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ZF Friedrichshafen AG
ZF is a global leader in driveline and chassis technology as well as 
active and passive safety technology. The company has a global 
workforce of around 137,000 with approximately 230 locations in 
some 40 countries. In 2016, ZF achieved sales of approximately 
€35 billion (preliminary figures). ZF annually invests about five 
percent of its sales in research & development – ensuring continued 
success through the design and engineering of innovative technolo-
gies. ZF is one of the largest automotive suppliers worldwide.
ZF allows vehicles to see, think and act. With its technologies, the 
company is striving for Vision Zero – a world of mobility without 
accidents and emissions. With its broad portfolio, ZF is advancing 
mobility and services in the automobile, truck and industrial technol-
ogy sectors.
ZF customers from the automotive and industrial sectors value the 
company‘s consistent focus on improving products and services for 
their benefit. Moreover, as a supplier to the commercial vehicle 
industry, ZF sees the people who use its innovative technology in 
their daily work environments as important success factors in 
product development. The company‘s strategic focus, new findings 
based on ZF future studies and trends from the logistics branch are 
currently being integrated into cutting-edge mobility concepts. 

EuroTransportMedia
Verlags- und Veranstaltungs-GmbH
EuroTransportMedia publishing house specializes in the commer-
cial vehicle sector, primarily focusing on international transport, 
commercial vehicles and professional fleet management for both 
trucks and cars. Together, ZF and ETM commissioned the ZF 
Future Study to provide a targeted analysis of the transport industry. 
ETM intends to use the study to highlight the strong performance 
capability in this sector and its future development potential while 
also improving the image of the transport industry.

Fraunhofer IML
Fraunhofer Institute for Material Flow and Logistics (Fraunhofer IML) 
is considered the number one stop when it comes to integrated 
logistics research, which covers internal and external logistics. 
Fraunhofer IML is a public research institution that is part of the 
umbrella organization, the Fraunhofer-Gesellschaft. It was founded 
in 1981 and currently employs 200 scientists as well as 250 doctor-
al candidates and undergraduate students; it also receives support 
from colleagues in workshops, laboratories and service facilities. In 
addition to its Dortmund facility, Fraunhofer IML has locations in 
Frankfurt on Main, Prien am Chiemsee, situated on Bavaria‘s 
largest lake, and Hamburg as well as international offices in Lisbon 
and Beijing. Teams assembled specifically to meet project and 
customer needs design and develop customer-specific solutions 
across several industries and in the following areas: materials 
handling, warehouse management, business modeling, simulation-
supported corporate and system planning as well as transportation 
systems, resource logistics and E-business. 
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phasis on the shopping experience, conver-
gence of physical and digital retail), declin-
ing availability of skilled workers, actions 
taken to reduce pollution and traffic noise 
as well as safety requirements for new tech-
nologies. Like customer-driven trends, local 
conditions are contributing to cost pres-
sures on the last mile due to rising labor 
costs.

Continuously high cost pressures, unwilling-
ness on the part of consumers to pay extra 
for logistics means the only option is to in-
crease efficiency through innovation. Differ-
ent technical trends ranging from digitiza-
tion, the Internet of Things and 3D printing 
are therefore enabling logistics companies 
to overcome these challenges.

Autonomous vehicles and electric drive 
technology are paving the way toward en-
tirely new concepts for last mile structures, 
business models (such as night delivery) 
and even vehicle designs. Drones will im-
prove and become part of the last mile solu-
tion for specialized niche applications. 
Small ground vehicles (robots) will support 
package distribution and connect retailers 
with their local end customers. “We are 
seeing a potential annual volume of up to 
400m packages distributed by autonomous 
robots and probably ten times as many as 
air drones,” says Prof. Uwe Clausen, Direc-
tor of the Fraunhofer-Institute (IML).

In order to exhaust the potential of current 
trends and technical innovations, logistics 
companies, politicians and the society in 
general must decide on several important 
issues. Companies have to train their work-

ers to use digital technology; they have to 
provide substantial support for their subcon-
tractors who often lack resources to handle 
such challenges on their own. New stand-
ards for mobile communication, along with 
open standards for data exchange, encryp-
tion and security are critical technological 
factors for successfully implementing new 
technologies and garnering acceptance.

3D printing produces instant customized 
products and has the potential to make the 
rush delivery of spare parts or medical sup-
plies superfluous. Logistics companies 
should embrace this technology in order to 
drive its change instead of being stamped 
out by it. Cooperation with local retailers 
looks promising.

One major finding in the study reveals that 
customers will require a shorter “last mile” 
with many smaller depots offering short 
service times. Suitable locations can easily 
be found in rural areas while more densely 
populated regions will be harder to serve, 
according to the study. Yet customer prox-
imity will make it easier to send out electric 
vehicles and offer same day delivery servic-
es. New vehicle concepts are expected to 
enter the market and will require logistics 
companies to think outside the box. It will 
take a while yet to kill the diesel engine as it 
is gradually replaced by cleaner and more 
silent engines. Self-driving trucks in the 
service of commercial freight forwarders will 
be the first to successfully navigate safe 
and contained environments and learn as 
part of pilot projects.

The ZF Future Study 2016 closely exam-
ines last mile logistics. Based on published 
sources, interviews with relevant experts 
and stakeholders as well as the considera-
ble expertise within Fraunhofer itself, the 
authors have identified major trends and 
their ramifications in configuring future last 
mile logistics systems. In its analysis of the 
findings, the study distinguishes between 
rural, urban, and metropolitan areas. Three 
key assumptions form the methodological 
basis of the study:

■■ Assumption 1: The end customer is the 
final destination of any last mile delivery 
activity. Customer wishes and require-
ments will directly or indirectly impact the 
design of any last mile system

■■ Assumption 2: The local surroundings, 
such as infrastructure, buildings and 
traffic volumes will define the way last 
mile logistics solutions are designed and 
implemented and these local factors 
must be taken into account in the design 
process.

■■ Assumption 3: Due to the conflicting pri-
orities between end customer require-
ments and the restrictions imposed by 
the local surroundings, innovative ap-
proaches will clear the way for new last 
mile designs.

The study describes four trends which are 
expected to heavily influence customer 
behavior. These include demographic 
change, fresh produce logistics, same-day 
delivery, and environmental awareness. All 
in all, these trends will increase cost pres-

sures and result in stricter time constraints 
for the last mile. Yet rural, urban, and metro-
politan areas all have different issues to 
consider. For example, rural areas are al-
ready expensive for logistics companies 
because of the low stop densities. Transport 
volumes increase at below-average rates 
and limit possible efficiency gains.

Urban areas enjoy average growth in trans-
port volumes. Additionally, the populations 
in these and metropolitan areas have simi-
lar logistics needs. Since urban areas are 
not as productive compared to metropolitan 
areas, the study concludes that cost pres-
sures are the biggest issue for the last mile 
in urban, rather than metropolitan areas. 
Also, because metropolitan areas attract 
transport volumes with above-average 
growth not only in terms of tonnage, but 
also in terms of service quality (same-day 
delivery, fresh produce logistics). These 
factors therefore result in substantial eco-
nomic incentives to shorten the last mile 
and to move logistics hubs closer to the 
customer, so as to at least guarantee the 
utmost availability of goods required for 
rush deliveries. Lastly, people who live in 
metropolitan areas expect logistics compa-
nies to find solutions for problems such as 
traffic-induced air pollution and noise.

Logistics companies must meet customer 
demands, but also have to consider the 
local surroundings (Assumption 2). The 
next chapter of the study describes the dif-
ferent framework conditions, including ma-
jor issues such as transformation in the 
retail sector (mushrooming urban conveni-
ence stores and small supermarkets, em-
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Introduction

When looking at the often conflicting prior-
ities between e-commerce, automotive 
engineering and connectivity as well as 
customer requirements and the different 
factors involved in delivering to urban vs. 
rural areas, we are seeing that “last mile” 
logistics is changing dramatically. 

The ZF Future Study 2016 “The Last Mile” 
therefore closely analyzes these changes, 
projects forecasts for the next 15 years, 
delivers recommendations for a forward-
looking, sustainable logistics approach 
and describes the opportunities and chal-
lenges associated with current technologi-
cal trends. 

Fraunhofer IML works closely with compa-
nies from many industries, not just logis-
tics, and is in constant contact with mem-
bers of professional associations, politi-
cians and other institutes within the 
Fraunhofer Group and beyond. Access to 
this network was an invaluable resource 
for the team of authors led by Prof. Dr.-
Ing. Uwe Clausen. Internal workshops and 
interviews with external experts thus rep-
resent two of the three main support pil-
lars on which this study is based. Moreo-
ver, a balanced review of personal opin-
ions and forecasts can only be achieved if 
the results of the interviews are thoroughly 
analyzed with support from other publica-
tions and publicly available statistics. As 
such, traditional research work represents 
the third support pillar in this study.

This study takes the three following as-
sumptions as its methodical starting point:

■■ Assumption 1: The end customer is the 
final destination of any last mile delivery 
activity. Customer wishes and require-
ments will directly or indirectly impact the 
design of any last mile system

■■ Assumption 2: The local surroundings, 
such as infrastructure, buildings and 
traffic volumes will define the way last 
mile logistics solutions are designed and 
implemented and these local factors 
must be taken into account in the design 
process

■■ Assumption 3: Due to the conflicting pri-
orities between end customer require-
ments and the restrictions imposed by 
the local surroundings, new last mile 
designs will be the result of innovative 
and out-of-the-box thinking and solu-
tions. 

