
to Edwards et al. (2010b), by applying CDPs
carbon emissions can be reduced by up to
83%. There are numerous benefits to using
CDPs from a customer perspective as well.
Delivery services to CDPs eliminate the
need to wait for delivery at home (Agatz et al,,
2011). Highly developed networks of CDPs,
such as those owned by some companies in
Germany and France, allow customers to
pick up ordered goods quickly and easily
(90% of the population can reach CDPs in
10 minutes) (see Morganti et al., 2014b).
Customers often cover short distances on
foot or by bicycle, which is an additional
benefit from a social and environmental
point of view. Finally, using CDPs as
an alternative delivery end point brings
significant benefits. The distance traveled
by the customer after a failed home delivery
to pick up the goods can be reduced by 80%
by using CDPs compared to the trip to the
supplier’s LC that is usually realized in such
situations (McLeod et al., 2006).

On the other hand, there are problems and
negative effects of the using and development
of CDPs networks. Although using CDPs
can significantly improve delivery efficiency
(Punakivi & Tanskanen, 2002), many
companies that have implemented this
system have failed (Fernie & McKinnon,
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2009). Insufficient geographical coverage,
i.e. asmall number of CDPs in some areas is
caused primarily by the desire of suppliers
to independently (or by hiring a logistics
provider) make a complete delivery to
the customer’s home address, to maintain
brand image and identity and be competitive
(Browne et al.,, 2001). Insufficient coverage
can also be caused by legal restrictions.
Thus, security regulations in France prohibit
leaving packages unattended in automated
lockers, due to the possibility of terrorism
(Morganti et al., 2014b). Although an
increase in the number of CDPs reduces
the distance traveled by customers, it does
increase the distance traveled by suppliers,
as well as the cost of building or renting and
maintaining facilities. Taking into account
investment costs, Joerss et al. (2016) predict
that deliveries to CDPs are unlikely to have
amajor impact on the market. On the other
hand, Ghajargar et al. (2016) state that these
costs can be offset by savings generated
by sufficient demand and consolidation
of goods. Significant implementation
challenges also relate to problems with high
parking demand and the potential increase in
congestion in areas around CDPs (McLeod
etal,, 2006). Finally, there is still insufficient
customer interest in such a delivery
model, which can only be profitable with a
sufficient level of demand and an adequate
price (Kimirdinen & Punakivi, 2004).
The need to travel to CDPs significantly
reduces the convenience of home shopping
and is acceptable to only a small number of
customers (McKinnon & Tallam, 2003).
Therefore, despite the numerous benefits of
using and the developed network of CDPs
in some countries (Winkenbach & Janjevic,
2018), customers most often opt for delivery
to home address (Weltevreden & Rotem-
Mindali, 2009; Morganti et al., 2014b; Yuen
etal.,2018). Some research shows that there
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are still prospects for mass acceptance of this
solution. According to research (McLeod
et al, 2006), 83% of delivery service users
would consider using CDPs. Joerss et al.
(2016) note that about half of customers
are willing to accept this method of delivery
provided it is cheaper than delivery to home
address (by $ 3). In the future, companies
must encourage customers in various ways to
use this delivery model (e.g. by reducing the
price for delivery to CDPs; Visser et al,, 2014),
in order to achieve greater profitability.

The end point of delivery can also be alocal
drop-off company/agent. Local drop-off and
delivery is an extension of the CDPs service,
because in addition to receiving, companies
also deliver goods to the customer’s home
address (Fernie & McKinnon, 2009;
McKinnon & Tallam, 2003). Therefore,
this concept will be described in the next
subsection, which refers to the delivery
executors.

2.6. Executor of Delivery

Home deliveries also differ in relation to the
executor (Fig. 7). The number and type of
executors depend on the starting and end
point of delivery. Direct deliveries to the
home address are usually organized by one
entity, and atleast one other must be involved
in the execution of indirect deliveries. Direct
delivery to the home address and deliveries
to other points can be realized by supplier:
retailer, retailer’s supplier (wholesaler)
or manufacturer, either independently or
by hiring a third party: logistics provider
(Allen et al., 2007) or crowd-worker (Wang
et al., 2016). Delivery of goods to the home
address from other delivery end points can be
realized by different entities. The customer
delivers the goods delivered to the workplace
orin the trunk of his own car. The neighbor
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who received the goods can also deliver it
to the customer or wait for him to pick it
up. From the CDP to the home address, the
goods are usually delivered by the customer
or crowd-worker, and drop-off companies
deliver the goods they receive. A special
form of delivery is humanitarian delivery,
which can be realized by charitable, social
and local government organizations (Cairns,

1996). It is most often provided to persons
whose mobility is disabled or hindered (old,
disabled, sick, persons in inaccessible rural
areas with poor infrastructure, etc.), but
also in conditions of limited movement due
to weather disasters, pandemics, war, etc.
Although this delivery has a significant social
role, it will not be discussed in more detail
in this paper.

Delivery executor

| Supplier (insourcing) | | Third party (outsourcing) | | Drop-off company | | Neighbour | Customer | Charitable,
social and local
1 J E_ﬂ\'t_‘T]]l]]L“J]l
Retailer Manufacturer I_Ogjs-“.‘:3 Crowd- Executors of the III!H] segment of delivery oreamzAt fons”
Wholesaler provider worker 7 : & FUTER

| CEP || Postal operators |

Fig. 7.
Executors of Home Deliveries

Retailer, wholesaler or manufacturer can
realize the delivery with their own resources
(insourcing, in-house delivery). In that
case, they must bear the investment and
maintenance costs of the vehicle fleet. This
model is often applied by companies that
operate on the physical and online channel
(Vanelslander et al., 2013) and which can use
existing resources, but also many e-retailers
(Winkenbach & Janjevic, 2018). Logistic
outsourcing is avoided by companies that
sell goods with specific logistical demands
(e.g. groceries), because traditional providers
are often not able and equipped to realize
the delivery of such goods (Hausmann et
al.,, 2014). Insourcing enables complete
control of companies over the organization
and realization of the delivery process. Also,
by branding vehicles and work uniforms of
drivers, a positive promotional effect can
be achieved.

* executors of humanitarian delivery, which is not analyzed in this paper

However, companies are much more
likely to hire logistics providers to deliver
(outsourcing) (Iwan et al., 2016; Punakivi
& Saranen, 2001). These are national postal
operators, global integrators, courier, express
and parcel services (CEPs), general freight
carriers, etc. (Morganti et al.,, 2014b; Daduna
& Lenz, 2005). Companies hire professional
executors for logistics tasks, having in mind
their experience, qualified workforce and
technology, in order to reduce their own
capacities, perform exclusively core business,
achieve logistics efficiency, timely delivery
and customer satisfaction (Langley, 2019).
Also, alogistics provider usually manages
large quantities of goods, consolidates
goods and has a distribution network
that covers a larger area, which enables a
reduction in delivery costs (Visser et al.,
2014; Vanelslander et al., 2013). However,
many logistics providers do not provide
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home delivery services due to numerous
operational problems and high costs (Tadi¢
etal, 2015). The development of e-commerce
and home delivery has significantly increased
the activity of CEPs (Tadi¢ et al., 2015;
Hesse, 2002; Esser & Kurte, 2005; Park et
al., 2016). Because CEPs often have small
capacities to be adequate partners for
large suppliers, local CEPs often pool their
capacities on brokerage platforms in order
to form a flexible CEP network (Hausmann
et al.,, 2014). Cooperation of CEPs and
optimization of the distribution network
contribute to solving the problems caused by
the increase in the movement of commercial
vehicles (Fusco et al., 2003; Taniguchi et
al., 2003). However, it should be borne in
mind that the cooperation of companies
with CEPs is economically justified only
with the realization of sufficient demand
(Park et al., 2016).

