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(¢
Science's models are not true, and that's exactly what makes
them useful. They tell simple stories that our minds can grasp.
They are lies-to-children, simplified teaching stories, and
none the worse for that. The progress of science consists of
telling ever more convincing lies to ever more sophisticated

children.
»
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1. Introduction
1.1. On perspectives of distribution

1 Introduction

Distribution is an important driver of success for shipping, freight-forwarding, and retailing
companies, as well as for their consumers (Fuller et al. 1993; Lambert and Burduroglu 2000; Kumar
2001). The distribution of goods drives both the fulfilment cost and customer experience, hence
also profitability (Chopra 2003, p. 123). Measuring the effects of distribution does not only restrain
to cost and revenue accounting. All relevant impacts are measured, such as service level, speed and
flexibility, ecological, and social aspects. The value of distribution originates from making a product
available for further production, retailing, or its consumption. It is worthwhile but nevertheless
difficult to convert the non-monetary effects into monetary units. Although it is impossible to value
every capability, every soft driver, and every percent of service by the exact monetary value, the
direction of the effect of almost all activities, decisions, and their ceteris paribus effects can be
estimated (Lambert and Burduroglu 2000; Chopra 2003). The “last mile” of distribution has the
reputation of being difficult, costly, and critical for success: the last mile is the hardest mile. The
introductory section of this dissertation outlines distribution as a major research topic and focuses
on that last mile. Sub-section 1.1 summarizes three perspectives on distribution. In 1.2, the essentials
of distribution-logistics with a focus on consumer goods are discussed. Sub-section 1.3 deduces a
definition of what the last mile is and emphasizes the issues and the decision problems of the last
mile. In sub-section 1.4, the theoretical foundations of model-based decision support are laid and
three selected focuses of model-based decision support on the last mile are outlined.

1.1 On perspectives of distribution

Distribution describes all activities of economic and physical transportation of goods (Raffée 1974,
p. 195). The goals of distribution are “the seven rights”: having the right goods, in the right amount,
in the right quality, at the right place, at the right time, for the right customer, at the right price
(Plowman 1964). In literature, there are at least three fields of research investigating distribution:
Marketing, Logistics, and Supply Chain Management (SCM). In a nutshell, these perspectives view
distribution like this:

1 Marketing views distribution as the selection, design, and coordination of channels that
bridge the gap between production and consumption.

1 Logistics views distribution as the generic process that connects productive and
consumptive processes by physical flows with the objective to create availability.

1 SCM views distribution as a subsystem of the supply chain system’, which performs all
processes that relate a company’s production with its customers’ procurement processes.

' Herein, a system is understood as the whole of structure elements and their (potential) relations. | take the general
definition of systems by Ulrich 1968, pp. 105-118 and agree with him that managerial decision-making requires a special
understanding of systems as open, planned, and purposeful in order to enable system design. Ulrich elaborates on his
definition that there must exist a structure of its elements given by their relations. Further, there may be a processual
structure as events have a sequential structure over time. The function (= purpose) of a system is not part of the general,
but of the special definition, of systems. What is meant is that there are natural systems without a purpose. Nevertheless,
artificial systems like distribution do have functions.



1. Introduction
1.1. On perspectives of distribution

Taking these perspectives is worthwhile, because changing the perspectives enables decision-
makers to identify different decision-objects and leverage different decision-alternatives. If a
decision-maker views distribution from yet another perspective, different questions come to mind
and different decision-making processes are spotted (Kirsch 1998; Otto and Kotzab 2003). The
“seven rights” are extremely difficult to achieve taking only one isolated perspective.

Example 1: The problem of supplying the right good to the right customer may be seen as a
marketing issue: identify the customers’ need and supply the right good accordingly. However, this
relation benefits from a multi-perspective approach. In a situation of supply shortfall, logistics
provides decision support models, how to allocate shortages, select back-orders, and ways how to
replenish.

Example 2: The right time, place, amount, and quality are the function of distribution-logistics (cf.
Ihde 2001). Under the implicit assumption of knowing what the customer wants, logistics supports
decision-making on ways, how to get products there in time, on shipment sizes, and on assortments.
Nevertheless, service-levels — availability of goods at the Point-of-Sale (POS) — of almost 100% are
extremely expensive. Therefore, logistics has the goal of minimizing the total cost of shortages and
overstocking: the marketing perspective is helpful to estimate the cost of shortages (Ilhde 2001,
p. 312).