Following Assumption 1, the first chapter 
of the study begins with a description of 
the end customer and examines the basic 
demographic trends in society that affect 
the end customers’ logistics expectations 
and demands. In the last few years, we 
have seen the growing trend of replacing 
brick and mortar retailers with online com-
merce, which has meant an increasing 
reliance on logistics. This move toward 
e-commerce concerns not only the con-
sumers’ willingness to buy certain goods 
online at all (such as medicine), but the 
online/offline purchase ratio as well as the 
older generation’s increasing use of e-
commerce (“silver surfer”). The growing 
customer demand for faster delivery 

means that logistics companies must fo-
cus on express and same day delivery. 
The authors have therefore compiled a list 
of requirements regarding different trends 
in last mile destinations to help logistics 
providers navigate the challenges of the 
future.

The second chapter addresses the free-
doms that logistics providers do have in 
meeting customer requirements especially 
because said requirements are increas-
ingly coming up against regulatory restric-
tions. Responsibility for humans and the 
environment requires a clean, quiet and 
safe last mile. While many people benefit 
from a “sharing” economy, they want to be 
less weighted down by goods transport. 
Various courses of action are being dis-
cussed in communities on local, state, 
country and EU levels. Chapter two there-
fore focuses on the general framework 
conditions that will have an increasing 
impact on the last mile. Societal demands 
regarding logistics are thus examined from 
the points of view of both the goods recipi-
ents and citizens unwilling to accept re-
strictions to their quality of life due to 
transport and delivery issues. From the 
interconnections between these first two 
chapters, conflicting priorities emerge that 
will create problems for those involved in 
last mile logistics. 

The third chapter deals with requirements 
and framework conditions that emerged 
from the first two chapters. Based on As-
sumption 3, this chapter also describes 
selected technologies and concepts that 

will considerably impact the last mile in the 
near future. It analyzes the potential of 
these technologies to meet future custom-
er requirements or to respond to stricter 
general framework conditions. Such re-
sponses include new methods of transport 
such as autonomous vehicles, transport 
robots and drones and alternative drive 
systems such as electric vehicles and, ulti-
mately, technologies that may have a 
more indirect impact on last mile transport, 
such as digitization, the Internet of Things 
and 3D printing. Since innovative technol-
ogies cannot be the sole solution to socie-
ty’s problems, but bring with them certain 
success factors and, in turn, raise new 
questions, the findings to date must be 
compiled and synthesized.

The fourth chapter concentrates on the 
need for decisions to be made based on 
the conclusions from the third chapter. It 
therefore creates a link between customer 
requirements, general framework condi-
tions and technological trends to identify 
the necessary decisions to be made by 
logistics companies, society and lawmak-
ers. It also reveals the challenges to be 
confronted and the way in which business-
es, in particular logistics companies, can 
contribute to successfully developing last 
mile logistics in the next 15 years. 
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Introduction
Logistics is not an end in and of itself, rather its purpose is to make goods and 
information available. Ultimately, it is the end customers who indirectly determine 
how to design the logistics chains that deliver goods to them. The end customer, 
whether a company or a private person, is always the destination and target of the 
last mile. This ZF Future Study therefore 
takes the end customers’ requirements 
and needs as its starting point. Of course, 
there is no such thing as one “end custom-
er” which is why the ZF Future Study uses 
different perspectives to describe the 
attitudes, expectations and characteristics 
of potential end customers. In other words, 
this study defines the end customer not 
only as a household that orders goods 
from an online site, but also as the retailer or craftsperson to whom goods or urgent-
ly needed spare parts are delivered by a product line or company. The main charac-
teristics used to describe the end customer as a specific group include, for example, 
the age and profession of the private persons and, in the business sector, the size of 
the company’s operations.

In reality, every company and every private person has individual demands and 
expectations regarding last mile logistics. However, there are several social trends 
that cannot be ignored either now or in the future, these include: 

A

End Customer Requirements 

END CUSTOMER REQUIREMENTS

■■ Demographic change, i.e. shifts in the age pyramid that are, to some degree, 
moving in totally different directions, depending on region, but especially in  
metropolitan areas

■■ Changes in the way food is delivered to the end customer, i.e. increasingly 
through pre-packaging and  flexible delivery or pick-up 

■■ Accelerating delivery to end customers to include, for example, services such as 
same-day delivery

■■ Environmental trends which are manifesting themselves increasingly in the form  
of environmental awareness among consumers and in the efforts of business  
and industry to reduce environmental pollution and health hazards, i.e. to act as  
responsible members of society.

Since these trends are so socially relevant, they are impacting current and future 
last mile logistics requirements. Taking these trends as a starting point, a general 
picture of the social expectations regarding the last mile emerges. In contrast, the 
needs of specific end customers, such as small and medium-sized manufacturers 
and single households, are not addressed until last mile business models and 
technologies are compared and contrasted against changes in customer require-

For those looking at the future of 
logistics, they are right on track with 
“the last mile.” There is almost no 
other area that so many future devel-
opments and potential logistics  
concepts will concentrate on.
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Order and delivery services will be offered as a combined 
service focusing on target groups. Customized delivery 
concepts will become decisive factors that will make retailers 
stand out against their competitors.

The last mile will become more service-oriented, adapting to 
the individuals’ needs, the needs of an aging population and 
smaller households as well as to demands for greater con-
venience. The supply of goods needed on a daily basis will 
increase considerably due to the fact that retailers are mov-
ing out of rural areas. To improve efficiency, the currently sep-
arate processes of delivery, home care and food services will 
be increasingly consolidated. 

The greatest challenge over the next few years is to design a 
last mile that is both compatible with urban and metropolitan 
areas yet still efficient. The concept of individualization con-
flicts directly with economies of scale and the logistics con-
cept of pooling. 

The logistics industry has a poor image, its wages are below 
average and, in frequent cases, the working conditions are 
not attractive. Transport and logistics companies will find it 
increasingly difficult to find good professional truck drivers as 
well as medium and higher-level managers and executives. 
There is also a shortage of low-skill workers for package 
handling and delivery. In the future, there will be a decline in 
the number of skilled IT workers, mainly in small and medi-
um-sized companies, and they will have a hard time keeping 
up with the pace of digitization in the logistics industry. 

A1 A2
Convenience
Last mile logistics also affects the supply of food and other 
perishable goods. Not so long ago, the buying and selling of 
food or perishable goods, like houseplants and flowers, relied 
on the simple “pick-up” principle. The customer was, and for 
the most part, still is accustomed to selecting these products 
personally at the store, purchasing them and taking them 
home. From the logistics point of view, the last mile destina-
tion is the store. 

The delivery of hot meals to end customers (for example, 
pizza delivery or meals on wheels services) was exclusively 
organized by local service providers and, in general, by those 
who sold the goods. Currently, regular groceries, pre-pre-
pared box meals and complete plant arrangements are 
playing an increasingly important role in e-commerce. 

France or Great Britain are already posting sales of € 6.7 
billion or € 7.8 billion in online grocery sales. This shows that 
there are well-founded reasons to expect dynamic growth in 
fresh produce and convenience logistics. Conservative 
forecasts estimate that the German food retail sector will 
reach a market share of 5 % by 2030. Particularly for con-
sumers who do not have much time to go grocery shopping, 
the option of purchasing fresh produce online or doing some 
or all of their shopping online may be attractive. Consumers 
with heavy workloads or family responsibilities are ideal 
target customer groups.

Convenience and fresh produce logistics place high demands 
on transport processes. Goods must be kept fresh through 
passive refrigeration and delivered promptly to prevent 
spoiling. For these reasons, such shipments must be deliv-
ered not only on time, but also successfully the first time 
around. Take the example of plant deliveries: If a shipment of 
plants is not successfully delivered on a Friday, the plants 
may have already wilted or died by the time they are next 
delivered on Monday, which means they are of no use to the 
receiving end customer. Precisely because of such issues, 
individual retailers, particularly in the food retail sector, organ-
ize deliveries themselves (for example Rewe/Billa). Small 
shipment quantities and low delivery densities often make 
transports, especially in the food retail sector, look more like 
an expensive and time-consuming courier service. Currently, 
the returns from one grocery delivery must cover costs of 
roughly € 7 – 15, which, considering retail margins, will be 
quite a challenge. To compare, shipping a standard package 
currently costs a leading courier service € 2.50 – € 3.50. 
Industry experts assume that current market growth will allow 
for delivery synergies, which, using courier-like services, will 
enable shipping costs to fall to € 5 – 7 by 2030 due to a 
combination of improved delivery methods and vehicles.
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ments. That means that demographic change is the first trend 
that will have a major impact on society in the near future and 
thereby the last mile requirements that society demands. 

Demographic Change
Demographic developments, i.e. socio-political and political-
economic population trends will influence last mile logistics 
because of changes in the available workforce and consumer 
behavior.

Despite the high number of migrants and a slight increase in 
birth rates, the German Statistical Office is forecasting that 
the German population will decrease and its average age will 
increase. Forecasts indicate that in 2030 there will be 77 
million citizens (down 4 million compared to 2016) and that 
only about 17 % of them will be younger than age 20 (down 
1 % compared to 2016), all this means about 29 % will be 
older than age 65. The number of wage earners will decrease 
at a disproportionally high rate and by 2030, the number of 
people needing care will continue to grow, i.e. more than 3.4 
million people will need long-term home care. 

Currently, about 75 % of the German population lives in 
urban or metropolitan areas, with this trend on the rise. Every 
third German lives in a city with more than 100,000 inhabit-
ants and roughly one in four Germans live in Berlin or in the 
Ruhr region. Urbanization is resulting in an increasing hous-
ing shortage, competing utilization needs and major traffic 
congestion. More than half the households in big cities are 
occupied by singles (forecast for 2030 almost 60 %).