The concept to which more and more
attention has been paid in recent years is
crowdsourcing. It implies outsourcing of
logistical tasks to individuals, who perform
them with the help of their own resources
(means of transport, household storage
space, transshipment resources, etc.) (Tadi¢
& Veljovié, 2020a; Carbone et al., 2017).
This concept is considered in the context
of solving logistical problems in urban areas
(Mehmann etal., 2015), but also in rural areas
(Tadi¢ & Veljovié, 2020a; 2020b), where
this concept can be especially important for
supplying the old population. Many large
companies hire crowd-workers to make
deliveries (Arslan et al, 2018). Expressing and
accepting delivery requests can be realized
through crowd-logistics mobile applications
and social networks (Devari et al., 2017;
Dablanc et al,, 2017). The delivery fee can be
in cash or in the form of a discount provided
by the supplier (Hiibner et al,, 2016). Crowd
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delivery has a number of advantages. The
main advantage is the number and territorial
dispersion of potential executors of deliveries
and flows that they realize every day. This
allows for increased speed and flexibility of
delivery, reduced operating costs and the
elimination of fleet investment costs. Also,
the number of failed deliveries and negative
environmental impacts are reduced (Wang
etal, 2016). Applying the crowd delivery
concept achieves economic benefits for all
parties involved (Mehmann et al,, 2015). This
delivery is most effective in conditions of
fluctuating demand on a daily and long-term
basis (Joerss et al., 2016). Since one worker
usually realizes only one or several deliveries,
the communication channel is much more
efficient. However, there are a number of
disadvantages and challenges in applying
this concept. The main challenges relate to
reliability and security of delivery. Namely,
crowd-workers usually remain anonymous,
leading to unreliability and risk of theft of
goods. Therefore, it is necessary to introduce
stricter verification of the identification
of executors and enable the customer to
track the shipment in real time (Wang et al.
2016). These problems can also be solved by
hiring well-known crowd-workers (relative,
friend, associate, neighbor, etc.) (Devari et
al,, 2017). Also, it is necessary to solve the
problems related to legal restrictions in the
application of crowd delivery, which exist
in many countries.

In addition to complete delivery from
supplier to customer, crowd-workers can
realize deliveries from CDP to customer.
This model requires a smaller number of
CDPs and thus lower investment costs (Wang
et al., 2016). In addition to crowd-workers,
mobile unattended CDPs, i.e. automatically
guided vehicles with lockers could be used in
the future to deliver goods to the customer’s
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home address, Vehicles receive goods at
the initial location and transport them to
locations close to the customer (Joerss et
al, 2016; DHL, 2014).

However, the customer usually realizes
the delivery from CDP, as well as from the
workplace or neighbor’s household to the
home address. Customer most often seeks
to combine pick-up with other travel (e.g.
shopping tours, work-to-home trips, etc.)
(Weltevreden & Rotem-Mindali, 2009) to
reduce distance traveled, costs and time lost.

The last part of the delivery can be realized
by drop-off companies and local agents.
Drop-off companies receive, store and deliver
goods to the home address of customers in
the local area. After receiving the goods,
the company notifies the customer and
asks to specify the time window within
which the goods can be delivered (Fernie
& McKinnon, 2009). This concept is most
commonly applied to delivery in remote
and rural areas (Browne et al., 2001). In an
identical way, local agents (individuals, i.e.
households) participate in home deliveries.
They collect and forward customer orders
(usually friends and neighbors) to supplier,
receive the goods and deliver them to home
addresses of customers at a convenient time.
This concept has been used in the past by
mail order companies, but has been less
important in recent decades (McKinnon &
Tallam, 2003).

2.7. Reception Method and Security of
Delivery

The criterion according to which the
classification of home delivery models is

most often performed is the method of
receiving goods, i.e. the presence of the
customer. This classification is one of the
most important both in terms of costs and
service levels (Vanelslander et al., 2013;
Agatz et al. 2008a; Boyer ef al., 2005). The
basic division of deliveries is into attended
and unattended delivery, within which
there are different models (McKinnon &
Tallam, 2003) (Fig. 8). Types of attended
deliveries differ primarily in terms of
time of realization (subsection 2.9.), and
unattended deliveries differ in the end
point, applied solutions and level of security.
Security is one of the most important
characteristics of delivery. Security/
safety risks are related to endangering: the
integrity and quality of goods, property
and members of the household and the
environment. Stealing of goods is one
of the basic risks. Securing goods from
stealing is most often achieved by using
multi-sensor devices deeply integrated
into the shipment and appropriate tracking
software (Ghajargar et al,, 2016). Also, goods
should be protected from harmful physical,
chemical and biological influences in order
to preserve their quality. The security of
property and household members can
most often be endangered by malicious
people who work as delivery executors or
present themselves as such. Through long-
term cooperation, acquaintance and trust
between the customer and the supplier, such
problems can be eliminated. Safety risks in
relation to the environment relate primarily
to possible accidents during transport in
densely populated residential areas. The
delivery options according to reception
method and their basic characteristics from
the aspect of security are described below.
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| Reception method
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Attended delivery |

|
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Secured delivery
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Reception Delivery Home Vehicle

Mailbox N
box box access access

Delivery to other points {CDP,

Disposal of goods Disposal of goods
in front of the door in a secret place

neighbour, workplace, efc.)

| Integral box | | External box

Fig. 8.
Reception Methods in Home Delivery
Source: based on (McKinnon & Tallam, 2003)

In the case of attended delivery, the customer
must be at the end point (usually the home
address) during the realization of the
delivery, in order to receive the goods and
(or) enable the realization of additional
services (assembly, installation, personal
services, etc.). Depending on the type of
goods, this reception method is desirable in
some situations, and in some even necessary
(subsection 2.11.). Attended delivery has
advantages and disadvantages. It allows
the supplier to interact directly with the
customer (Hiibner ef al., 2016). Applying
this model simplifies payment, which can
be made upon delivery. Also, customers
can check the correctness of the goods and
make complaints, which usually simplify
the management of return flows (Tadié &
Veljovi¢, 2020¢; Daduna & Lenz, 2005).
However, a significant number of customers
do not use delivery services precisely
because they require staying at home and
waiting (Fernie & McKinnon, 2009). A
large number of attended deliveries are
realized unsuccessfully due to the absence
of the customer (Gevaers et al,, 2009). There
are also significant security challenges.
Customers often do not know the delivery
executors, so the persons who presented
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themselves as executors committed many
criminal acts (Kim et al., 2014).

The problem of the customer’s dependence
on delivery deadlines can be overcome
by applying unattended deliveries. The
basic division of unattended deliveries
is into unsecured and secured deliveries
(McKinnon & Tallam, 2003), but also
within these categories there are models
that are characterized by different levels
of security. Unattended deliveries can be
used as a substitute for attended deliveries
or after an unsuccessful attempt to realize
them, in order to avoid the realization of
return flows (Tadié & Veljovié, 2020c) and
possible re-deliveries.

Unsecured unattended delivery involves
placing the goods in front of the customer’s
door or in a secret place known only to
the customer and the supplier (Morganti
et al., 2014b; Fernie & McKinnon, 2009;
McKinnon & Tallam, 2003). This delivery
model allows for abuse by the customer (e.g.
the customer has taken over the goods but
informs the supplier that he has not), the
supplier (e.g. the supplier has not delivered
the goods but informs the customer that



International Journal for Traffic and Transport Engineering, 2021, 11(1): 30 - 74

he has) or other persons (e.g. passers-by,
neighbours or persons following the supplier
with the intention of stealing the goods,
burglars who can conclude on the basis of
storing the goods in front of the door that the
customer is not at home, etc.) (McKinnon
& Tallam, 2003). Also, temperature and
weather conditions can negatively affect
goods stored outside the house (Reyes et al,
2017). Nevertheless, companies that offer
this delivery model to customers claim that
it does not cause serious problems and also
significantly reduces the number of failed
deliveries (McKinnon & Tallam, 2003).
Criminal activity is likely to increase with
more extensive application of this delivery
model.

Secured unattended delivery can be realized
in various ways. The following concepts will
be described below: access to household
facilities or means of transport, application of
traditional mailboxes, reception and delivery
boxes.

The customer can allow delivery person to
independently access the household facilities
(usually auxiliary; McKinnon & Tallam,
2003), applying modern technologies and
informing the customer about the realization
of the delivery. Delivery person can put the
goods in the desired place in the facility
(e.g. in the refrigerator or freezer) (Langley,
2019). Although this system can increase
productivity and reduce delivery time,
some companies that have implemented
this model have failed (Fernie & McKinnon,
2009). Also, security and privacy risks
need to be addressed (theft of goods by
delivery persons, burglary, theft of customer
property, etc.) (McKinnon & Tallam, 2003).
These risks could be overcome by applying
a system of monitoring delivery person or

by applying other reception methods that
exclude access to facilities.

The goods can also be delivered to the trunk
of the customer’s car. Some companies
provide this service to customers who
own adequate vehicles. Security and
communication technologies that allow
the delivery person independent access to
the trunk are integrated into the latest car
models (Reyes et al., 2017). The end point of
delivery differs in relation to the location of
the vehicle (home address, workplace, etc.).

Reception method, which has been present
in practice for a long time, is delivery to the
mailbox. In this way, small goods can be
delivered to the customer. Also, the goods
that are delivered to the mailbox usually
have a low value, since there is a possibility
of simple burglary and theft.