Besides the already named, there are other perspectives imaginable?. However, it is believed that
these three are the most important in terms of literature quantity and practical relevance. The
following sub-sections 1.1.1-1.1.3 explore the outlined perspectives on distribution in a
chronological order. Marketing has been there first and distribution was an all marketing topic. Then
academics separated the acquisition of demand and the physical distribution of goods: logistics
(Converse 1954; Drucker 1962; Alewell 1968). SCM is a rather young field of research coming from
practitioners and consultants. Is has been named in the 1980's and academics started discussing
SCM in the 1990's (Cooper et al. 1997).

1.1.1 Marketing: channel design

From a marketing perspective, distribution is viewed as an enabler which enables “the seven rights”
- raising questions, like “What does our customer demand/need?” meaning “find the right supply”
and “Who are our right customers?” meaning “find the right demand”. Therefore, marketing raises
questions at the upstream/supplier and the downstream/customer side of a distribution channel.
Manufacturers and customers are connected by a channel (="pipeline”) (Otto and Kotzab 2003;
Coughlan et al. 2006). This channel bridges the gap between the production and consumption of
goods. In a broader sense, Ahlert (2005) adds all activities, which are performed on real or
immaterial goods, to distribution, in-between the institutional production and consumption of those

2 From my point of view, the limitation to these three perspectives has two reasons. First, some perspectives are strongly
linked to these three, such that a sharp differentiation is not helpful. For example, one could argue that organization
theory provides helpful insights into distribution. Nevertheless, the relevant lessons from organization theory can be
learned from the SCM perspective (Otto and Kotzab 2003). Second, many authors would probably see methodological
perspectives such as operations research (OR) or statistics as the go-to field of research when thinking about distribution.
Herein, methodology is seen as an (undeniably important) toolbox including tools that are helpful for many issues of
distribution, but that is not a separate perspective. Especially the field of logistics applies OR techniques extensively.
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goods. Thus, distribution comprises all activities that enable a purchase agreement. Ahlert includes
all kinds of marketable offers in his definition, including goods, real estate, property rights®, and
services. From today’s perspective, one should add digital products to that list. Converse (1954)
acknowledges that there are the two halves of marketing: first, an immaterial half of creating desires
and demand for goods and, second, a physical half of transporting and storing goods. The
immaterial half creates “possession utility”. The physical half creates “utilities of place and time”
(Converse 1954). Alewell (1968) distinguishes the acquisition of demand and the physical
distribution of goods. Correspondingly, Coughlan et al. (2006) distinguish the information and the
fulfillment function of channels. As the activities of acquisition and physical distribution are
inherently different by nature, the differentiation made by Converse, Alewell, and Coughlan et al. is
helpful to understand distribution. Schogel (2012, 37ff) distinguishes the term channel: there is an
acquisition channel for the immaterial half and a distribution channel for the physical half. These
two can be integrated but do not necessarily have to®. Herein, the immaterial half of acquisition and
information is interpreted as the focus of the marketing perspective. The physical fulfillment half of
channels is the focus of the logistics perspective.

1.1.2 Logistics: the physical side of distribution

From the logistics perspective, the function of distribution is to bridge spatial, temporal, quantitative,
and qualitative gaps in-between production and consumption (Ahlert 2005). Consequently, there
are transfer processes to build these bridges: transportation, storage, commissioning (picking &
packing), and sorting (Ihde 2001). The function of logistics systems is the coordination and the
execution of those physical processes that are performed on a product to make it available.

Logistics as a managerial discipline and perspective emerged historically out of marketing (Converse
1954; Drucker 1962; Klaus 2002; Ahlert 2005). Marketing took a holistic view on distribution
(Drucker 1962) and distribution-logistics has been identified as “the other half” (Converse 1954).
One of the first to promote logistics as a driver of success and actually using the term was Magee
(1960)°.

Nowadays there are three definitions of logistics (Klaus 2002).