The German population according to age and gender in 2014 
and in 2030 (green line). Source: Destatis

In 2016, 1 million Germans bought their groceries online. The 
market share for online food retail only is roughly 1 % or the 
equivalent to annual sales € 1.2 billion. A representative 
Bitkom study shows that it will be brick-and-mortar retailers 
that jump-start the German market in this sector, while only 
15% of online customers buy groceries from sites such as 
e-Bay or Amazon. Experts assume that the reason for this is 
the high concentration of supermarkets in Germany. It is just 
easier and cheaper for potential customers to buy groceries 
from “corner grocery stores” instead of making the effort to 
buy groceries online, deal with delivery and pay extra for it. 
So it comes as no surprise that smaller markets such as 

Convenience Food – Annual Sales in Various Countries 2016

Billion €

Germany Netherlands

France USA

Great Britain

1
2
3
4
5
6
7
8
9

0

10

20

30

40

50

60

70

80

90

100 years

700
women

700
men 0

10
11
12

END CUSTOMER REQUIREMENTS



12 13

A3
Same Day Delivery
Same-day delivery means that an ordered product is deliv-
ered on the same date it was shipped. International experts 
have different views regarding the future significance of 
same-day delivery, which range from “relevant niche market” 
to a “revolution in logistics.” Yet don’t forget that in markets 
that cover large geographical areas or in markets with less 
infrastructure, for example, transport and delivery will take 
longer than in Germany. A non-express package that can be 
delivered in Germany within 24 hours will take a week or 
even more to be delivered in North America. This means the 
same-day delivery there is rare. 

With its slogan “heute da” (here today) and in cooperation 
with the courier service Tiramizoo, „Notebooksbilliger“, a Ger-
man electronics and appliance retailer introduced its same-
day delivery service in the greater Hanover region in April 
2012, thus making it a pioneer in same-day delivery busi-
ness. However, in May 2013, it halted this service due to low 
demand. But by the end of 2015, the time seemed ripe for 
same-day delivery in Germany. This time, Amazon began 
offering same-day delivery and pioneer Notebooksbilliger 
tried again, this time working with the German logistics 
company GLS. Same-day delivery is usually offered in 
selected regions, generally those with dense populations. 
The fast-moving urban lifestyle featuring small households 
with high income earners seems to be the strongest growth 
driver in the same-day delivery market. Currently, same-day 
delivery is considered a niche market, an opinion shared by 

potential service 
providers. Ac-
cording to a study 
conducted by the 
German e-com-
merce and cross 
channel associa-
tion in Cologne 

(EEC Köln) and time:matters, a provider of customized 
transport services, only about 3 % of all German online 
retailers offer same- day delivery, though one third of them 
could imagine offering it. 

In principle, 40 % of German consumers would be willing to 
pay for same day delivery and 50 % of online consumers in 
Germany, France and Sweden say that they would be willing 
to pay approx. 10 % of the product‘s value. The study also 
states that 70 % of German consumers would consider 
paying between € 3.50 and € 4.50 for same-day delivery. 
There is little expertise on the market potential of same-day 
delivery and any existing expertise is based on a McKinsey 
study that puts Germany second, behind Great Britain, in its 
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ranking of same-day delivery market potential in 2020. 
According to this study, the market potential is estimated at € 
1 billion, mainly based on luxury goods, like fashion or elec-
tronics. However, the study also shows that many synergies 
between same-day delivery and convenience or fresh pro-
duce logistics can be leveraged since perishable goods or 
refrigerated goods will benefit from being delivered as fast as 
possible. Same-day delivery could gain an above-average 
market share, particularly in urban areas and could even 
replace, in part, conventional next-day delivery. Both local 
densities and demographic trends will create promising 
market conditions, while same-day services in suburban 
areas is still considered a challenge because of delivery time 
and effort. Therefore, in suburban and rural areas, same day 
delivery will still be the exception and not the rule, even by 
2030. At the same time, same-day delivery can be viewed 
either as an opportunity or a threat to local retail businesses 
in urban areas. If online markets, supported by courier, 
express and package services, succeed in imitating the 
unique selling point „immediate availability,“ they might put 
pressure on local businesses. Before that happens, during 
the early stages of same-day delivery, local companies could 
establish their own delivery service, thus increasing the 
quality of the short distance supply line and make them-
selves more attractive. Sales will then stay local instead of 
being transacted in cyberspace.

Same-day delivery is a new phenomenon on the last mile. Its 
primary goal is to successfully transfer the pizza delivery 
service concept to any business sector. In general, same-day 
delivery is not suitable for traditional package services and 
would have to create new last mile routes short enough so 
that the promised delivery times can be met. Retailers will 
not only need storage space closer to the end customer, but 
also the ability to get a quick overview of their inventories, a 
cost-efficient method for compiling orders and the ability to 
proactively plan and forecast throughout the entire system. 
Same-day delivery also requires high flexibility when it 
comes to integrating last-minute orders into ongoing pro-
cesses. There are several realistic options for retailers them-
selves. For example, they may either trust in the innovative 
thinking of the conventional courier, express and package 
delivery service (for example the cooperation between DPD 
and Tiramizoo), hire local courier services or establish their 
own fleets (Sainsbury and Tesco in Great Britain and Rewe/
Billa in Austria). DHL is a good example of changes occurring 
in the courier, express and package delivery service industry. 
It offers two fixed delivery time windows (6 – 8 p.m. or 8 – 10 
p.m.) for certain same-day regions (densely populated 
areas). Same-day shipments are delivered during these time 
windows, but only regular packages. Sensitive goods, such 
as those delivered by convenience and fresh produce logis-
tics, will have to be delivered separately in the future. If 
same-day delivery can establish itself as a standardized 
mass product, warehouses will move closer to the end 
customer. This will make the costs worth it because they will 
be lower than with conventional package shipments because 
there will be no longer be a need for long distance transport 
between sorting facilities. However, what remains uncertain 
is whether the end customer will notice this benefit. Decen-
tralization will reduce cost benefits in warehousing.
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Package delivery must be adapted  
to the customer‘s daily routine,  
not vice versa.

By 2020 a market potential of 15 – 20 % 
of B2C packages for same-day delivery is 
quite realistic.
Dr. Karl Pfaff, Director Sales Development,  
General Logistics Systems Germany GmbH & Co. OHG
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Sustainable Local Transport 
Combustion engines and diesel engines, in particular, are 
the main producers of NOx and particulate matter (PM) 
emissions. Not only that, the use of fossil fuels in the trans-
port industry is a major contributor to global greenhouse gas 
emissions. The debate on climate change often focuses on 
the regulatory requirements regarding environmental sus-
tainability along the last mile. In contrast, this section of the 
study focuses first on the needs of consumers as the final 
decision-makers primarily at the point-of-sale, and not as 
political decision-makers at the ballot box. In other words, 
since customers pay more attention to environmental factors 
when buying products, they therefore expect that the delivery 
of their goods be just as “environmentally sustainable” (on 
the part of the retailer or the delivery service).

Logistics is often perceived as a source of irritation, especial-
ly on the last mile, either as a traffic obstacle or, increasingly, 
as a factor that has a negative impact on air quality and, 
thereby, quality of life. There is general consensus that air 
quality in cities has gone from acceptable to making people 
sick. This has caused environmental groups and local citi-
zens to campaign for traffic restrictions on high-emission 
roads. Yet Germans have a somewhat ambivalent attitude 
toward nature and when it comes to logistics, they “want to 
have their cake and eat it too.” Consider these statistics: 93 
% of Germans consider clean air a sign of unspoiled nature 
while one-third of the population feels close to nature and 
considers protecting the environment a personal concern. 
Also, while 21 % share a feeling of closeness to nature, they 
do not think that there is an urgent need to protect the envi-
ronment. In fact, since the 80s, there has been less of a 
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willingness, mainly among those under age 35, to accept life-
style restrictions that will benefit the environment. However, 
there are a few areas in which environmental protection 
trends have been identified, for example, detergents. Since 
the beginning of this century, European households have 
been changing over from doing their laundry in hot water to 
cold water. In Great Britain, the percentage of cold-water 
laundry rose from 2% to 21 % and, in the Netherlands, from 
5% to 52 % in 2012. However, the reason for this change is 
not a rise in environmental awareness, rather the need to 
reduce energy costs. In U.S. households, roughly 3 % of 
their overall power consumption is used for hot-water laundry 
cycles. These figures demonstrate that there doesn‘t always 
have to be a conflict between environmental and economic 
objectives. 

Other examples of an alignment between environmental and 
economic objectives include coffee or plants. Consumers 
accept markups of more than 10 % for these products if they 
are labeled fair trade goods or goods from organic growers 
(the “Fair Trade” seal coaxes 70 % of US Americans to pay 
15 % more for coffee while the GEA label encourages the 
Dutch to accept a 30 % markup for plants). Nevertheless, 
consumers are very price sensitive in several sectors, for 
example meat prices. The organic meat market is still a 
small niche. Yet compared to such products, environmental-
ly-sustainable logistics is a novelty. Though several package 
delivery service providers advertise the option of “CO2-neu-
tral shipments,” they still deploy conventional transport 
vehicles for which they make compensation payments to 
environmental protection groups or projects. 

Comprehensive zero local emission transport is currently 
found only when bicycles are used along the last mile. 
“Green package” delivery is still a niche. According to the 
sustainability report from DPDHL, the Deutsche Post DPL 
Group, a leading mail and logistics company, this shipping 
option represented only 4% of shipments. Meanwhile the 
company has made it a standard practice to provide CO2-
neutral transport for packages sent by private people without 
charging additional fees. The group assumes that as early as 
2020, roughly 30 % of end consumers will be willing to pay 
extra for “green packages”. Among consumers between the 
ages of 20 and 39, it‘s already two in five. Major corporate 
customers believe that by 2020 already 77 % will expect 
them to provide sustainable local transport options. Accord-
ing to the German Federal Environmental Agency and GfK, a 
major German market research company, the “green prod-
uct” market is growing by more than 5 % per year. This is in 
line with the trend for 2030 that environmental awareness 
will continue to rise. However, whether consumers will be 

willing to accept restrictions or to pay considerably more for 
“green services” has yet to be determined. From the con-
sumer‘s perspective, it is up to logistics companies to make 
the next move while logistics companies believe that con-
sumers first have to be willing to pay more for it and require 
the government to establish clear regulations or framework 
conditions at national level or, even better, at a European 
level. 