The reception box has an identical function
as amailbox, but with additional possibilities
in terms of access, delivery size and storage
conditions. A reception box is a refrigerated,
customer specific reception box, installed in
the customer’s facilities or yard (Punakivi
etal, 2001). Access to the reception box can
be provided in various ways. Early models
had akeyboard that allowed communication
with the vendor service center and could
be activated by a PIN code issued to the
delivery person, but in order to reduce
costs most companies stopped using such
a system (Fernie & McKinnon, 2009). The
reception box usually consists of three
chambers, which maintain a temperature
suitable for ambient, refrigerated and frozen
goods. The application of the reception
box usually implies a stronger connection
between the customer and the supplier.
Reception boxes, which are often sold and

s jjtte



Tadi¢ S. et al. Home Delivery: A Framework for Structuring

installed by the suppliers themselves, are
usually used for regular scheduled deliveries
of groceries and in that way provide the
supplier with customer loyalty. There are
two types of reception boxes, integral and
external (McKinnon & Tallam, 2003).
Integral reception box is an integral part of
a household facility, which can be built in
during construction or later upgrades (Fernie
& McKinnon, 2009). It is sometimes set up
to allow access to the delivery person on
one side and to the customer on the other,
directly from the kitchen (McKinnon &
Tallam, 2003). In addition to receiving, the
reception box can be used for storage (Wang
etal,2014). In the case when it is connected
to the kitchen, it can serve as a replacement
for a pantry, refrigerator. The supplier can
then monitor the customer’s inventory
without access to the facility and provide
him with a delivery service according to the
VMI concept (subsection 2.1) (Smaros &
Holmstrom, 2000; Kiméiriinen et al., 2001a;
Kimairdinen & Punakivi, 2002). The integral
reception boxes are still insufficiently
applied. The main reason is high investment
costs (Kdmiriinen & Punakivi, 2002). Some
companies have gone bankrupt because
they failed to recoup the funds invested in
the reception boxes of customers (Agatz et
al.,, 2008b). The main security challenge
of this system is facilitated access to
burglars (McKinnon & Tallam, 2003). A
more favorable solution from the aspect of
costs and security is an external reception
box. The installation of the external box
does not require structural changes in the
household. These boxes are usually made
of tough composite materials and/or metals
and are tightly attached to the ground or
external wall (McKinnon & Tallam, 2003).
They are suitable in situations where the
customer wants to disable direct and indirect
access to facilities, due to the high value of
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the property (Wang ef al., 2014). Security
risks relate exclusively to the contents of the
box. The investment of a reception box can
only be justified when the customer regularly
uses the home delivery service (Fernie &
McKinnon, 2009). Also, the possibility of
using a reception box depends on the degree
of urbanization of delivery area and the
independence of the household (subsection
2.8) (Tadi¢ & Veljovi¢, 2020a; Boyer et al.,
2009). As the use of individual reception
boxes is not possible in collective housing
facilities, in this case cabinets composed of
several reception boxes (communal/shared
reception box) are used, located within the
common space of the residential building.
This solution is identical to the unattended
CDP and uses technology similar to luggage
lockers applied at railway stations and
airports around the world (McKinnon &
Tallam, 2003).

The delivery/thermo boxis another solution
for unattended delivery. It is an insulated
secured box equipped with a docking
mechanism (Punakivi ef al,, 2001). Some
authors consider this solution as a mobile
reception box (McKinnon, & Tallam,
2003; Wang et al., 2014). The supplier fills
the delivery box on its premises, delivers
it to the customer’s home address and
attaches it to the external wall (McKinnon
& Tallam, 2003). Also, in some cases, the
box is connected to an electronic device,
similar to an intercom, using a steel cable
(Fernie & McKinnon, 2009). In residential
buildings, where such disposal is difficult,
the box can be stored in common areas or
at the porter of the building (Hays et al.,
2005). Delivery boxes are also often used
for regular scheduled deliveries, whereby
during delivery is taken over the box from
the previous delivery and thus at the same
time return flows are realized (subsection
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2.10.) (Tadié¢ & Veljovi¢, 2020c). Punakivi
et al. (2001) found that when integrating
deliveries and return flows, the operating
cost of using a delivery box is at the same
level as with a reception box. According to
research (Kimairiinen et al, 2001a; Punakivi
& Saranen, 2001; Punakivi et al., 2001), the
operating costs of unattended delivery using
areception or delivery box are lower than in
the case of attended deliveries with defined
time windows. However, the high investment
costs of using a reception and delivery box
should be borne in mind (Kimiriinen &
Punakivi, 2002). Also, in the case of attended
delivery, costs may be increased due to
the implementation of additional services
(Punakivi & Saranen, 2001). However,
although it offers a number of benefits, the
delivery box system has not proven to be
commercially viable in the B2C market after
supermarkets in some countries tested its
application (Fernie & McKinnon, 2009).

Unattended deliveries also include deliveries
to other end points (neighbor’s household,
workplace, CDP, etc.) where the customer
is not present at the time of delivery (Fernie
& McKinnon, 2009; McKinnon & Tallam,
2003; Punakivi, 2003). Although deliveries
are made without the presence of the
customer, other persons may participate in
the receiving goods (CDPs staff, neighbor,
local agent, employee of the company in
which the customer is employed). The
advantage of the presence of a person at the
receiving goods is to ensure the physical
transfer of them and the creation of paper or
other evidence of reception and delivery of
goods. On the other hand, it is the presence
of staff that increases the possibility of theft
or fraud. Due to high attendance, attended
CDPs are very risky. The risk depends on a
number of factors: nature of the premises,
working hours, geographical location, the

administrative procedure for recording
the arrival and departure of goods, storage
facilities, staffing policy and the volume of
orders handled (McKinnon & Tallam, 2003).
Most stores, gas stations and other places used
as CDPs do not have secure storage space for
non-food products of higher value (which are
most often delivered to CDPs), because they
usually sell other types of goods. Security
problems could be solved by installing secure
warehouses, applying modern technologies
and rigorous user authentication procedures.
In the case of unattended CDPs, there are no
listed staffing risks, but it is also necessary
to implement security systems that prevent
misuse or theft. Although introduced to
improve service levels, complex security
procedures can overburden customers and
discourage them from using CDPs for delivery
(Yuen etal, 2018).

2.8. Delivery Area

The delivery area can be considered from two
aspects, coverage and degree of urbanization,
i.e. demand density (Fig. 9). In terms of area
coverage, deliveries are divided into local,
regional, national and international/global
(Hiibner et al., 2016; De Koster, 2003).
Coverage of the delivery area is related
to a number of factors: market situation,
distribution network structure, degree of
outsourcing and efficiency of executors,
sales channels, type of goods, etc. A supplier
who plans to offer a delivery service in some
market must have a potentially high demand
in order to achieve profitability. He must also
provide a developed distribution network,
either independently or by hiring a logistics
provider. The local deliveries are usually
realized by supplier independently, while
for deliveries in a wider area (especially
global ones) one or more logistics providers
are usually hired (De Koster, 2003).
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With the expansion into new markets,
numerous challenges and problems arise:
new delivery codes in the information
system, transformation of the operation of
sorting systems, new marking system for
shipment, documentation in other languages,

ignorance of international import duties
and taxes, etc. Small number of companies
has a global distribution network and the
ability to overcome these challenges, which
complicates and geographically limits the
organization of global deliveries.

Delivery area

Degree of urbanization
1

[ |

| Local

| | Regional | | National | |

Global | | Urban | | Rural |

Fig. 9.

Coverage and Degree of Urbanization of Home Delivery Area

One of the key characteristics of home
delivery is the demand density, i.e. the
number of customers in a certain area
(Vanelslander et al., 2013). Demand density
is a major factor in pricing different delivery
models (Yrjold, 2001; Boyer et al., 200S5;
Joerssetal,, 2016). The spatial concentration
of customers enables the unifying of their
requirements in order to achieve efficiency
and economic profitability of deliveries.
Therefore, suppliers try to attract customers
from the same area (Kimiriinen & Punakivi,
2002). As demand density increases,
efficiency increases and last mile delivery
costs fall (Boyer et al., 2009), but only to
a certain level (Vanelslander et al., 2013).
Demand density varies according to the
degree of urbanization, population size
and density. Higher population density or
concentration of households in the urban
area provides significantly higher efficiency
of routing vehicles in delivery than in the
case of very distant households from each
other in the rural area (Tadié & Veljovi¢,
2020a; Boyer et al., 2009). For this reason,
deliveries directed to rural areas can be
three times more expensive than urban
ones (Boyer et al,, 2009; Gevaers et al,, 2014).
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Also, traffic conditions differ significantly,
given the much more numerous flows and
potential congestion in urban areas. Finally,
most home delivery companies are located
in cities.