1. Logistics is the highly specialized optimization of singular “transfer” processes that add value
of place, pace, and pattern to a product: the main transfer processes are the “three P's”

3 Property rights are distinguishing usus, usus fructus, abusus, and ius abutendi. The term property right acknowledges
that the value of a good does not only depend on the property, but on the rights and obligations that come with a good.
The economic function of the term is the clear and transparent allocation of benefits and harms of goods and services
(Demsetz 1967). For example, an angler possesses fishing equipment. In Germany, a state license is required to be legally
allowed to use it for landing and killing fish. In order to allocate the harms of fishing (e. g. decrease in the fish population,
damages on the riverside) on a particular water, he has to buy the permission from the holder of that right (often
communities or unions) to go fishing on that particular water.

4 For example, a showroom is a conventional outlet but does not carry any stock. It is solely used to acquire demand but
not to fulfill orders. Instead, the ordered product is then delivered in the home delivery channel (Bell et al. 2018).

> Magee (1960) already outlined the most essential trade-offs in logistics management, that are discussed nowadays:
product variety vs. inventories; distribution cost vs. response time; warehouse facilities vs. transport time and cost; make
or buy transportation and warehousing functions; levelling employment, inventories, and capacities vs. demand variations.
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transportation “place”, warehousing “pace”, and transshipment “pattern” (including
commission, sorting, packaging etc.)®.

2. Logistics is the managerial intra- and inter-company coordination of all activities that create
utilities of the “seven rights”: the coordination is exercised at the interfaces between
production, transportation, transshipment, warehousing, and consumption.

3. Logistics is an organizational flow paradigm that interprets the supply chain as a system
where elements perform their standard operating procedures on goods; thereby goods,
information, cash, capacities, people, and ideas “flow” through the system. The flows are
the objects of logistical decision-making.

The definitions developed over time, but do not necessarily build upon each other. They differ in
their understanding of what logistics as a discipline does and what the object of logistics-
management is. However, the function of making goods available is the same. Therefore, there is
no more or less important definition, but different issues, methods, and goals. The third definition
focuses on the chain-wide process-orientation, the second definition focuses on the interfaces
between processes, and the first definition focuses on the optimization of singular processes.

The logistics perspective on distribution views distribution as one of three generic sequentially linked
processes: procurement-logistics, production-logistics, and distribution-logistics. In Fig. 1.1, the
interfaces with the supply and demand side are insinuated by the overlapping chevron boxes.
Procurement-logistics manages the flow of all kinds of purchased inputs into the company. Inside
the company, the production performs standard operating procedures transforming inputs into
outputs. Production-logistics creates availability of the inputs throughout the procedure according
to the production master plan. Distribution then takes over the outputs (finished goods) of
production and manages the flows to the procurement of the demand-side. At this point it is clear,
that the distribution of the manufacturer overlaps with the procurement of its customer and the
procurement of the manufacturer equals the distribution of its supplier.

Supply Manufacturer Demand

Finance

Human ressources

Controlling

Procurement Production Distribution

Logistics

Fig. 1.1 Sequential processes of business logistics at a manufacturing company

® The three "P” of logistics “place”, “pace”, and “pattern” correspond to the German TUL="Transport, Umschlag,
Lagerhaltung”-logistics.
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Assuming the process-flow paradigm of logistics, distribution-logistics is defined as all activities that
plan, enable, prepare, execute, manage, and control the flow of finished goods from a manufacturer
through the channel towards its customers (Ihde 2001, p. 296; Specht and Fritz 2005, p. 115;
Schogel 2012, p. 363). The task to configure these flows raises questions like:

A “How do products move through the channel?”

A “Where do products sit?"’

A “Who brings a product from the production site to the customer?”
A “What amounts of different products are bundled together?”

1.1.3 SCM: the chain “from farm to fork”

When SCM first emerged as a field of research, it was not clear at all, whether it is the same as
logistics, or an extension, or an “all encompassing approach to business integration” (Cooper et al.
1997). Cooper etal. (1997) state that SCM is a broader concept than logistics management.
However, it seems cumbersome to distinguish the third definition of logistics from Klaus (2002) and
SCM. This discussion has no practical use or benefit.

One definition of SCM that has been sharpened over time stems from the Global Supply Chain
Forum: “Supply Chain Management is the management of relationships in the network of
organizations, from final customers through original suppliers, using key cross-functional business
processes to create value for customers and other stakeholders” (Lambert 2014). The relevant
insights of the SCM perspective stem from the chain-wide investigation and management of
relationships, processes, flows of information, goods, and financing.