The many stops and starts during deliveries are why the last 
mile causes a disproportionately high percentage of emis-
sions. Equally high is the public pressure placed on logistics 
companies to make this part of the transport chain “green.” 
Traffic emissions are generated by the following four driving 
factors: 

These four driving factors show the need for action that is 
emerging based on society’s demand for environmentally-
sustainable transport. Since consumption patterns in our 
society determine the transport volumes, last mile logistics 
has the following options:
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■■ Traffic volume along the last mile which is increasing at a 
disproportionately high rate

■■ The type of delivery truck or vehicle

■■ The specific energy consumption of the transport vehicle, 
i.e. the fuel consumed per mile or kilometer 

■■ The volume of pollutant emissions per energy unit, i.e.  
the “cleanliness” of the energy used. 

■■ Shorten transport routes

■■ Use highly efficient delivery and transport vehicles

■■ Choose “clean energies” as the “fuel” for transport vehicles 
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Preliminary Conclusions 
What image of the pending future can be drawn based on 
the various end-customer trends? The answer to this ques-
tion will determine how potential approaches to last mile 
logistics emerge.

First of all, existing studies and forecasts have not formed a 
uniform image, rather several diverse images of current 
customer requirements and their resulting changes in the 
economy and consumer behavior – and therefore also the 
last mile. With this in mind, the following working hypotheses 
should not be considered universal, but should simply help to 
typify developments in rural, urban and metropolitan areas 
by making fundamental statements on overall trends.

Rural areas 
The appeal of urban and metropolitan areas has drawn many 
young professionals and their families away from rural areas. 
This has meant that the average age of people living in rural 
areas has rapidly risen along with a higher average number 
of people in one household (lower number of single house-
holds). Also in line with this migration away from rural areas 
is the rising number of quality conscious consumers who 
value robust, technologically mature products with long 
service lives that are easy to use. By 2030, the generation of 
consumers who have experienced the evolution of the home 
computer will be in 
their 50s and 60s, 
so that familiarity 
with digital technol-
ogy and e-com-
merce can be 
assumed.

In addition, older 
consumers in rural 
areas will have 
more free time and 
a higher disposable 
income compared 
to young profes-
sionals with fami-
lies. This means that they will not rely on same-day delivery 
and other online services as much. Potential delivery servic-
es provided by local supermarkets will therefore compete 
with a majority of residents who own their own cars and have 
little need of grocery deliveries compared to working profes-

sionals in cities who do not own a car. That‘s why, in rural 
areas, the demand for convenience logistics will mainly be 
relevant for local or specialized retailers. Since the driving 
factor „food logistics“ is, in fact, no longer a factor and the 
expenses for fast deliveries in rural areas are considerably 
higher than in urban areas, same-day delivery does not hold 
a great deal of market potential. Lastly, longer delivery routes 
and distances in rural areas is just one more reason why 
consumers will not be interested in zero local emission 
delivery, especially since air pollution will not reach hazard-
ous levels.

In conclusion, the transport volumes in rural areas are rising 
at a below-average rate. In fact, there is a greater demand 
for high-quality products; groceries and fresh produce logis-
tics is therefore appealing only to local providers. Vehicles 
that deliver bulk goods and package delivery service provid-
ers must drive long distances with transparent shipping 
volumes which considerably increase last mile expenses in 
rural areas. Environmentally-friendly or green logistics are 
low priority concerns in rural areas. 

Urban areas (small and mid-sized cities) 
Mid-sized cities often grouped around larger metropolitan 
areas and used as bedroom communities by people working 
in metropolitan areas will experience exponential population 
growth in the near future. Families seeking a balance be-
tween good infrastructure and outdoor recreational opportu-
nities are moving to such areas. Due to their proximity to 

metropolitan areas, there are extensive networks of freight 
forwarders and courier services so that residents can also 
benefit from same-day delivery and fresh produce logistics. In 
contrast to large metropolises, cities with lower population 
densities create greater pressure on delivery success be-
cause there are fewer delivery alternatives (delivery to neigh-
bors, mail stores or delivery to automated package storage 
station). Residents of smaller cities will demand environmen-
tally sustainable delivery options as much as people living in 
metropolitan areas since their city is a place of rest and 
relaxation, which means clean air is an absolute must for a 
high quality of life.

In conclusion, the transport volume in mid-sized cities is 
growing at an average rate, consumer patterns are similar to 
those in metropolitan areas, but are mainly driven by families 
with little time for shopping. The demand for same-day deliv-
ery and environmentally-sustainable deliveries are the same 
as those in metropolitan areas, but for different reasons. 
Alternative delivery options are difficult and routes are longer 
which make last mile logistics more expensive. 

Metropolitan areas
The dynamics of heavily populated metropolitan areas are 
the reason why the trends described here have a significant 
impact on the last mile. High population densities and numer-
ous single households with little time for shopping are creat-
ing the perfect conditions for convenience and fresh produce 
logistics. In other words, metropolitan areas offer a strong 
market potential with short distances between cold storage 
warehouses and the end customers as well as numerous 
delivery alternatives. This also applies to same-day delivery, 

which is considered particularly appropriate for grocery deliv-
ery. In the future, environmental restraints will increase in 
urban and metropolitan areas. In fact, the EU is already 
exerting pressure on several cities whose emissions values 
are exceeding contractually agreed limit values to make a 
serious effort to better protect the health of their residents. 
Stuttgart and Leipzig are just two examples to mention here, 
along with other cities facing similar problems, such as Graz 
and Bratislava. The pressure to take action by redesigning 
the last mile based not only on goods in demand but also for 
health reasons has reached an urgent level if looked at 
against the backdrop of decarbonization goals described in 
the White Paper.

In conclusion, transport volumes in metropolitan areas are 
growing at an above-average rate. Demographic changes 
are creating more young professional family households and 
single households in cities. These consumers will use gro-
cery delivery services more frequently than in the past and 
will drive the same-day delivery trend, which will require 
goods to be available locally in order to shorten the last mile. 
This will require smaller distribution centers. These two 
factors will drive the growth of same-day delivery. Overload-
ed infrastructures will be faced with additional transport 
demands which will require creative solutions when it comes 
to delivering goods to the customer quickly while keeping 
emissions low.

We assume that B2C volumes will 
grow faster than B2B volumes. This 
will not only change the group of 
recipients, but also destinations. 
Because goods will be increasingly 
delivered in city centers, last mile 
delivery will become more difficult. 
[…] I imagine that logistics compa-
nies will have to rely on separate 
delivery systems for B2C and B2B.
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Introduction 
The last mile exists neither in a vacuum nor on the logistics planner‘s drawing 
board, but in, physically, highly heterogeneous environments in which the delivery 
destinations, addressees and recipients are all located. A distinction between 
private and commercial recipients clearly shows that even in areas which are 
presumably quite homogeneous, delivery conditions might be quite different. As a 
rule, most deliveries to commercial customers are made to industrial areas outside 
the city. Retail stores and businesses, however, need to be close to the customer 
and are located in city centers, which are not reached so easily. No two private 
customers are the same. Detached single-family homes in rural areas offer easy 
parking and maneuvering options which means that even cargo deliveries can go 
smoothly. Lack of space in preferred residential neighborhoods in metropolitan 
areas with restricted maneuvering options already makes reaching the delivery 
destination difficult. Furthermore, there is a significant difference between private 
and commercial customers concerning the time of day they can be reached. In 
contrast to private residences, companies have fixed business hours and staff to 
accept deliveries.

Accordingly, this study assumes that the surroundings along the last mile will define 
the game rules and design options that logistics must adhere to along the route to 
the end customer. There are other special factors that are linked with the geograph-
ic surroundings themselves, including infrastructure, traffic volumes but also deliv-
ery time frames and restricted access to low-emission zones. The availability of 
skilled workers is another essential factor in logistics because skilled workers are 
indispensable in last mile transport and delivery. This chapter will purposefully 
highlight the following trends that define the playing field of the last mile in terms of 
freedom to operate and the design options open to logistics companies:

The above-mentioned factors are already foreshadowing future developments. That 
is why they will first be characterized and ultimately blended with customer require-
ments to create an overall image of the desires and targets as well as opportunities 
and limits along the last mile. Last mile logistics companies must find the answers 
to these emerging challenges. The next step will be an analysis to determine 
whether specific innovations will provide solutions to these challenges and what 
impact this will have on the stakeholders of the last mile.

GENERAL FRAMEWORK CONDITIONS

General Framework Conditions 
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■■ Change and renaissance in city centers

■■ Availability of skilled workers

■■ Clean air regulations

■■ Quiet logistics

■■ Requirements for a reliable last mile supply chain
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City Center Changes and Renaissance
Urban and metropolitan areas are popular residential areas 
and have therefore always been attractive to retailers, 
though, with the onset of the e-commerce revolution, they are 
facing a rising number of challenges. Brick-and-mortar retail-
ers are responding to these challenges, especially in city 
centers where they can reach a high number of consumers 
with little effort and where convenience and a fast lifestyle 
dominate shopping behavior. As a marketplace, the city 
center is changing so fast that for certain trends, such as 
convenience shopping, the pace has further accelerated over 
the last 5 – 10 years. 