In addition to these, the efficiency,
characteristics and quality of delivery in
different areas can be affected by numerous
other factors: the starting point, the end
point, the method of receiving goods, etc.
In a mature e-retail market, dedicated LC
can be a starting point for deliveries in urban
areas, while stored based picking is more
efficient for supplying rural areas (Fernie
& McKinnon, 2009). The workplace is the
end point most often in urban areas. CDPs
can cover urban, suburban and rural areas
(Morgantietal, 2014a). Attended CDPs are
most commonly found in stores in densely
populated urban areas, while, due to the small
number of such facilities, unattended CDPs
are more commonly located in rural areas
(Hiibner et al., 2016). The exceptions are post
offices, which also are CDPs in rural areas
(Browne et al.,, 2001). The average customer
distance from CDPs usually decreases with
population density, so it is higher in rural
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areas than in urban areas (Morganti et al.,
2014b). Although they also function in rural
areas, deliveries to CDPs are usually more
economically successful in areas that offer
high demand density (Browne et al.,, 2001).
Household characteristics as end points
have a particular impact on deliveries in
different areas (Tadi¢ & Veljovié, 2020a).
Typical households in the inner city area
are usually part of multi-story buildings for
collective housing. Such facilities have a
common infrastructure (entrance, hallway,
elevator, etc.), which can affect the manner
and time of delivery. They are not suitable for
the use of individual reception and delivery
boxes (Daduna & Lenz, 2005), so in this case,
community reception boxes are most often
used (Punakivi & Tanskanen, 2002). On the
other hand, households in suburban and rural
areas are most often independent buildings
with ayard and have direct access to public
roads. Such households are, from the aspect
of convenience and security of delivery,
much more suitable for unattended variants
of receiving goods (Tadi¢ & Veljovié, 2020a;
Wang et al., 2014; Boyer et al., 2009). The
structure of goods and frequency of delivery
depend on the functions of the household.
Urban and suburban households can have a
residential or residential-business function,
and rural households can also be used for
agricultural production. Agricultural
production can provide rural households
with some goods for everyday consumption,
while urban and suburban households must
procure all consumer goods. On the other
hand, rural households generate demands for
goods needed for the process of agricultural
production.

Home deliveries are most often related to
cities, as a large proportion of them have
a starting or end point in urban areas
(Browne et al.,, 2001). In countries with

underdeveloped e-commerce, delivery
services are usually provided only in the
central zones of large cities. A large number
of papers analyze e-commerce and home
delivery in the context of urban areas
(Dablanc et al., 2017; Visser et al., 2014;
Gevaers et al., 2014; Durand & Gonzalez-
Feliu, 2012). Not only the increase in home
delivery number, but also the development of
city logistics as a scientific discipline during
the last decades contributes to the growing
interest in home delivery in the context of
urban areas. Relatively short travel distances
and the use of smaller vehicles are the main
similarities between home delivery and
traditional delivery to commercial facilities
in the city, but there are also significant
differences in terms of shipment size and
delivery end points (Visser et al., 2014).

B2C e-commerce and home delivery are
increasingly expanding beyond urban areas.
In some countries, rural areas generate more
deliveries per capita than urban ones, but
the total number of deliveries is higher in
urban areas due to higher population size
(Cardenas et al., 2017; Clarke et al., 2015).
In these countries, the number of vehicle-
kilometers traveled in deliveries in urban
and rural areas is almost identical (Cardenas
et al., 2017), which is a consequence of the
large mutual distance of delivery end points
(households) in rural areas. On the other
hand, the decrease in the number of vehicle-
kilometers traveled during traditional
shopping due to the transition to online
shopping is most pronounced in rural areas,
as households are further away from stores
(Weltevreden & Rotem-Mindali, 2009).
Numerous problems arise with deliveries
in rural areas. Poor infrastructure and
inaccessibility of the terrain, unfavorable
weather conditions can significantly hamper
deliveries, especially in mountainous rural
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areas. Also, finding the end point of delivery
can be difficult due to incomplete customer
address information (Browne et al., 2001).
In such circumstances, delivery executors
are often local postal services, charities,
social and local government organizations,
mountain rescue services, but can also be
crowd-workers (Tadié & Veljovié, 2020a,
2020b) or informal groups of individuals
and households.

2.9. Speed and Time of Delivery

Home delivery can be realized in different
ways from the aspect of speed and time of
delivery. Delivery speed refers to the time
between ordering and receiving goods
(delivery lead time), and the delivery time
is the moment or period when the delivery
should be made. From the aspect of speed,
there are multi-day, next-day, the same-
day and instant delivery (Winkenbach &
Janjevic, 2018; Hiibner et al., 2016; Xu et al.,
2008) (Fig. 10). In terms of time, deliveries
are divided into defined and undefined
(Hiibner et al., 2016; Allen et al,, 2007) (Fig.
11). The speed and time of delivery depend
on a number of factors, but the type of goods
and costs are crucial for customers (Joerss et
al, 2016). They are considered mainly in the
case of attended delivery to home address,
because this concept of delivery implies
the greatest dependence of the customer
on the time of delivery. The conflicting
goals of the customer and the supplier are
most pronounced in terms of speed and
time of delivery. On the one hand, these
characteristics have a significant impact on
the quality of service. Customers usually
want fast, time-defined delivery, because
otherwise they have to stay longer at their
home address. According to research (see
Hausmann et al., 2014), for 28% of customers
speed is the most important characteristic
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of delivery (has the largest share in addition
to the delivery price), and for 11% it is the
flexibility of delivery time. Therefore,
time and speed are the main factor in the
competition of companies that provide
delivery services (Yaman ef al., 2012). On
the other hand, short deadlines and precise
defining of delivery time negatively affect
planning, efficiency and delivery costs. Over
50% of homes are empty between 9 a.m. and
4 p.m., making delivery impossible for most
of the delivery executor’s working hours
(Browne et al., 2001). Most e-commerce
customers want goods to be delivered
between 6 p.m. and 8 p.m., from Thursday
to Sunday (see Xu et al.,, 2008). This leads
to demand peaks on a daily and weekly
basis, which make it much more difficult
for supplier to organize deliveries. At the
same time, the realization of deliveries
depends on environmental conditions, traffic
(time of peak load, congestion) and legal
regulations related to the time of delivery
(Tadi¢ & Zec&evi¢, 2016). Also, the speed
and time of delivery are affected by the
peaks that the supplier has on an annual
basis, i.e. seasonal and demand related to
certain events (holidays, discount days, etc.)
(Lee & Whang, 2001). Problems caused by
demand peaks can be avoided by agreeing
and aligning customer and supplier goals
in terms of speed and delivery time. The
delivery options that the supplier can offer
to the customer are described below.

Speed is one of the basic parameters of
service quality and, in addition to costs, is
a crucial factor for the success of delivery
(JDA & Centiro, 2017; Xing & Grant, 2006).
The speed of delivery depends on the type
of goods, the structure of the distribution
network, picking point and technology,
delivery area, executor of delivery, the level
and density of demand, the ordering system,
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etc. The characteristics of some types of
goods (time-sensitive, perishable goods,
etc.) affect the necessity of fast delivery,
while other types of goods do not generate
such requirements (Tadi¢ & Veljovi¢, 2020d)
(subsection 2.11). The structure of the
distribution network must be adjusted to
the fast delivery services (instant, same or
next day delivery). The closer picking point
is to the customers, the greater the possibility
of realization of fast deliveries (Lim et al.,
2018). Therefore, the picking of goods that
need to be delivered in a short period of time
is often done in stores. However, as picking
point approaches the customer, the risks
associated with stock decentralization arise
(Netessine & Rudi, 2006). Delivery speed
can also be increased by applying automated
picking in LCs. The delivery area also has a
significant impact on delivery speed. Local
deliveries can be realized instant, same or
the next day, but global deliveries require a
much longer deliverylead time, which can be
up to several months. The speed of delivery
also depends on the delivery executor.

The time between ordering and receiving
goods is the longest with postal operators,
slightly shorter with package operators and
supplier who independently deliver, and the
highest efficiency is achieved by local courier
services and crowd-workers (Winkenbach
& Janjevic, 2018; Hausmann et al., 2014;
Visser et al,, 2014). Longer deliverylead times
are most often caused by the consolidation
of goods, i.e. waiting for the completion
of the route (Agatz et al, 2008b). Delivery
speed also depends on the time of ordering.
Thus, some companies deliver on the same
day goods ordered before 8 a.m., and goods
ordered after those are delivered the next
day (Hays et al,, 2005). Delivery speed may
also depend on legal restrictions. In some
countries, delivery must be made within the
statutory timeframe, unless the customer
approves a later delivery (Browne et al.,
2001). Finally, the speed of delivery depends
on the level and density of demand, because
fast deliveries are usually not profitable if
the number of customer requests in some
area is insufficient.