The new aspect is that the scope of discussion takes off from analyzing and optimizing intra-
organizational processes, divisions of organization, decision-making, and their relationships. In SCM,
the managerial focus lies on inter-organizational processes and their seamless integration. The scope
of this integration is “from farm to fork”, meaning from the point where something is farmed from
the earth to the point where it is finally consumed. Another metaphor “from dirt to dirt” (Kumar
2001) includes further the processes of waste disposal and reverse logistics (recycling) in the scope
of SCM. The chain-wide integration has two normative levels: first, the integration enables chain-
wide visibility through information sharing, second, integration enables improvements (even
optimization) of the chain-wide flows through cooperative planning.

The objective of visibility is more intelligent coordination across organizational boundaries.
Corporate planning on every stage of chain is easier because visibility mitigates “nasty” surprises
and detects early signs of trouble at these boundaries. As a result, uncertainty and risk get more
and more replaced by robust promises, proactive prevention, and agreed “fire fighting” strategies.
For example, geo fencing systems make the approach of delayed inbound transports visible.
Knowing the actual time of arrival early enables adjustments in the receiving area: further delays
through unavailable storemen can be mitigated. The second level of integration, cooperative
planning, grounds on the insight that locally optimized decisions may lead to a global, chain-wide

" Inventories are “stuff sitting somewhere”, cf. van Ryzin 2001, p. 1.
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suboptimum. Therefore, the deployed resources (e. g. safety stocks, production and transportation
capacities, shared information bases) and logistics processes (e. g. replenishment and ordering)
should be optimized from a chain-wide perspective, instead of doing so at every stage locally (Lee
et al. 1997). The ultimate objective of SCM is to minimize the sum of resources that are consumed
and wasted along the supply chain “from farm to fork” in order to satisfy the demand (Houlihan
1985). This belief that integrated supply chains produce superior results is the paradigm that shapes
the field of SC\VE.

SCM proposes intra- and inter-organizational “key cross-functional business processes”® which
smooth the seamless flow of orders through the supply chain (Cooper et al. 1997). The property
“cross-functionality” means functions collaborate across their borders in a way that creates more
value-add than the vertical sequence of those functions could. Examples of such cross-functional
business processes for the integration of the supply chain are Continuous Replenishment, Quick
Response, Efficient Customer Response, Collaborative Planning, Forecasting and Replenishment. For
more examples see Tyan and Wee (2003). All these processes have an information sharing aspect,
which creates visibility, and a consumer-oriented aspect, which smoothes the flows through the
chain: the chain “breathes with the customer”. In practice, these processes are often implemented
in tier 1 relationships, but they are aimed at a broader scope.

Looking at the supply chain as a whole, every firm is a sequence of the four generic processes
procurement, production, distribution, and sales.

Fig. 1.2 embeds the supply chain planning matrix (Fleischmann et al. 2008, p. 87) in the inter-
organizational flow-oriented view. Compared with Fig. 1.1, the “sales” process is an additional
boundary-crossing process. Whereas Fig. 1.1 displayed the physical flows of goods, the supply chain
planning matrix utilizes information flows to plan sales volumes and revenues. Fleischmann et al.
(2008) disassemble marketing into distribution (physical) and sales, meaning the acquisition of
demand (see sub-section 1.1.1). The matrix zooms into one focal company in the chain and observes
the sub-processes along the two dimensions of time horizon and the process dimension. The
customer order hits the supply chain at the Point-of-sale (POS). In a make-to-order environment
(Otto 2008), it directly activates all processes of the supply chain in an upstream direction. In a

8 Bretzke (2005) criticizes the chain-wide, holistic integration with the objective of optimization as utopia. He points out
that there is a “price of supply chain management”, namely, the renouncement of the spot market. Bretzke first observes
that companies like METRO try to “lock-in" their single-sided market-power without sacrificing neither their buyer’s rent
nor their sourcing flexibility from multi-sourcing. In general, individual actors are unlikely to forgo opportunistic defection
in “locked-in" relations. Second, he points out that the optimization of the whole supply chain is illusive, as it requires
many mathematical relaxations, assumptions, and simplifications. The application of OR has been criticized for solving
lower-level problems and thus sub-optimizing more complex decision problems* (Hitch 1957, p. 718; Lindblom 1959,
p. 80). Third, since suppliers deliver to more than one customer and, vice versa, customers buy from more than one
supplier, most companies are nodes in more than one supply chain. Therefore, a hypothetical global optimum of one
supply chain is interdependent with many other supply chains that intersect in this node: it is really a supply network. For
example, a producer of carbon fibers has customers in the automotive, the security textile, and the fishing sports supply
chain. It is thus a node in all three supply chains, which become interdependent through this connection.