We have identified three essential trends that will mark these 
years until 2030. The first is downsizing and population 
density. Only 5 % of all new stores opened between 2011 and 
2012 were located in rural areas, while, in contrast, about 80 
% opened in city centers. Even business sectors that normal-
ly flock to rural areas are trying to obtain retail space in city 
centers. Take IKEA as example. It opened the world‘s first 
IKEA franchise in a pedestrian zone in Hamburg-Altona. 
Bauhaus, an important German DIY chain opened a box 
store in the center of Stuttgart in 2015. In 2000, roughly half 
of all shopping centers were built in city centers, but by 2014, 
this number had risen to 78 %.

The food retail industry is expanding into related business 
sectors by opening urban convenience stores, small stores 

B1

covering a surface area of about 130 square meters in busy 
areas, such as near bus or metro stops or pedestrian zones. 
The REWE Group’s new retail spin-off “REWE to go” offers 
freshly made food ready for immediate consumption. One of 
the advantages of this new business model is the fact that it 
is limited to about 
1,500 different 
products. The 
Swiss co-opera-
tive association 
„Migros“ high-
lights this trend 
with its new 
convenient store 
concept. It targets young people on the go who don‘t have 
time to cook by offering a bit of comfort to their fast-paced 
lifestyle. With EDEKA’s takeover of Spar Germany in 2005, 
the opening of the first REWE to go market in Cologne in 
2011 and, more recently, the entry of Dutch Ahold Group („AH 
To Go) into this market in 2012, this convenience store trend 
is rapidly gaining momentum. 

The „Spar Express“ brand gives EDEKA access to its 13,000 
JET gas station convenience stores. Because roughly 60 % 
of fuel station revenue is generated in the store, it is not 
surprising that Ahold has enjoyed a cooperative agreement 
with Shell since summer 2016 to increase its presence in 
Germany. Moreover, REWE is working on a special concept 
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for cities with 100,000 or more inhabitants, namely, its Rewe 
CITY markets. These are small stores with a surface areas 
ranging between 500 and 600 square meters, making them 
smaller than standard supermarkets and without offering the 
full product range. The idea is to improve local supplies 
through greater proximity, individuality and service. Here is 
where this trend overlaps with the next rising trend of upgrad-
ing the shopping experience. The CITY concept has inten-
tionally moved from the suburbs into cities to offer shorter 
distances, consulting and other services. One example of 
how market upgrading works can be seen in a Lidl subsidiary 
in Berlin where several apartments were built on top of it to 
integrate the supermarket into the city landscape instead of 
continuing to build look-alike stores. In the non-food sector, 
the success of the shopping center shows that shopping at 
brick-and-mortar stores is increasingly viewed as a social 
event. Therefore, a conscious distinction is made between 
the impersonal online world and products that can be 
touched, face-to-face consulting and other services, the 
shopping ambience and various associated services, includ-
ing delivery, installation and disposal of old products. Shop-
ping centers are increasing their presence in city centers and 
are trying to rid themselves of their alleged faceless image. 
ECE, the operating company behind 136 German malls, sees 
the shopping mall as a „unique identity-forming destination of 
the respective city, which is in line with the goal of turning 
„shopping“ into a special event. 

Yet not every upgrade effort can guarantee success. The 
German start-up “Emmas Enkel [Emma‘s Grandchild],” which 
is a reference to what the German‘s call a Tante Emma 
Laden [Aunt Emma shop] or small corner store from the last 
century, was founded in Duesseldorf in 2011. However, it was 
taken over by Metro in 2016 and has totally shifted to the 
world of online retail, so that all subsidiaries were closed. The 

merging of the online and offline worlds is the third essential 
trend. The success of various e-commerce platforms is 
impressive. For example, between 2008 and 2016, total sales 
more than doubled from € 18.9 billion to € 43.3 billion. It is 
expected that sales will triple to € 60 billion by 2020, com-
pared to the volume generated in 2008. It is not surprising 

that brick-and-
mortar retailers 
want to return to 
the good old days 
of strong sales 
and compete with 
exclusively online 
retailers by estab-
lishing online 
presences them-

selves. Since 2014, local retailers in one city have joined 
together under the „atalanda“ platform to offer their products 
along with either same-day delivery or by click and collect. 
The platform itself provides active training and support to the 
local retailers in the design and display of their goods online. 
The initiative „Moenchengladbach at eBay” uses a similar 
approach. Brick-and-mortar retailers are displayed on a 

special subpage of E-Bay. Such brick-and-mortar stores can 
now enjoy greater visibility and yet another bonus, their online 
stores are always open. So even if consumers understand the 
store as a mere showroom, these retailers may succeed in 
diverting sales away from the online world. While the brick-
and-mortar retailers are moving toward an online option, 
online retailers are becoming more interested in a physical 
presence in stores. Online retail giant Amazon plans to in-
crease the number of its pop-up kiosks covering 30 – 50 
square meters to about 100 locations in North American 

What we all want is a colorful city 
worth living in. Logistics ensures a 
broad range of available goods and 
thereby attractive city centers.

The city with all its local retail  
branches is a gigantic warehouse  
for fast and efficient delivery – but 
many retailers have not noticed  
that yet.
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shopping centers. Currently, the primary objective of these 
locations is to display its „prime“ video and music streaming 
services as well as Amazon‘s own electronic products (Fire 
TV, Echo loudspeakers or Kindle devices) and boosting 
sales. Not only that, Amazon intends to return to its roots as a 
mail order bookstore by opening physical bookstores. This 
trend can also be seen in Germany where, in 2014, Zalando 
opened several stores, which it considers more of a pilot 
project and sales outlet for class B merchandise. Other 
retailers, like Cyperport, mymuesli and Notebooksbilliger are 
already operating numerous branch stores (for example in 
Munich, Berlin, Hamburg) to support their online presence. 
This clearly shows that online retailers are opening stores 
almost exclusively in urban and metropolitan areas. The 
Cologne Retail Research Institute (IFH Köln) assumes that 
the current number of stores, which is currently around 100, 
will rise to 2,500 by 2020.

What do all these trends in city center retail mean for the last 
mile? If the number of urban convenience stores operated by 
larger retailers rises, thus consolidating local supplies, it 
would also mean these stores will need fresh produce deliv-
eries. Since they are quite small compared to conventional 
supermarkets and operate in line with the daily routines of 
their local customers and their food needs, each market will 
require several fresh produce deliveries a day. A study con-
ducted by the Bochum Chamber of Industry and Commerce 
revealed that hybrid business models in online and offline 
retail increase distribution (+31 % of truck traffic by 2025) 
from and into the city. Since these markets are located close 
to heavily frequented areas, both getting there and goods 
delivery will be time-consuming and cost-intensive particular-
ly compared to other last mile transport options. The trend of 
upgrading the shopping experience will impact the last mile 
only in that logistics services (for example assembling, instal-
lation, disposal of old products) will be in greater demand to 
create a particular shopping experience. Only if we go back 
to the old days when goods were not brought home by the 
purchasers, rather delivered by the retailer, will conditions 
become more favorable for same-day systems that will 
collect the goods in a city and deliver them within specific 
time windows in the evening. If stores in city centers are 
turned into showrooms with an online store, the impact will be 
almost the same. In both cases, however, the need for ware-
housing goods in high demand near the point of sale will 
grow since the last mile must be covered quickly. In metropol-
itan areas, there is already intense competition for retail 
space. Due to the low margins, logistics service providers 
cannot pay the high rent or lease for city center locations. 
Noteworthy is the fact that these trends in the food retail 
sector occur almost exclusively in big cities (see REWE‘s 
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B2
Shortage of Skilled Workers
For several years now, the logistics industry in Germany and 
in other countries has been facing a growing shortage of 
skilled workers. However, one of the goals of this study is to 
focus on skilled workers active in last mile logistics. After all, 
they are also the “face” that the customer sees. Keep in mind 
that this shortage is also a problem upstream from the last 
mile, for example, in logistics centers and long distance 
transport. 

Germany‘s Federal Employment Agency assumes that it is 
solely demographic issues that explain the falling workforce 
numbers, especially the availability of skilled workers with a 
view to 2030. By 2025, the number of workers on the job 
market will drop 6.5 million, and 50 % of the population will 
be older than age 50. Accordingly, the logistics industry may 
have fewer potential last mile employees to tap into over the 
medium term. Currently, we have already seen that the 
logistics industry has lost roughly 60,000 drivers due to the 
economic crisis of 2008/2009. Moreover, we expect that 
about 200,000 drivers will have retired from the workforce by 
2020. According to estimates, the number of drivers will 
further drop by 9,000 per year despite training opportunities. 
In addition to this shortage, the economic upswing and the 
German minimum wage act have put additional cost pressure 
on last mile logistics. According to studies conducted by the 
German Association of Commercial Transport and Logistics, 
wage costs in the local transport and delivery segment 
amount to 45 % of the total costs which makes it the biggest 
cost factor and the fastest-growing cost expense. 

Both industrial and private customers are exerting consistent-
ly high cost pressures on logistics. This means any innova-
tive last mile solutions, such as improved delivery services, 
will be welcomed by recipients, though they are only willing to 
pay so much more for this service. The last mile therefore 
operates under a high wage-driven cost pressure, which 
makes German freight forwarders employ drivers who are 
willing to accept moderate wages. About 13.7 % of logistics 
drivers are foreigners, which is above the average of 9.6 % in 
Germany. Foreign employees are definitely an important 
pillar of last mile logistics. According to findings from the 
German Federal Employment Agency, logistics is the second 
most popular industry to work in among refugees. However, 
the last mile is an industry that requires intense contact with 
the end customer. Job advertisements placed by courier 
services require not only that employees „enjoy meeting 
people,“ „physical strength,” but also „a very good command 
of the German language.“ Training and eliminating language 
barriers are very important requirements in this business. 
Courier, express and package delivery service providers 

have begun to address these issues. The German inter-trade 
organization BIEK is currently cooperating with the German 
Ministry of Traffic and Digital Infrastructure and with the 
Federal Employment Agency to establish a training program 
adapted to the special needs of migrants. Solving the dilem-
ma of cost and quality will be one of the biggest challenges 
for last mile logistics up until 2030. Forecasts are being made 
that the shortage of professional drivers will rise to about 
30,000 to 50,000 by 2020. This development is not limited to 
Germany. In the U.S. there was a shortage of roughly 
200,000 drivers in 2011. By 2020, 1 million people will be 
needed to replace those heading into retirement.