Delivery speed

| Multi-day delivery | | Next-day delivery

Same-day delivery | l Instant dlivery

Fig. 10.

Classification of Home Delivery Models from the Aspect of Speed

Hausmann et al. (2014) point out the
evolutionary development of home delivery
from the aspect of speed. The oldest model
involves delivery a few days after ordering
(multi-day delivery) and was originally
used by mail order companies. Today,
this model is also applied by e-commerce
companies, especially for non-food
products. Many companies receive orders
one week and deliver goods to customers
the next (Campbell & Savelsbergh, 2006).

Although fast delivery services have been
developing more and more in recent years,
in many situations speed is not a priority
for customers. Research shows that free or
discounted delivery, free returns, monitoring
and security of delivery, and the ability to
define delivery windows are often more
important than speed of delivery (IMRG,
2019; JDA & Centiro, 2017; Dablanc et al.,
2017; Joerss et al.,, 2016). Such customer
preferences also benefit suppliers, as

55 jjtte



Tadi¢ S. et al. Home Delivery: A Framework for Structuring

increasing the time between ordering and
delivery can significantly contribute to
improving delivery efficiency by increasing
delivery density, reducing the total number
of tours required, and distance traveled
(Browne et al., 2001).

However, due to different trends (increase
in GDP per capita, rapid adoption of
e-commerce, urbanization, etc.), customer
expectations are directed towards ever
faster deliveries (Hausmann et al., 2014). A
large number of customers do not practice
online shopping precisely because of the long
delivery lead time (Joerss et al,, 2016). That
is why the companies started offering the
possibility of next-day delivery. This concept
requires a developed distribution network,
composed of LCs and numerous local points
(branches, agencies, stores, etc.) (Visser et
al, 2014). Next-day or two-day deliveries
are currently the industry standard in all
developed countries (Hausmann et al., 2014),
and their number is increasing from year to
year (Morganti et al., 2014b; IMRG, 2019).

The next evolutionary step for companies
is same-day delivery. Goods are delivered a
few hours after ordering or within the time
window during the same day. This concept
is suitable for customers with urgent needs
and lack of time, because it combines the
advantages of almost instantaneous goods
availability, which characterizes traditional
shopping, and remote ordering. It can
also encourage sales of both the existing
range of goods and categories of products
that are not normally sold online (e.g.
food products) (Hausmann et al., 2014).
That is why more and more companies are
introducing or planning to include this
conceptin their business. However, there are
anumber of challenges in implementation.
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Four prerequisites for enabling same-day
delivery need to be met (Hausmann et al.,
2014): (local) goods availability, real-time
inventory visibility/monitoring, fulfillment
capacity and flexible last-mile capability.
This requires further transformation of
the distribution structure, technologies
and operations, and significant investment
in IT and logistics infrastructure. At the
same time, it is necessary to reduce costs to
the level that customers are willing to pay.
Hausmann et al. (2014) state that customers
consider same-day delivery attractive if they
pay 7-8% of the price of the goods. Significant
factors influencing the success of same-day
delivery implementation are the level and
density of demand. Some companies that
established same-day delivery failed due
to low demand (Hausmann et al., 2014).
Therefore, only densely populated urban
areas with high demand and willingness of
customer to pay additional costs are eligible
for the establishing same day delivery.

Instant deliveries have the shortest time
between ordering and delivery of goods.
They are realized within two hours (Dablanc
etal,, 2017). Such delivery is often used by
restaurants and grocery stores, in order to
ensure the quality and freshness of the goods.
Due to the great variability of demand in
terms of time and location, couriers and
crowd-workers are considered the most
suitable executors of instant deliveries
(Joerss et al., 2016). They are economically
viable only over short distances (5-10 km),
which is why they are most often realized
in the inner city area (Joerss et al., 2016).
Apart from the area aspect, instant deliveries
are also limited in terms of delivery time.
In many countries, night deliveries are not
allowed, so the current needs of customer
for goods cannot be met at that time.
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Asmentioned, in terms of delivery time they
can be defined or undefined (Hiibner et al.,
2016; Allen et al,, 2007). Defining the delivery
time implies specifying the moment or time
window in which the delivery will take place,
which is determined by the agreement of
the supplier and the customer (Daduna &
Lenz, 2005) or the independent decision
of the supplier. In the case of undefined
deliveries, the customer does not know in
advance the delivery time (sometimes not
even the exact date). The moment or period
in which the delivery will take place directly
affects the level of service, as it determines
how long the customer must stay at home
waiting for delivery (Punakivi & Saranen,
2001; Kimiriinen & Punakivi; 2002). On
the other hand, delivery time decisions
can significantly affect the profitability
of delivery service companies (Campbell
& Savelsbergh. 2006). Delivery time is
usually defined when ordering goods, but
in some cases immediately before delivery.
Delivery time, possibility and moment of its
defining depend on various factors. One of
the factors is the coverage of delivery area.
For example, during international delivery,

the date and time of delivery are not known
reliably at the time of ordering, because they
depend on various factors: number, type
and efficiency of executors, picking point,
degree of consolidation of goods, etc. The
level and density of demand in some area
also significantly affect the delivery time.
Customers from urban areas that generate
higher demand can usually choose the day,
and in certain conditions the delivery time,
and in areas with lower demand the choice
is usually not possible, but delivery requests
are collected over time, so that after a certain
accumulated demand level, customers are
notified on the date and time when the
delivery will take place (Boyer et al., 2009;
Browne et al., 2001). The different level of
service in terms of time also depends on the
delivery executor and order picking point
(Vanelslander et al,, 2013). When the supplier
realizes delivery with its own fleet from its
own LC, it is often precisely defined in time
(time slotted delivery). On the other hand,
the logistics provider is less likely to use such
adelivery organization, because it is not easily
feasible when consolidating a large quantity
of goods ordered from different customers.

[

1

| Defined deliveries ‘ | Undefined deliveries

Time slotted or deliveries within
narrow time window

Deliveries within wide time
window

Fig. 11.

Classification of Home Delivery Models from the Aspect of Time

Supplier/delivery executor can, in agreement
with the customer, define the moment or the
narrow time window in which the delivery
will take place. This service is provided
by many companies, especially retailers of
consumer goods (Agatz et al,, 2011). The offer
of narrow delivery windows that provides

a high level of service is very attractive to
customers (Boyer et al,, 2005) and contributes
to their satisfaction (Hiibner et al., 2016).
Also, delivery failures can be avoided in
this way (Campbell & Savelsbergh, 2006).
On the other hand, there are a number of
challenges and problems. Greater freedom
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of the customer in defining the delivery
time can significantly reduce the possibility
for spatial and temporal consolidation of
customer requests in order to increase
the efficiency of delivery. Namely, if each
customer chooses the appropriate delivery
time window, the distances and costs
increased and delivery executor’s working
hours are extended (Punakivi & Saranen,
2001; Wang et al., 2014), and the possibility
of congestion and negative effects on the
environment increase. Also, the high demand
for certain time intervals and the variable
travel time of vehicles can make it difficult
to organize the delivery of goods within a
narrow time window (Agatzetal.,, 2011). The
complexity of organizing such deliveries
requires the application of information and
communication technologies and routing
software, which also further increases
costs. In addition, the increase in distance
traveled, costs and negative effects on the
environment may be contributed by the
absence of the customer, i.e. non-compliance
with the agreed delivery time (“ping-pong”
effect) (Punakivi et al., 2001; Geavers et al.,
2009; Edwards et al., 2009; Slabinac, 2015;
Devari et al., 2017). These difficulties and
additional costs also affect the increase in
the price of the service, which reduces the
popularity of this service among customers.

Therefore, companies strive to balance
marketing and operational aspects (Agatz
etal, 2011), expand time windows and more
evenly schedule deliveries within them.
Expanding time windows can significantly
reduce costs (Hiibner et al., 2016; Boyer et
al., 2009; Punakivi & Tanskanen, 2002),
as this allows for more efficient routing of
vehicles in delivery (Punakivi et al., 2001).
Companies offer customers various discounts
or incentives for choosing wider delivery
windows, as well as choosing windows and
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slots outside of peak demand, etc. Research
shows that customers are more influenced by
incentives for wider delivery windows than for
time slots (Campbell & Savelsbergh, 2006).