* A pragmatic would likely agree and argue that it is nonetheless better to regardlessly apply simplified optimization
models than none (see sub-section 1.4.1). By the terminus “pragmatic” | mean somebody who is willing to sacrifice some
aspects of due diligence on the altar of “getting things done”. That kind of mindset may be studied in Lindblom 1959 on
“muddling through complex problems” and in Kirsch 1998, pp. 76-77 on "Das Durchwursteln”.

9 Herein, a business process is understood as in Cooper et al. 1997, p. 5: , A process is a specific ordering of work activities
across time and place, with a beginning, an end, and clearly identified inputs and outputs, a structure for action. Supply
chain business processes can cross intra- and inter-organizational boundaries, independently of formal structure.”
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make-to-stock environment, the order is served from finished goods inventory and indirectly triggers
the replenishment of stock. It wanders from the procurement processes of the downstream
company to the distribution processes of the upstream supplier and from the supplier’s procurement
processes to its next tier supplier’'s distribution processes and so on (Otto 2002, pp. 93-94). In a
perfectly integrated world, the farmer is informed in real-time about what the consumer has “on
the fork”.

Upstream Focal company Downstream

Supplied inputs Value-adding processes Demanded outputs

>Prncurémenl>> Production >> Distribution >> Sales >>Procurv|n(-nt>> Production >> Distribution >> Sales >>Procurenwnt>> Production >> Distribution >> Sales >
> Procurement >> Production >> Distribution >> Sales >

§ g * materials program + plant location + physical distribution + product program
5 w0 supplier selection + production system structure + strategic sales
= § |* corporations planning
- y: g g
ﬁ E | personnel planning + master production
£ |+ material requirements e schedulin ke distribution planning N mid-term sales
8 2 planning uing + master tour planning planning
3 E + capacity planning
g = contracts
2 8 & &
3 £ -
~ E |+ personnel plannin " lotsizing "+ warehouse * short-term
z persol planning >+ machine scheduling (> + replenishment o )
S |+ ordering materials . * sales planning
o * shop floor control * transport planning
= =

Fig. 1.2 The supply chain planning matrix in inter-organizational processes

How does SCM view distribution? SCM views distribution as a subsystem of the supply chain system
that performs all processes that relate a company’s production with its customers’ procurement
processes. From an SCM perspective, distribution has the function to integrate the flow of finished
goods from productive processes towards consumptive processes. In other words, distribution
transfers unavailable goods into available goods. Distribution has the planning processes itemized
in Fig. 1.2 classified by their time horizon. The structure of this sub-system consists of warehouses
and other nodes and the transportation links in-between them (Fleischmann et al. 2008). The scope
of SCM when discussing distribution is not only on the motion of goods “from farm to fork” alone,
but on the engineering of information flows through the stages of the supply chain in a way that
the customer’s order can wander seamlessly in the upstream direction “from fork to farm”.

1.2 Distribution-logistics for consumer goods

This section describes the distribution of consumer goods from the logistics perspective. Herein, the
chain-wide flow (“How do consumer goods flow from the upstream sources down into the
customers’ hands?”) is the broader paradigm of the investigation. The later sections of this
dissertation have a much more narrow focus on the transportation on the very last stage of the
distribution, the so-called “last mile”.
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1.2.1 Research focus: distribution of consumer goods

The distribution processes differ according to categories of distribution objects. Goods are
categorized by various criteria'®. Typical categorizations are input vs. output goods, industrial vs.
consumer goods, consumption vs. durable goods, parts vs. finished goods, physical vs. immaterial
goods, and real vs. nominal goods (Thommen and Achleitner 2006, p. 35). This dissertation deals
with and limits itself to physical consumer goods, as opposed to industrial goods. Therefore, raw
and semi-finished materials for production, services, digital products, passengers, etc. are not
discussed. The categorization of industrial and consumer goods distinguishes if a product satisfies a
final consumer demand directly or indirectly. Consumer goods satisfy final consumer demand
directly, industrial goods are inputs (including investment goods and materials) into industrial
operations and thus satisfy demand indirectly (Thommen and Achleitner 2006, pp. 35-36).