Logistics companies are currently relying on specialized 
satellite navigation systems to use time and fuel as efficiently 
as possible along the last mile. UPS uses a special routing 
software to avoid as many left turns as possible on the last 
mile, thus minimizing stops at main roads and traffic lights. 
With a view toward 2030, the advancing deployment of digital 
technology and assistance systems will mean higher driver 
qualification requirements which will not ease the search for 
well-qualified and skilled drivers. 

Worker availability is a factor that will increase cost pressures 
on service providers in last mile logistics. Even assuming the 
unrealistic scenario that the same things will have to be 
transported at the same quality and speed in 2030, it must 
also be assumed that an overall older workforce will have to 
perform these tasks – unless workers are recruited by offer-
ing them higher wages, which means last mile wage costs 

focus on cities with 100,000 inhabitants or more). Rural areas 
are looked at when planning retail chains because the con-
cepts are designed to counteract the effects typical for urban 
environments. Bulk processing, standardization, de-individu-
alization all mean a lack of service orientation. Even before 
online retailers rose to such prominence, the number of local 
retailers was falling in rural areas, but rose in the surrounding 
urban areas. When looking at the future, we foresee that 
growing online retail will exert pressure on the remaining 
brick-and-mortar retailers in rural areas and the volumes of 
goods to be delivered there. 
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will continue to rise considerably. In low-population areas 
where a lot of time and energy has to be invested in driving 
from one stop to the next, there is a rapidly growing incentive 
to try innovative solutions. Moreover, society’s rising average 
age will be a challenge since the high work-related stress 
caused by last mile logistics, combined with aging, might 
have negative effects on health and productivity. The shrink-
ing pool of qualified employees will encourage logistics 
companies to make every effort to keep experienced workers 
on as long as possible and to align physical strains required 
by the job to the employee‘s age. There is a need to increase 
technical productivity and ergonomics in existing solutions to 
keep workers satisfied in their jobs and in good health for a 
long time. Digitalization may provide opportunities, but the 
downside could certainly be the need to demand better 
qualifications from a small pool of employees. In the near 
future, shared economy phenomenon will raise the question 
of whether growing pressures on the last mile caused by a 
shortage of skilled workers (cost pressure in rural areas, time 
pressure in urban areas) could be compensated for by micro 
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B3
Clean Air Regulations
The debate on climate change, carcinogenic air pollutants 
and reduced life expectancy among city residents are driving 
society‘s demand to reduce traffic emissions by banning 
conventional fossil fuels (decarbonization). The climate 
conference held in Paris in 2015 defined the period between 
2045 and 2050 as a target corridor for greenhouse gas 
neutrality. In the context of this study, we have assumed that 

by 2030 a 
substantial 
percentage of 
the traffic vol-
ume along the 
last mile will be 
subject to more 
rigorous social 
and political 
control with 
regard to saving 
the environment 
and protecting 
human health. 
This means that 
also by 2030, 
last mile con-

cepts and technologies that allow for environmentally-sus-
tainable traffic must be visible. 

Since January 1, 2005, particulate emission limits have been 
in place for all of the EU, allowing an annual average of 40 
micrograms per cubic meter per day as well as a maximum of 
50 micrograms per cubic meter in one day. The annual daily 
average must not be exceeded on more than 35 days a year. 
According to measurements from Germany‘s Federal Envi-
ronmental Agency, these values are regularly exceeded in 
many German cities, not only in densely populated areas 
such as Berlin, Leipzig or Stuttgart, but also in mid-sized 
cities and towns such as Frankfurt an der Oder or Muehl-
hausen (Thuringia). This has caused the EU to initiate treaty 
violation proceedings against Germany regularly since 2009 
to put pressure on Germany to take action. The situation is 
similar with nitrogen oxide emissions, whose threshold values 
were exceeded in Cologne, Bonn, Aachen, Duesseldorf, 
Essen, Gelsenkirchen and Frankfurt on Main in 2015. This 
caused organizations like the Deutsche Umwelthilfe (German 
Environmental Relief Association) to take legal action against 
several German states.

In 2011, as part of the international effort to drastically reduce 
greenhouse gas emissions worldwide and keep global warm-
ing levels below 2 °C, the EU issued a white paper entitled 
“Roadmap to a Single European Transport Area – Towards a 
competitive and resource efficient transport system“. To 
achieve the end goal of reducing emissions in the EU by 
80-95 % compared to 1990 levels by 2050 means that traffic 
emissions will have to be reduced by 60 % compared to 1990 
levels or by 70 % compared to 2008 levels. Traffic emissions 
are currently about 10 % above the 1990 levels. Since logis-
tics is the physical backbone of a sharing economy, artificially 
restricting the mobility of goods is not an option for the EU. 
Rather, efforts are being made to increase efficiency and 
distribute new technologies in the transport industry. With 
regard to the last mile, the EU has been very clear regarding 
urban and metropolitan areas: It essentially wants to achieve 
zero local emission city logistics by 2030. The Clean Air for 
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jobbing or crowd sourcing the delivery of smaller shipments. 
The international success of Uber or Lyft shows that funda-
mental digitalization of the last mile may open the door for 
such options. 

One of the biggest challenges and 
imperatives over the next few years 
will be the transformation toward 
more sustainable metropolitan logis-
tics. Sustainable means cleaner and 
quieter! There is no magic formula to 
achieve this goal – but innovative ideas 
will be useful. There are already signs 
that logistics companies are thinking 
outside the box and coming up with 
innovative solutions!
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Europe or the CAFÉ initiative shows that the EU is taking 
action based on this white paper. The initiative‘s goal is to 
reduce air pollutants to levels that prevent sustained damage 
to humans and the environment. Shell’s commercial vehicle 
study assumes that by 2040 the energy demand from trucks 
will decrease by about 13 % and emissions by about 20 %. 
Based on a study released by the research institute AVISO, 
the German Association of the Automotive Industry (VDA) 
expects that by 2020 fleets will be modernized to reduce 
nitrogen oxide emissions by about 17 %. When measured 
against the EU goal to reduce greenhouse gas emissions by 
about 80 % by 2050, the auto industry must develop clean 
and efficient alternatives to the diesel engine and that certain 
sections of the transport chain along the last mile must be 
completely reconfigured. 

Actions to reduce or prevent air pollution have been noticea-
ble in Europe for several years. These actions, in terms of 
both carrying them out and the public’s perception, are coin-
ciding with efforts by cities to reduce traffic volume. Take 
London’s Congestion Charge, a city toll that drivers pay to 
drive their cars into London’s city center. Since traffic prob-
lems have been an issue for city decision-makers longer than 
clean air regulation compliance, more than 500 European 
cities have imposed city entry restrictions, while only 200 of 
them have explicitly established low-emission zones. Cities 
such as Dortmund are setting an example with their fleets of 
electric vehicles and the ability to charge those vehicles with 
locally produced green energy to show that technology is 
available to provide clean energy (the „Metropol-E“ project 
was recognized by the German government as a milestone 
project in the field of mobility). Since 2008, London has been 
trying to keep the heaviest air-polluting transport vehicles out 
of the city. To this end, London has established clear rules 
which define the types of vehicles that are acceptable and 
those that aren‘t. Anyone wanting to drive into the city center 
in an environmentally non-conforming vehicle may still do so. 
However, drivers will have to pay a fee (depending on the 
vehicle type) between £100 and £200 per day. Those who en-
ter illegally are penalized by having to pay five times that 
amount. In 2015, France initiated a similar approach by 
imposing special regulations for the beltway around Paris. 
Ambitious, clearly communicated and consistently enforced 
emission standards are considered success factors for 
achieving local environmental protection targets. Continuous 
video monitoring and automated license tag identification are 
already a standard nowadays (for example in Amsterdam and 
Lisbon). Against this backdrop, we can make the following 
statements about the future as we approach 2030: 

Last mile logistics companies are not only facing the chal-
lenge of establishing clean supply chains in cities and dense-
ly populated areas. They also have to consider the individual 
regulations established by each city, which means there may 
be many different restrictions in just one region. Clean air 
initiatives are therefore making it increasingly difficult from not 
only a technological standpoint, but also in terms of last mile 
planning and design.
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B4
Quiet Logistics
A survey conducted by the German Federal Environmental 
Agency revealed that in 2012 roughly 54 % of the population 
was disturbed or troubled by road traffic in their residential 
areas. The European Commission estimates that the costs 
due to traffic noise are about € 40 billion and  90 % of it is 
caused by road traffic. For the populations, this means an 
increased health risk even with low continuous noise levels 
of 40 dB [A] at night. According to the World Health Organi-
zation (WHO), Western Europe’s population is losing 61,000 
“healthy“ years of life due to cardiovascular disease caused 
by traffic noise. The EU therefore has explicitly integrated 
traffic noise into its environmental action program up to 2020 
(“Living Well, Within the Limits of our Planet“). Members 
states are obligated to develop “strategic noise maps” and 
take action to protect EU citizens particularly in densely 
populated areas and  near roads with heavy traffic volumes. 