The highest efficiency of vehicle routing
and the lowest costs are due to undefined
delivery. The time window of such
deliveries is equal to the working hours of
the supplier/delivery executor (Gevaers
et al, 2009; Punakivi & Saranen, 2001).
Most companies provide customers only
with information about date of delivery,
which takes place between 9 a.m. and § p.m.
or 7 p.m. (Visser et al., 2014). This model
significantly facilitates delivery planning,
but negatively affects customer satisfaction
(Gevaers et al., 2009) and increases the
likelihood of their absence during delivery
(“not-at-home syndrome”) (Slabinac,
2015). Some categories of customers (e.g.
retirees, unemployed persons) do not have
to require a precise delivery date and are
ready to receive the goods at any time of
the day. Other customers can overcome this
problem by using a reception box or other
means of receiving goods at the home address
without the presence of the customer. In that
case, delivery can be realized at any time, in
accordance with the optimization of vehicle
routing, without the risk of delivery failure.
By combining time undefined delivery and
a reception box, significant savings are
achieved (Hiibner et al., 2016; Kimiriinen
etal., 2001a).

2.10. Return Flows

Home delivery can generate return flows of
goods, packaging and logistics units (Tadi¢ &
Veljovi¢, 2020c). Like delivery, return flows
that take place at the end of the supply chain
require complex organization and generate
high costs (Vanelslander et al,, 2013). Also,
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the realization of return flows contributes to
the increase in the volume of transport and
harmful emissions (Edwards et al., 2009). On
the other hand, return policy affects the level
of service, customer satisfaction and loyalty,
choosing the right supplier and selling goods
and is considered an important factor of
market competitiveness (Tadi¢ & Veljovi¢,
2020c). Having in mind their importance,
in the following, the characteristics of
the return flows of goods, and then of the
return flows of packaging and logistics units
used in home delivery, will be analyzed
in more detail. Also, the structuring and

Ordering system
Cost of return &
53

Type of goods &
Additional 174

services __-:_:.-.'
Time and speed of
delivery

Fig. 12.

Retumn flows of
goods in home
delivery

classification of return flows realization
models according to different criteria will
be performed.

In the context of return flows, returnability
is the network’s ability to process returned
goods (Chopra, 2003). Characteristics,
complexity of the organization of return
flows of goods and the return rate depend
on many factors (Tadi¢ & Veljovié, 2020c):
ordering system, starting and end point of
delivery, reception method, security, time
and speed of delivery, additional services,
types of goods, return prices, etc. (Fig. 12).

Starting point of
delivery

End point of
> delivery

Reception method

A
74

Security of goods
in delivery

Factors Influencing the Realization of Return Flows in Home Delivery

The ordering system has a significant impact
on return flows. Deliveries of goods ordered
remotely generate alarge number of returns
because customers do not have direct and
complete insight into the characteristics
of goods at the time of ordering (Tadi¢ et
al., 2015), so goods, that by type, quality or
quantity does not correspond to the order,
can be delivered to them, which causes their
dissatisfaction (Tadi¢ & Veljovi¢, 2020c). In
order to reduce the number of returns, the
concept of 020 (subsection 2.2) or personal
ordering in the stores is applied (Bernon et
al., 2016).

The realization of return flows largely depends
on the distribution network for the realization
of deliveries, so the end point of the return
flow often coincides with the starting point
of delivery (Tadi¢ & Veljovi¢, 2020c). As the
distance of the customer from the end point of
the return flow increases, the complexity and
costs of realization increase, due to which the
number of returns decreases (Lim et al,, 2018).
The goods are rarely returned directly to the
manufacturer, because he is usually the furthest
from the customer, and the rate of return is
highest at retailers with a dense network of
stores or CDPs that accept returned goods.
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The end point of delivery and the reception
method affect the rate of return, time and
manner of realization of return flows
(Tadi¢ & Veljovié, 2020c). When delivered
to the home address in the presence of
the customer, the customer can check
the characteristics and correctness of the
goods and make possible complaints to
delivery executor, which usually simplifies
the realization of return flows simplifies
(Hiibner et al., 2016), which is not the case
with deliveries to other points (neighbor’s
household, workplace, CDP, etc.) and other
unattended deliveries.

Security of goods in delivery, time and
speed of delivery and additional services
are also factors that affect the realization of
return flows (Tadi¢ & Veljovi¢, 2020c). The
security of the goods in delivery is crucial
for preserving their quality, correctness
and integrity and reducing returns due to
damage, so it is necessary to ensure adequate
handling, packaging and transport of goods.
Delivery time and speed have an impact on
the rate of return, as delivery delays increase
the likelihood of returns (Xing & Grant,
2006). Additional services provided by some
suppliers may also affect the rate of return

(Agatz et al,, 2008b). Thus, the services of
assembling and locating furniture in the
customer’s facility and installing electronic
products can reduce the number of returns.

The type of goods is one of the key factors
influencing the characteristics of return
flows (Tadi¢ & Veljovié, 2020¢; 2020d). The
dependence of return flows on the type of
goods will be described in subsection 2.11.

Finally, the characteristics and number of
return flows depend on the price (Tadié
& Veljovié, 2020c). When returns are free,
customers often order more goods (usually
clothing) than they need because they
want to try it, which increases the number
of returns and the complexity of their
organization. For these reasons, suppliers
are increasingly charging for returns.

Return flows in home delivery can be
structured according to different criteria:
cause and time of realization, executor,
integration with deliveries, end point, etc.
(Fig. 13) (Tadi¢ & Veljovi¢, 2020c). The
classifications of return flows realization
models according to these criteria will be
described below.

| Return Mows of goods

Cause of realizatlon | Time of | E

Integration with delivery | End point |

—| Unsuccessful delivery | —| I_nsmml}- | —| Customer

Store |

~| Customer decision | —| Subsequently | —{

Supplier

|
| - Integrated [ H
| —| Separately | —|

Logistics center |

Fig. 13.

Third party

Manufacturer's location

Structuring and Classification of Return Flows Realization Models in Home Delivery

Source: (Tadi¢ & Veljovié, 2020c)
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The causes of the realization of return flows
can be different. They are realized due to
the unsuccessful delivery or the customer
decision to return the goods (Tadi¢ &
Veljovi¢, 2020c). The most common causes
of unsuccessful delivery are the absence of
the customer (“not at home” syndrome) and
the inability to realize unattended reception
(Tadié et al., 2015). Also, the customer can
return the received goods due to unfulfilled
expectations, damage, change of decision
(the customer bought the goods due to
promotion but in the meantime made a
decision not to accept it) and rejection of
inappropriate alternatives (customer orders
several alternatives with the intention to
return inappropriate).

Return flows also differ from the aspect
of realization time. There are instant and
subsequent returns (Tadi¢ & Veljovié¢,
2020c¢). In the first case, the customer is
absent or refuses to receive the goods, so the
delivery executor realizes the return with the
same vehicle immediately after delivery. In
the second case, the customer receives the
goods and subsequently makes a decision
to return the goods. The time, but also the
complexity of the organization and rate of
return depend on the type of goods, the end
point of delivery and the reception method.

Return flows can be realized by customers,
suppliers or a third party (logistics provider,
crowd-worker) (Tadi¢ & Veljovié¢, 2020c).
The customer usually realizes subsequent
returns of goods to the stores. The key factors
for the successful realization of return flows
for customers are the ease of return and
the number of points at which they can be
realized (Bernon et al,, 2016). Therefore, the
realization of return flows by the customer
is particularly suitable for “click & mortar”
retailers, who have developed network of

stores near customers (Edwards et al., 2009).
Also, customers can return the goods to the
CDP, from where the suppliers ship them
to the end point of the return flow. Some
suppliers include a complete return flow
organization in the delivery service, which
is free or paid for by the customer (Browne
et al,, 2001). Suppliers realize instant and
subsequent returns, trying to integrate
them with deliveries. This concept is very
attractive to customers, but requires higher
costs than returning goods to stores by
customers (Chopra, 2003). The customer
or supplier can also hire a logistics provider
(CEPs, postal operators, etc.) (Hiibner et
al., 2016) or crowd-worker (Pan et al., 2015)
to realize the return flows. According to
research, when choosing a logistics provider,
half of the customers opt for CEP and half
for postal operators (Edwards et al., 2009).
Crowd-workers can also be hired for the
realization of return flows, which can
significantly affect the reduction of negative
economic, environmental and social impacts
caused by the traditional way of realization
of returns (Pan et al., 2015). Also, suppliers
often use a hybrid strategy to offer customers
awider choice. Thus, some companies allow
customers to independently return goods
in stores, but also through CEPs and postal
operators (Bernon et al., 2016).