What are consumer goods (CG)? CG are used and consumed by the final customer. They are often
characterized by high standardization, low functional complexity, and modest difficulty for handling.
CG are further sub-classified as fast moving (FMCG) and slow moving consumer goods (SMCG). On
the one hand, FMCG are products of daily use, e. g. groceries and sanitary products that are bought
and consumed high-frequently, are easily substitutable and non-durable, have a basic price and
narrow profit margin, low customer engagement, low risk when purchased, and short shelf-life
duration (Ahlert 2005, p. 44; Schogel 2012, p. 374; Otto et al. 2018, p. 738). On the other hand,
SMCG are durable products of sporadic, non-frequent purchase, e. g. white goods, consumer
electronics, and musical instruments, that impose a high risk of mispurchase to the customer due
to higher technical complexity, are hard to substitute equivalently, have a long shelf-life and thus
impose risk of depreciation to the inventory holder (Ahlert 2005, p. 44).

1.2.2 On the economic relevance of transportation

In Germany, CG are usually distributed on the road, as opposed by rail, water, or air. This sub-section
highlights the predominant role of transportation on the road in the overall German logistics market.
Focusing on road transportation, goods are transported in four different modes that vary in their
typical shipment size. In order of decreasing shipment size, these are: full-truck-load (FTL), less-than-
truck-load (LTL), groupage freight (GF), and courier, express, and parcel (CEP). The smaller the
shipments are, the more shipments are bundled together in transportation in order to exploit
economies of scale in transportation, herein called “economies of transportation” (see sub-section
1.2.4).

19 Generally, objects of distribution can be classified by several of their properties: physical attributes (weight, volume,
perishability, aggregate state), technical properties and individualization, complexity, value-added service bundles, price
level, frequency or pace of sales, urgency or priority, phase of product life cycle, digitalization of the product Specht and
Fritz 2005, pp. 219-220.
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Fig. 1.3 Cost volume of logistics in Germany, 2015, in bn. EUR, (numbers selected from Schwemmer
2016, visualized by the author)

Fig. 1.3 displays estimates of the total volume of logistics costs in Germany in 2015 (Schwemmer
2016, 60-71, 83-87). The total cost volume has been EUR 260 bn. Transport is the largest fraction
having EUR 105.8 bn. (40.7%) of the total. Adding the direct administrative cost of transportation
(the total admin. costs have been EUR 38.6 bn.), the fraction of transportation increases to EUR
116.8 bn. The major share of transport is “on the road” having a total volume of EUR 85.1 bn.
(80.5%). The transportation market is further segmented into thirteen submarkets. In Fig. 1.3, the
relevant submarkets “on the road” are clustered by typical shipment size. Full-truck-load (FTL)
consists of truckload (EUR 27.1 bn.), heavy duty (EUR1.2 bn.), tank & silo (EUR 7.8 bn.), and special
equipment (EUR 11.5 bn.). Groupage freight'' (GF) having EUR 11 bn. and dedicated groupage
freight networks having EUR 9 bn. are pooled under groupage freight and less-than-truck-load
(GF/LTL). CEP logistics is one of the thirteen submarkets accounting for EUR 17.5bn.

1.2.3 Strategies for distribution networks of consumer goods

The major characteristics of the distribution-logistics of CG are (a) the deployment of intermediaries
and (b) few-to-many divergence on the later stages of the distribution chain.

CG are usually distributed indirectly, this means via intermediaries like wholesalers and retailers. The
role of intermediaries is to bundle products from many sources in their retailing channels and add
additional services to consumer goods (Brown etal. 2000). Bundling enables degression of
distribution costs per unit. Further, the value-added services that are performed in an outlet require
a critical mass in order to reduce process costs per unit. This critical mass is achieved through
bundling. For example, if all the CG that are sold in a discounter outlet were sold in separate
channels, then the physical structure and the value-added services would be duplicated. Therefore,
most CG manufacturers sell through intermediaries'.