The concept of “quiet logistics” is considered an essential 
noise reduction factor since truck engines are noisier than 
car engines because they are bigger and more powerful. The 
goal of “quiet logistics” is to considerably reduce the noise 
emissions in commercial trucks, but also in logistics equip-
ment to make deliveries in urban areas quieter and, thereby, 
healthier. This will allow logistics companies to work in more 
sensitive areas and at more sensitive times.

Deliveries made during off-peak hours or at night help re-
duce traffic volumes, thus offering numerous benefits along 
the last mile, ranging from less stop-and-go traffic, reduced 
delivery times and less time spent looking for a parking 
space. Using traffic infrastructure more efficiently will reduce 
fuel consumption significantly. In a day-night comparison 
under real conditions using conventional trucks, driving time 

was reduced by 
one third and 
fuel consump-
tion by one 
quarter on the 
35 km route 

from Tilburg to Eindhoven in the Netherlands. This demon-
strates that the need “quiet logistics” will not only create 
restrictions but also offer a wide range of benefits.

Quiet logistics concepts have been around for a long time 
and are being applied all over the world (New York, Barcelo-
na and Lyon). For example, in the Netherlands, there is a 
seal of quality (Piek certificate) for quiet logistics. Vehicles 
bearing this seal of quality may not be louder than 60 dB (A). 

Only certified vehicles are allowed to make deliveries in the 
city centers during off-peak hours and at night. German 
lawmakers believe the Piek limits too high. Guideline limits 
for immissions in urban areas are 40 or 45 dB (A). Currently, 
these values can only be achieved if electric trucks are used, 
though there are still noise issues caused by loading and 
unloading, loud door slamming, the rolling of lift trucks and 
loading ramps.

Mandatory noise action plans have been developed in 71 
metropolitan areas in Germany. They specify the necessary 
noise reduction actions based on the environmental noise 
directive of the EU. One preferred option is to create 30 km/h 
speed limit zones as well as imposing truck bans. Since 
clean air initiatives overlap with noise reduction actions, they 
have a similar impact on the last mile, which limits the op-
tions of logistics companies to the following: 

For some companies, the second bullet point means that 
currently available vehicles may be used for quiet logistics 
only to a limited degree since their noise emission levels are 
above the established noise thresholds. 
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Electric mobility is the foundation of 
night-time deliveries.

■■ Last mile logistics companies will increasingly face low-
emission zones with different local threshold values, rules, 
methods of enforcing these rules and fines.

■■ Certain vehicles (heavy-duty trucks, some mid-sized 
trucks) will not be allowed entry to cities or will have to pay 
expensive tolls to do so.

■■ Financial and non-financial incentives to make clean 
vehicles attractive will increase, including exempting 
electric vehicles from the congestion charge (London) or 
from parking fees. This is already the case in Norway. The 
city of Hamburg has had such regulations since 2015 and 
Dinslaken since 2016. Amsterdam has set up special truck 
maneuvering and unloading areas in the city. 

■■ Reduce transport distances

■■ Use quieter vehicles and transport equipment  
(for example noise-dampened lift trucks)

■■ Make last mile employees more sensitive to noise issues

GENERAL FRAMEWORK CONDITIONS
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Requirements for a Safe Supply Chain
Safety, which is generally understood as protecting people 
and things from damaging external influences, has tradition-
ally played an important role in road traffic. Within the frame-
work of this study, however, we will define safety as the 
safeguarding of the physical integrity of all people and things 
located along the last mile. This includes traffic safety issues, 
but also the question of how can goods be delivered to the 
destination without being damaged. 

Due to ambitious goals and actions, the number of road 
fatalities in the EU dropped in 2014 by 30% compared to 
1991 and the total number of accidents by 25%. This means 
that in the entire EU, roughly 26,000 people died in about 1 
million traffic accidents. In the last few years, the number of 
traffic accidents and injuries have stagnated in both Germa-
ny and Europe. Some statisticians, however, are assuming 
that this trend will change and that the number of accidents 
will rise. Demographic shifts have also been identified in the 
statistics. For example, one in six people who died in a traffic 
accident in 1991 was age 65 or older, in 2015, it was one in 
three. EU-wide, Germany ranks in the top third of countries 
with the safest traffic record, if you look at the number of 
road fatalities in relation to the total population. The most 
depressing result seen in these statistics by far is that the 
highest number of fatal traffic accidents, at 40%, occurs in 
urban areas. With this in mind, cities like Augsburg, Cologne 
or Sydney have striven to address the rapidly rising number 
of fatal accidents caused by careless mobile phone users by 
installing traffic lights at ground level. In Sydney, the number 
of such lights doubled between 2014 and 2015. 

As we look toward 2030, the number of electric vehicles on 
the road can be expected to increase substantially. Daimler is 
forecasting that electric cars sold in 2025 will have 15 – 25 % 
market share of the total number of cars sold. Based on 
comprehensive studies conducted in 2009 and 2011, the 
National Highway Traffic Safety Administration (NHTSA) 
concluded that precisely this form of modern mobility will 
double the risk of traffic accidents, particularly for pedestrians 
and bicycle riders in urban areas, because electric vehicles 
travel at lower speeds and cannot be heard compared to 
conventional vehicles. The German Federal Highway Re-
search Institute is more reserved due to the low market 
penetration of alternative drive systems, but does expect a 
continued dynamic increase, particularly with hybrid vehicles. 
In April 2014, the EU Parliament therefore passed a resolu-
tion that particularly quiet electric vehicles will be equipped 
with special acoustic signals (“artificial engine noise”) to make 
them safer.

The subject of safety is just as extensive as the number of 
factors that influence the last mile. Safety affects every as-
pect of the last mile, whether it is the qualifications of logistics 
workers, who must have official driving licenses and, in the 
future, maybe even a drone or robot license, or the infrastruc-
ture, which must permit safe transport. To increase safety 
standards, transport vehicles will soon have to meet the “safe 
by design” requirement because it can be assumed that there 
will soon be more diverse transport options (not just tradition-
al delivery vans and trucks) along the last mile that the gener-
al population is not expecting and is unaware of. Accordingly, 
when faced with spontaneously combusting batteries, for 
example, the increasing use of electric vehicles will raise 
several questions for the police and fire departments. For 
example, how can a self-driving transport vehicle on fire be 
safely stopped, how can the fire be safely extinguished and 
are flocks of delivery drones desirable? The goods to be 
transported will also have to be protected and may not be-
come a potential danger along the last mile. The increase in 
convenience and fresh produce logistics will bring more 
hazardous goods to the last mile since frozen carbon dioxide 
(dry ice) is frequently used for refrigeration. 

C
op

yr
ig

ht
: T

ho
m

as
 K

üp
pe

rs

B5 B6
Preliminary Conclusions 
The framework conditions along the last mile are becoming 
tougher for logistics companies. The shortage of skilled 
workers that is already being felt and will only increase in the 
future is already causing an increase in the cost of labor, 
which, in turn, raises the cost of delivery. If delivery compa-
nies intend to meet this challenge through innovative tech-
nologies, this may require higher driver qualifications as a 
next step, for example to operate the new digital technology 
or as a “conductor“ for a range of autonomous auxiliary 
vehicles.

The falling number of skilled workers and an aging workforce 
in this society will create problems, especially for last mile 
logistics companies because of the industry’s physically 
demanding work. Logistics jobs must be made more appeal-
ing to attract young and recruit physically healthy workers. 
These requirements will, in turn, drive qualification require-
ments and also labor costs. 

Clean air regulations are also resulting in higher costs, but, 
and even more importantly, are exerting pressure on compa-
nies to develop more efficient and cleaner delivery concepts 
in urban and metropolitan areas. This is necessary especially 
since these areas are increasingly restricting access to 
delivery vehicles or charging fees for the “license to pollute” 
or prioritizing delivery based on the vehicle’s emission levels. 
In social terms, we have to ask whether air pollution as a 
whole should be reduced or whether the problem will shift 
from densely populated areas to the outlying rural areas 
which have not been affected by it yet.

Similarly, quiet logistics is forcing last mile service providers 
to offer innovative delivery concepts, whereby deliveries to 
less densely populated areas will represent a major chal-
lenge. This is because the demand and stress levels in these 
areas are lower and the technological challenges higher than 
in densely populated areas. That is why quiet logistics will 
focus on medium-sized and big cities. The need to employ 
skilled workers outside normal business hours will create 
additional challenges due to the high labor costs in this 
industry. This, combined with demographic change, could 
require quiet logistics concepts to be developed that will 
reduce the human factor or at least make it less physically 
demanding. 

Simplistic solutions to these demographic problems could 
boomerang when it comes to guaranteeing a safe supply 
chain. If less-skilled or less-experienced workers are em-
ployed in higher numbers in response to the burden of high 
labor costs, there is a risk that safety standards will knowing-

ly or unknowingly be neglected. There is an urgent need for 
further training if the worker shortage is to be covered by 
training new workers from other industries or professions. 
The use of modern driver assistance systems (brake/evasive 
maneuvering/maneuvering assistance systems) will certainly 
provide relief by 2030. However, both existing and new 
drivers must be trained how to best use these assistance sys-
tems in the classroom and out on the road. 

The rules of the last mile will raise qualification levels and 
labor costs in particular. Since the logistics industry will 
continue to experience intense cost pressures even up to 
2030, the only way out is to improve productivity on the last 
mile.

The next chapter closely examines current trends in technol-
ogy to find out whether and under what conditions they can 
better meet customer requirements, while also keeping in 
mind the rise in planning complexity, costs and environmental 
protection requirements.