The realization of return flows largely
depends on the integration with delivery
(Tadié & Veljovié, 2020c). Return flows
can be integrated with deliveries or realized
separately. Suppliers strive to integrate
return flows with deliveries, to reduce
distance traveled and the number of empty
runs. CEPs are also increasingly integrating
deliveries and return flows (Edwards et al.,
2009). Return of goods is associated with
their delivery (instant return) or other
deliveries (subsequent return).
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For the realization of return flows, the
distribution network for the realization of
deliveries is most often used, which is why
it must be additionally adjusted (Tadi¢ &
Veljovi¢, 2020c). The end point of the return
flow is the point where the returned goods
are processed and most often coincides with
the starting point of delivery (locations of
retailer or manufacturer) (Tadi¢ & Veljovié,
2020c). Return of goods to the end point
can be realized directly or through CDPs.
Suppliers use attended of unattended CDPs
to speed up the handling of returns and
improve the efficiency of the realization of
return flows to the end point. Retailers can
use stores or LCs to process the returned
goods. Stores are most commonly used
by “click & mortar” retailers, reducing
infrastructure investment and return flow
management costs (Agatz et al,, 2008b). Also,
returned goods can be sold in stores after
processing. This concept is very suitable
for customers, but also for retailers, given
the ease of realization of return flows. On
the other hand, there may be problems in
accepting and processing returned goods,
as stores are not designed and equipped for
these operations (Chopra, 2003), as well as
in managing large quantities of returned
goods that the retailer cannot resell (Bernon
etal, 2016). These disadvantages but also the
advantages of this concept are not present
in the application of LCs for the realization
of returns. The return end point can be
the retailer’s LC from which the goods are
delivered or a dedicated return LC (Morganti
etal, 2014b).

Analogous to the concept of drop shipping
applied in delivery, the end point of return
flows can be the location of the manufacturer
or retailer’s supplier (Tadi¢ & Veljovi¢,
2020c). This concept is not efficient in most
cases, requires high costs and complex flow
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coordination (Chopra, 2003), which is why
it is rarely applied (Lim et al., 2018).

In addition to goods, return flows in
home deliveries can consist of packaging
and logistics units (Tadi¢ & Veljovi¢,
2020c¢). Glass, aluminum and stainless
steel packaging is usually used as reusable
packaging for deliveries. Different logistics
units can be used for home delivery, but since
the quantity and volume of goods in delivery
are usually small (Visser et al., 2014), pallets
are used on rare occasions, while miniload
units (especially delivery boxes) are used
much more often. Return flows are most
often integrated with regular scheduled
deliveries of groceries. The supplier fills
the packaging and packsitin a delivery box.
Upon delivery, it takes over the box from the
previous delivery and realizes its return. In
this way, milk delivery and packaging return
flows have been realized in the past (Gould,
1998), and in recent years supermarkets have
increasingly used delivery boxes for grocery
delivery.

2.11. Type of Goods

The type of goods is one of the key factors
on which other delivery characteristics
depend (Tadié & Veljovié, 2020d). There are
different classifications of goods. According
to the most common market classification,
goods are divided into (Daduna & Lenz,
2005): convenience/consumer goods (food,
drugstore goods, etc.), shopping goods
(clothing, footwear, etc.) and specialized
goods (furniture, white goods, etc.). These
product categories differ in the frequency
of purchase, which is the highest for the
first and the lowest for the last group of
goods. Socio-demographic characteristics
of the household and the tendency to
use home delivery services determine
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whether the frequency of deliveries will
be fully harmonized with the dynamics of
consumption. At the same time, customer
needs and preferences affect delivery
characteristics in terms of need for ordering.
Thus, deliveries of consumer goods can be
realized regularly scheduled/with partial
ordering, and other product categories are
most often delivered on demand. A similar
classification is introduced by Gevaers et
al. (2009) in relation to shelflife, value and

basic characteristics of goods, distinguishing
between non-durable/fast moving consumer
goods/groceries and durable goods (Fig.
14). Groceries are usually of lower value,
and durable goods can be of medium (e.g.
books, CDs) or high value (e.g. computer and
electronic equipment). Also, durable goods
can be divided into goods of small and large
dimensions (Browne et al.,, 2001; Allen et al.,
2007), which affects the characteristics of
logistics requirements.

| Mon-durable/consumer goods | |

Small durable goods

| | Large durable goods

Fig. 14.
Classification of Goods for Home Delivery

There are other classifications of goods
from the aspect of logistical requirements.
Daduna and Lenz (200S) distinguish
between package goods, hanging goods
and general cargo. In general, there are
goods that generate and those that do not
generate specific logistical requirements
(De Koster, 2002a). Specific requirements
contribute to the complexity of logistics
processes and operations and may relate
to warehousing, handling, order picking,
packaging, transport, reception of goods,
security, speed and timeliness of delivery,
etc. They depend on the physical and
chemical characteristics of the goods, the
characteristics of demand and consumption
(time-sensitive goods, e.g. daily newspapers,
New Year’s decorations), the value of the
goods, the requirements for the protection
of customer privacy, etc. Handling and
transport are realized in accordance with the
rules and labels that refer to goods sensitive
from different aspects (position of goods,
fragility, flammability, etc.). Goods with
specific physical characteristics (goods of

large dimensions, easily breakable, sensitive
to shocks, etc.) generate special requirements
from the aspect of handling, packaging and
transport in order to preserve integrity
and quality. Protection of easily breakable
and sensitive products from the aspect of
packaging is usually provided by the use
of styrofoam, air foil and other materials
that prevent damage. Adverse chemical
and biological effects are also prevented
by adequate packaging and transport
conditions.

The most complex requirements are
generated by the delivery of food products.
The requirements relate to the preservation
of product quality and freshness,
temperature, compatibility of goods, speed
of delivery, realization of return flows, etc.
Also, these deliveries are subject to strict
regulations and quality standards (De
Koster & Neuteboom, 2001; De Koster,
2002a). The complexity of the organization
and realization of delivery leads to high
costs, and the margins of food products
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are significantly lower (De Koster, 2002b;
Campbell & Savelsbergh, 2005). As aresult,
milk delivery, which was widely practiced
in the last century, almost disappeared
when supermarkets began to compete with
their prices (Gould, 1998). Food delivery
models can be classified in terms of the
degree of food processing and temperature
conditions. Companies provide customers
with three options (Dablanc et al., 2017):
grocery delivery, delivery of ingredients
with a recipe for the preparation of a dish,
and delivery of prepared food. Customers
order groceries for food preparation, wanting
to have an insight into their quality and to
prepare food independently. The extension
of this service is the delivery of ingredients of
certain dishes with recipes. This concept can
bring benefits to both the customer (variety
and new dishes) and the supplier (sale of
a diverse range of goods) (Cairns, 1996).
The lack of free time and the consumerist
way of life have encouraged the ordering of
prepared meals in recent decades (fast food
deliveries are the most common). These
delivery models differ in terms of frequency
and need for ordering. Grocery delivery
is often realized regularly on schedule,
and prepared food is usually delivered on
demand. From the aspect of temperature,
food products are divided into ambient,
hot, refrigerated and frozen. Ambient
products do not require special conditions
(De Koster, 2002b), but are more sensitive
than non-food products. These are usually
packaged, canned products. Unlike these
goods, prepared food is often delivered to
consumers hot. This is achieved by adequate
packaging and application of instant delivery.
In the delivery of refrigerated and frozen
goods, it is necessary to provide a cold supply
chain (Bogataj et al., 2005). This can be
achieved (De Koster, 2002b): by using an
insulated delivery box, by using adequate
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means of transport (with temperature
chambers), by transport planning (in order
to efficiency and shorten delivery lead time)
or by applying logistics outsourcing (by
hiring a logistics provider with adequate
resources). In addition to temperature, it is
especially important to take into account
the compatibility of goods in the delivery
of food products. For example, goods that
emit moisture, heat or a strong odor must
be separated from goods that absorb them,
etc. Food products should be packaged
separately from non-food ones, in order
to avoid mutual contamination (Boyer &
McKinney, 2018). It is especially important
to separate food from chemical products,
so that its quality would not be endangered
by harmful toxic effects. Incompatibility of
goods can also be expressed in terms of speed
of delivery, which may prevent or impede
consolidation (Browne ef al., 2001). Thus,
transport of perishable food, which needs
to be delivered in a short time, and durable
goods, which do not generate high speed
requirements, by the same vehicle and in the
same conditions, can significantly reduce the
efficiency of planning and implementation
of the transport process.