" Schwemmer 2016 equates groupage freight with less than truckload.
'2 Original manufacturers of high-end SMCG like Vorwerk or Apple run own outlets. Other comparable manufacturers like
Stihl go a middle way by subcontracting with exclusive specialist retailers. The rational is that the products are profitable

9
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On the last mile of distribution, products are distributed into the area in relatively small order
volumes to many small and often anonymous customers. The so-called last mile problem is how to
get a product “into the consumers’ hands” (Larke et al. 2018, p. 466). The last mile and the issues
associated with it are further elaborated in subsection 1.3.

How are CG physically moved? Very large FTL shipments are transported directly to a retailer’s
warehouse. Direct shipping does not require own networks, since FTL shipments are not
transshipped. Smaller LTL shipments and even smaller shipments that require consolidation in
groupage freight are transported in networks. Logistics service providers (LSP) operate networks
that are often specialized on transporting a certain type of shipments. Networks of LSP differ in the
number of terminals and hubs. In Germany, the number of terminals is typically 23-35 (frozen
goods), 26-28 (fresh goods), 45-50 (dry goods) (Otto et al. 2018, p. 741). The shipments move
through the LSP’s network towards the customers. From a manufacturer’s perspective, the
customers are wholesalers and retailers'®>. The shipments are delivered to those customers’ own
logistics networks consisting of warehouses, cross docks, outlets, and other types of sales points.
From the retailers’ warehouses, the shipments are further distributed through the channels towards
the final customer.

In practice, blue-print strategies of CG distribution have emerged. Otto et al. (2018) elaborate three
distribution strategies focusing on FMCG: central warehousing, direct store delivery, and cross
docking (Fig. 1.4). The typical distribution strategy for SMCG is central warehousing. The key
difference between slow and fast moving CG with respect to distribution is the tendency to
centralize inventories.

Central warehousing is characterized by the manufacturer and retailer each operating a dedicated
network of warehouses. This strategy centralizes CG inventories in very few central warehouses
(CWH), from where they are further distributed. Both conceptional analyses and practical experience
show that manufacturers of SMCG operate only one warehouse for Germany or even for Europe.
Differently, manufacturers of FMCG usually operate more, typically four to five, regional warehouses
(RWH) in Germany (Kellner et al. 2013). For example, Kellner et al. (2013) report that a large German
manufacturer of dry FMCG runs three warehouses from where the German retailers are supplied.
Shipments of CG are then handed over to the retailers’ network of warehouses. These shipments
are usually LTL and consist of multiple homogeneous pallets as opposed to mixed pallets. The
transfer in-between retailer and manufacturer is performed either by the manufacturer or by the
retailer or by a subcontracted LSP. The retailer distributes the goods further through the retailing
channels into the final customers’ hands. That sort of multi-echelon warehousing is conventionally
deployed, because manufacturers usually supply many retailers and retailers usually procure from
many manufacturers. The role of CWH is to consolidate those flows of goods (Daganzo 1987).

enough to bear the additional cost, but on the other side customers value the additional (after) sales services like advisory,
financing, packaging, repairing, or cross selling.
13 Otto et al. 2018 provide some figures from publically available studies about the different types of retailers.
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Fig. 1.4 Generic strategies of distribution-logistics for consumer goods (Otto et al. 2018; translated
by the author)

Direct Store Delivery (DSD) is a strategy that forgoes the retailer's warehouse and thus also
forgoes the consolidation role of that echelon. The manufacturer takes over the responsibility to
supply the outlets with mixed pallets instead of homogeneous pallets. The distribution tour starts at
the manufacturer's RWH and approaches many stops. These stops are many retail stores or gastro
outlets or vending machines, instead of only few regional retail warehouses. As a result, the size of
delivered shipments per stop is way smaller than in central warehousing.

The rational to forgo the consolidation at the retailing warehouse and employ DSD anyway are the
reduction of distribution echelons leading to improved replenishment cycle times from manufacturer
to shelf, the customer exposure (e. g. taking orders when delivering, communicating with the
customer), market research (e. g. notice which competitors are on the shelf, too), providing value-
added services (e. g. building up displays of merchandise), and ensuring delivery service quality (e. g.
having own qualified staff instead of an LSP) (Otto et al. 2018).