There is also interdependence between the
type of goods and the ordering system (Tadi¢
& Veljovi¢, 2020d). Janz (2001) and Browne
etal. (2001) differentiate goods according to
suitability for remote ordering. Standardized
goods, low and medium value, without
specific differences between units of the same
product, are suitable for remote ordering (e.g.
packaged, long-lasting consumer goods).
Nowadays, most goods for delivery are
ordered through e-commerce. Also, mail/
catalog sales still apply to some types of
goods (cosmetics, toiletries, gifts, cleaning
products and equipment, kitchen equipment,
etc.) (Browne etal,, 2001). On the other hand,
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some types of goods are less often remote
ordered by customers, because the units
of the same product may differ in quality
(fruits, vegetables, flowers, etc.). Also,
customers still prefer to personally order
some types of goods in stores (furniture,
appliances, etc.) or testing goods on the
principle of 020 (clothing, footwear, etc.)
(subsection 2.2), in order to gain complete
insight into product characteristics.

The type of goods also affects the starting/
order picking point. Consumer goods
are sold in supermarkets, where they can
be picked before delivery. Deliveries of
durable goods can also be made from the
point of sale, where the customer personally
ordered the goods, but are more often made
from the retailer’s LC or directly from the
manufacturer (Browne et al., 2001; Agatz
et al., 2008b; Fernie & McKinnon, 2009),
especially in the case of high value goods
(e.g. furniture, white goods, etc.) or goods
of short life cycles, in order to reduce
inventory carrying costs and risks involved
in stock keeping (De Koster, 2002a). Drop-
shipping is a particularly suitable option for
the delivery of seasonal goods that are sold
in a relatively short period of the year (Ma
etal., 2017).

The type of goods also affects the end point of
delivery and the way the goods are received.
Customers predominantly prefer delivery to
home address for both consumer/daily and
other goods (Weltevreden & Rotem-Mindali,
2009). Attended delivery to the home address
is necessary for deliveries that require the
customer’s signature (Weltevreden, 2008),
deliveries of high value goods (Campbell
& Savelsbergh, 2006) or goods that are not
suitable for unattended delivery (e.g. large
goods that cannot be disposal in a mailbox or
reception box and are not suitable for storage

in CDPs or in a neighbor’s household, as well
as for independent delivery from these points
to the customer’s home address). Attended
reception is also desirable for deliveries of
goods to be exchanged (e.g. DVDs) and
deliveries that include additional services
(assembly, installation, personal services,
etc.) (Punakivi & Saranen, 2001; Campbell
& Savelsbergh, 2006), but in these situations
some of the unattended delivery variants can
be applied (e.g. access to the home). In some
countries, the supplier has alegal obligation
to pick up and take away furniture and
appliances to be replaced with new, delivered
goods (Browne et al,, 2001). The application
of unattended delivery model also depends
on the type, value and characteristics of
the goods. Durable, low-value goods can
be disposal in front of the door or in the
mailbox, if they are small (magazines, CDs,
etc.). For perishable consumer goods, having
in mind the characteristics and purpose,
delivery models that delay the taking over
or consumption of goods (delivery to CDP,
neighbors, car trunk, disposal in front of
the door, etc.) are not suitable. Since they
provide adequate conditions, a reception
and delivery box can be used for perishable
goods delivery.

The choice of delivery executor also
depends on the type of goods. Suppliers
deliver consumer goods by their own fleet
or by hiring a logistics provider (Durand &
Gonzales-Feliu, 2012). Given the specific
properties and logistical requirements of
the goods, many suppliers see in-house
delivery as a strategic advantage (Hays et al,,
200S). For delivery of consumer goods can
also be hired logistics providers. However,
traditional providers are usually not trained
and equipped to deliver refrigerated and
frozen goods (De Koster, 2002a; Punakivi
& Saranen, 2001). Therefore, suppliers
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must provide delivery boxes with passive
cooling or dry ice (Vanelslander et al,, 2013;
Hausmann et al., 2014). Delivery of small,
low-value goods can be realized by the
supplier, but postal and CEP services are
more often engaged (Browne et al., 2001).
On the other hand, companies selling large
(white goods, furniture, etc.) and (or) high-
value goods traditionally have their own
distribution channel for home delivery, but
logistics providers are sometimes hired to
deliver such goods (Browne et al., 2001).
Engaging crowd-workers is limited by the
value of the goods. In this case, the risk
of theft of high value goods by delivery
person is very high, so this concept should
be applied to lower value goods or by hiring
aknown and reliable worker (relative, friend,
neighbor, etc.) (Devari et al., 2017).

The characteristics and logistical
requirements of different product categories
allow for different coverage of the delivery
area (De Koster, 2003). Goods that do not
generate specific logistical requirements can
be delivered at all levels of coverage (Tadié
& Veljovi¢, 2020d). On the other hand, the
non-resistance of some goods to various
physical, chemical and biological influences
makes it impossible or difficult to deliver
in a wider area of coverage or increases its
costs. Therefore, for example, perishable
food products are only delivered locally
(Fernie & McKinnon, 2009)

The speed and time of delivery also depend
on the type of goods (Browne et al., 2001;
Gevaersetal, 2009). The speed of delivery to
customers is important for consumer goods
and medicines, while they are most willing to
wait for the delivery of clothes, accessories
and cosmetics (Joerss et al,, 2016). Therefore,
consumer goods are most often delivered on
the day of ordering within predefined time
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windows, which is usually not the case with
other types of goods (McLeod et al., 2006;
Browne et al.,, 2001). Speed is a particularly
important factor in the delivery of prepared
food, so in this case, instant deliveries are
most often used. Deliveries of durable goods
are much less frequently defined in time
than in the case of consumer goods. The
date, and sometimes the time window of
delivery, is contracted in advance only for
large durable goods (Browne et al., 2001),
because failure to deliver such goods brings
numerous problems.

The type of goods is one of the key factors
influencing the rate of return and the
characteristics of return flows (Tadié &
Veljovié, 2020c). Due to their characteristics,
some types of goods are very rarely returned
to the supplier (perishable, time-sensitive,
goods produced according to the customer’s
wishes, etc.) (Browne etal., 2001). According
to research, the rate of return of groceries
delivered to a home address is less than 1%
(Hiibner et al., 2016). However, managing
the return of groceries that generate specific
logistical requirements, as well as packaging
and delivery boxes is very complex. The
rate of return is significantly higher for
durable, non-food goods (usually 25-30%;
Edwards et al.,, 2009), but it depends on the
type, dimensions and value of the goods.
Furniture, white goods and other goods of
large dimensions and (or) value have the
lowest rate of return, because they are most
often ordered in person in stores (Visser et
al, 2014), where the customer has a complete
insight into the characteristics of the goods.
Also, the specific logistical requirements
that generate the physical characteristics of
goods affect the complexity of the realization
of flows and increase costs, which can deter
customers from returning. Goods of smaller
dimensions and value (books, clothes, shoes,
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etc.) are returned to the supplier much
more often (Browne et al., 2001). The rate
of return is highest when delivering clothes.
On average, it is twice the rate of return
in traditional retail (Bernon et al., 2016),
and can reach as much as 45% (Agatz et al,,
2008b).

3. Conclusion

Inrecent decades, due to the development of
the Internet and e-commerce, an increasing
number of companies offer home delivery
service. At the same time, different concepts
and delivery models are being developed
with different characteristics that depend on
anumber of environmental and stakeholder
factors, and which are interdependent.

This paper defines a framework for
comprehensive structuring and classifies
the home delivery models. In addition, the
scientific and practical knowledge about the
characteristics, advantages, disadvantages
and applicability of the home delivery
model in different circumstances is clearly
systematized and analyzed in detail. This
achieved the basic contribution and goal
of the paper, but also created the basis for
future research in this area.

The subject of future research may be the
impact of last mile delivery on previous
phases and flows in the supply chain,
distribution network structure and
distribution strategy in relation to different
circumstances (logistics outsourcing,
different coverage of the delivery area,
etc.). The possibilities of application of
different modes and means of transport in
home delivery are a significant and wide
area for future research and classification
of delivery models. Consolidation of flows

and cooperation of participants in the
organization of deliveries, as some of the
solutions to the challenges in improving
efficiency, should also be in the focus of
researchers’ attention. Delivery models
that imply more direct cooperation between
the customer and the supplier, i.e. the
delivery executor (e.g. access to the home
during delivery or checking stocks, insight
into the needs and habits of the customer
through the application of VMI concept,
monitoring the customer’s movement
through the application of delivery in the
trunk, etc.), have a number of benefits
for all stakeholders, but also security and
privacy risks. These and similar security
risks that occur in home delivery should be
the subject of research. Humanitarian home
deliveries, which are realized by charitable,
social, rescue, local government services, and
commercial deliveries, that are realized in
emergency situations (epidemics, adverse
weather conditions, etc.) should also be
the subject of future research, given their
growing frequency and the importance of
the delivery service for supplying households
in such conditions. For the same reasons,
the subject of research may be deliveries in
rural areas, which have been analyzed in a
very small number of papers.
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