A Cross dock (XD) is a retailer's regional transshipment point without any storage capabilities. In a
XD, there is only the pattern of a shipment transferred (commissioning), but not its pace (no
temporal transfer through warehousing). There are two process variants. The difference between
XD1 and XD2 is who is responsible for the commissioning process for the retail outlet: in the case
of XD1, the manufacturer owns the commissioning process in its CWH; in the case of XD2, the
retailer owns it in the XD (Otto et al. 2018). In practice, also hybrid forms of central warehousing
and cross-docking are employed, where there is a cross-docking area within a CWH. Thereby, some
items can bypass the storage process, while others are sitting there waiting to be forwarded.
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1.2.4 Economies of Transportation: the essential trade-off between bundling and
sorting

Economies of scale in transportation follow special mechanics that are herein called “economies of
transportation”. Understanding this concept and its underlying trade-off is key to configure a
distribution system with the objective of efficient distribution. The central trade-off is between
bundling (elsewhere “pooling”, e. g. Rouquet and Vauché 2015) and sorting. On the one hand,
bundling is an LSPs central tool to reduce the transportation cost per unit. On the other hand,
bundling requires sorting or consolidation processes that consume time and lockup resources.
Economies of transportation guide decision-makers in their mission to make transportation more
efficient, less costly, create more value from transportation.

The transportation costs of a single shipment increase by duration, mileage, and the shipment’s
size'. The marginal cost per kg are decreasing due to cost degression. But why do not all shipments
have an enormous size then? Because the place, time, and amount of demand is spread. Stock-
keeping of very large shipments is associated with costs and capital expenditure; too large stocks
congest warehouses, and stocks lock up cash and thereby diminish liquidity. Someone has to bear
those inventory costs. Logistics trades off the costs of transportation and the costs of inventories
(Tempelmeier 2015). Even if a manufacturer wants to move FTL because it is cheaper, the customer
is not willing to bear the higher inventory cost.

From an LSP’s perspective, there is usually no shipment-sizing decision to make — the size is
predetermined by the shipment order and the transportation service is a reflex to that order. The
sizing decision is a privilege of manufacturers and retailers, but not of LSPs. Making the trade-off
between large shipment sizes and small inventory lots, manufacturers and retailers use OR
methodology to find an optimal lot size and thereby optimize their total cost (Andler 1929;
Reichwald and Dietel 1991; Chopra and Meindl 2014). Instead, LSPs try to bundle multiple
shipments in order to leverage economies of transportation. There are three typical ways to do so:
bundling of ship-from addresses in an origin area, bundling of recipient ship-to addresses in a
delivery area, bundling of freights on the line-haul from the same shipping terminal to the same
receiving terminal or hub (Fig. 1.5).

' The size of a shipment may be a measure of weight, payload, volume, “tax weight”, or number of items. Unless
otherwise stated, | mean the weight of a shipment.
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Fig. 1.5 Typical patterns of bundling in an LSP network (Bretzke 2008, modified and translated by
the author)

However, bundling comes at some costs. An LSP bundling ship-from addresses needs to perform a
collection tour (pre-carriage). An LSP bundling ship-to addresses needs to perform a delivery tour
(onward-carriage)’. In GF and CEP networks both collection and delivery tours are necessary
(Bretzke 2008). Furthermore, bundling requires sorting processes in every terminal and in the
network’s hub. Sorting is especially time consuming because sorting has to wait for the arrival of
the last inbound relation to hand over its shipments. These additional sub-processes — pre-carriage,
onward-carriage, and sorting — make the transportation of small shipments much costlier. Fig. 1.5
systemizes those additional processes. The configuration of distribution systems exploits bundling
as much as possible to the extent when these additional costs exceed the benefits.

1.3 The last mile of distribution-logistics

The term “last mile” has different, context-specific meanings. It originates from the time when
private households first got access to the nearest local exchange. In telephone parlance, the part of
the telephone network dedicated to a single connection was called “the last mile”. Nowadays “last
mile” diffuses from wired telecommunication into the parlance of almost every network:
distribution, humanitarian relief, public transportation, power- and gas supply, wireless
communications, health and medical care. Also sports medicine and military operations use the term
“last mile” metaphorically as the hardest mile. This chapter intends to explore an understanding of
the last mile in distribution-logistics of consumer goods; what the “last mile problem” is; and why
the last mile is considered the hardest mile.

> Research on freight forwarding road transportation is driven by contributions in German language. As a result,
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