The city is the place where the analogous 
effects of digital actions occur.
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Trends in Technology 

C
TRENDS IN TECHNOLOGY

Introduction
The previous chapters described trends that are significant for last mile logistics in 
two ways. First, the end customer or the recipient of goods has an essential impact 
on the destination of that last mile transport. Secondly different trends will alter the 
framework conditions and thereby the options for shaping last mile traffic flows. Lo-
gistics companies will have to effectively meet the demands not only of the goods 
recipients but also comply with the changing requirements. Diverse trends (from the 
recipients‘ perspective and in terms of framework conditions) will place greater eco-
nomic pressure on logistics service providers. The option of these providers to pass 
this pressure on to their clients and, in turn, the goods recipients, in the form of 
higher prices or surcharges have been and still are limited. However, if consumers 
do not have a change of heart and become willing to pay more for these services in 
the next years, the last mile will face the following conflict of interests:

■■ Improved logistics performance quality, i.e. higher-quality services demanded by 
customers/recipients while taking challenging general framework conditions into 
account, which will make planning and implementing last mile transports more 
complicated. 

■■ Few options to pass on, at a 1:1 ratio, the costs incurred to produce higher-quality 
services due to higher prices. 

■■ Advancing digitalization

■■ The Internet of Things

■■ The increasing spread of 3D printing or additive manufacturing

■■ The use of drones

■■ The use of automated delivery robots

■■ Battery-powered electric delivery vehicles

■■ Self-driving or autonomous delivery vehicles 

The only option for last mile logistics to handle the foreseeable cost increases 
caused by tougher framework conditions and more demanding customer require-
ments is technical innovation. Such innovation is necessary from a technological 
perspective in order to reduce hazardous fossil fuel and noise emissions and to 
improve productivity to respond to cost increases. For this reason, this chapter will 
explore different technical advancements which will be ready to launch on the 
market in the near future and whose special relevance for the last mile is anticipat-
ed, especially with a view to 2030: 
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C1
Digitalization
Digitalization is a technological and social process that 
describes the continuously growing network that links all 
business and industries, cities, infrastructure and private 
people together. Players along the logistics chain use digitali-
zation and the links between systems, data and services to 
different degrees, but it affects them all. 

Digitalization is a prerequisite for innovative approaches and 
technologies, including Big Data, Industry 4.0 or Augmented 
Reality. The digitalization process has just begun, but by 
2030, it will be fully integrated as the Internet of Things into 
everyday life and business operations. As sharing relation-
ships intensify between growing numbers of companies and 
private people to become more complex systems, digital 
efficiency in information sharing will be a must. Currently, 20 
billion computer devices can communicate via the Internet. 
By 2030, more than 500 billion networked objects, machines 
and sensors will send and receive data in cities, factories, 
vehicles or packages. Those who can filter these volumes of 
data and benefit from it, will also benefit from digitalization. 
There is a shortage of 43,000 IT specialists in Germany who 
are needed to drive the digitalization process. This shortage 
is having a particularly severe impact on medium-sized 
logistics companies because medium-sized companies are 
the latecomers to digitalization. They often have their own 
Internet presence, but the use of big data or cloud computing 
is a low priority.

Digitalization via mobile data communication, open interfac-
es, universal process transparency, shipment tracking and 
proactive customer information is reflected in new and more 
customized services along the last mile. Additionally, more 
in-depth data collection along the last mile enables all suppli-
ers involved to make better decisions regarding existing 
processes, especially in scheduling, tours and route planning 
but also in terms of their network structures, for example, 
finding better locations for distribution centers. More finely 
resolved time and place data as well as more comprehensive 
order data volumes will enable proactive logistics and enable 
suppliers to alleviate time pressure along the last mile. Urban 
and metropolitan areas will benefit in particular. 

Amazon, for example, is already pursuing the use of what is 
called anticipatory logistics to forecast customer orders in 
densely populated areas and initiate the logistics process 
before the order is even placed. This will reduce response 
periods and also storage and transport costs. In turn, such an 

erate on implementation and agree on the information inter-
faces. Looking at the Amazon concept from an industrial point 
of view, digitalization of the last mile offers valuable insights 
into delivery reliability and efficient lead times. Even simple 
digital technology along the supply chain can considerably 
support order dispatching in both industry and retail, thus 
allowing shipments to be consolidated and warehouse inven-
tories to be reduced. Retail in urban and metropolitan areas 
will particularly benefit from reduced inventories because the 
less space needed for storage means more space for retail. 

An increase in spontaneous orders and a decrease in stor-
age area in city centers will also mean more frequent deliver-
ies with smaller vehicles from the outside urban areas.

The vision of the smart city where all information on city 
infrastructure, players and events are integrated into a digital 
map of the city will help improve last mile routing and pack-
age delivery. Sensor technology will be critical for this be-
cause sensors provide precise information on current weath-
er conditions, free parking areas, road conditions and traffic 
and, if desired, exact position information can also be trans-
mitted. One example is the planned city Songdo in South 
Korea near Seoul where a digital network of education, 
safety, transport, healthcare, parking and building automation 
has been created in cooperation with technology companies. 
The entire city was planned right from the start using smart 
design. 

Such a planned city will not be built in Germany. This country 
requires smarter design in the existing infrastructure. In a 
metropolitan area like Berlin with almost 3,400 miles of public 
roads, 2,000 traffic lights and more than 95,000 public park-
ing spaces in use, this means considerable financial costs. 
Germany‘s metropolitan areas would benefit more from 
better knowledge regarding stress on infrastructure and 
active traffic flow control since each driver must calculate 
that every trip will take about 30 % more time during peak 
hours. Many stationary sensors already exist in Germany‘s 
road network and collect important traffic data. Digitalization 
enables data to be collected more intelligently. Car-to-x 
technology, which refers to the data sharing between vehicle 
and infrastructure, is already used for recording traffic flows 
or for updating navigation data. Only a few vehicles are 
equipped with this technology and there are many restric-
tions on its lawful use. 

The use of data on the movement of vehicles and people is 
possible from a technological perspective, but very critical in 
terms of data privacy. The willingness of consumers to 
disclose personal data must go hand in hand with the use of 
new services by consumers. If the logistics service provider 
knows the recipients’ whereabouts or even the future points 
they pass on their route, delivery can be carried at the de-
sired time and at the desired location. Long delivery distanc-
es in rural areas will not be driven unless the recipient is 
actually at the delivery address. As an alternative, goods 
could be delivered to the workplace or placed in the trunk of 
a car. A 100% delivery rate can be achieved by 2030.

New transparency also holds risk for logistics companies 
because it will be easier for consumers to compare prices 
and services. Logistics companies will increasingly try to 
keep their customers by using their own logistics apps to 
display the delivery status and to allow deliveries to be 
rerouted. Digitalization will lead data-based services and 
logistics services to merge into one unit that is available to 
the end customer.

Data transparency will create new competition along the last 
mile. In Germany, there are still legal restrictions, but U.S. 
and Swiss logistics companies have developed platforms that 
have opened up goods transport by private people as a new 
business segment in the gig economy. There is a kind of mar-
ket exchange that connects those buying and those offering 
services. Private parties offering package transport services 
can advertise price discounts of 80 % compared to profes-
sional delivery providers. Due to high traffic, such private 
services could drastically reduce price and delivery times 
especially in urban areas. Private people on their daily com-
mutes will function as couriers and deliver packages on the 
same day on their direct route. 

However, digitalization has raised questions that have not yet 
been answered. Who is the owner of the data? Who is al-
lowed to use the data, and at what time and in what way may 
it be used? Who is responsible for data safety and privacy? 
Cities, especially, are experiencing a conflict of interest 
between an urgent need to improve efficiency in the traffic 
sector and the monitoring of public space. The fear of pass-
ing sensitive data to competitors often hinders cooperation 
along the last mile that would make sense from a social or 
environmental perspective. 

approach will then reduce the still high cost of same-day 
delivery, thus lessen the benefit off immediate availability of 
goods offered by brick-and-mortar retailers. The Amazon 
Treasure Truck that drives around Seattle demonstrates how 
the company is putting pressure on brick-and-mortar retailers. 
Digital communication technology (Apps on smart phones, 
vehicle dispatch) will continuously link statistical findings 
based on customer preferences as well as personal and 
geographic data. The vehicle transporting the goods for 
future orders will go to the very location where the relevant 
customer is assumed to be. And customers living within the 
truck‘s range will be selectively targeted by a smart phone 
app.

If digitalization creates data pools for logistics suppliers as 
well as dispatchers and recipients, this targeted cooperation 
may increase efficiency. When it comes to supplying com-
mercial retailers, such cooperation could help prevent ineffi-
cient jams on the loading ramps. The sensor technology 
required is not so complex but both sides would have to coop-
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The Internet of Things
Compared to the Internet for people, the Internet of Things 
connects many technical devices such as vehicles, loading 
equipment and goods to one another. The appropriate sen-
sors (RFID, QR codes) or microcomputers installed on or in 
these devices can read their status (such as filling level, 
temperature, location), transmit and analyze the status, 
which, in turn, creates benefits. One example is package 
tracking which involves recording the time that a package 
passes through each station along the delivery chain, thus 
tracking the package en route from start to recipient. 

The Internet of Things supplies a great deal of useful infor-
mation for the last mile because it connects vehicles with 
their surroundings. The more information stationary sensors 
on roads and mobile sensors in the vehicles share, the better 
the image will be of actual traffic volumes that can be creat-
ed by using appropriate analysis methods. This enables 
traffic flow to be redirected around roads experiencing heavy 
traffic volumes or road blocks which can minimize delivery 
delays. Such data from the Internet of Things help logistics 
providers to dynamically change delivery routes and inform 
the recipient of the up-to-date delivery status. Drivers who go 
to check mail or package drop boxes are informed by the 
Internet of Things if the mailbox is empty or if there are 

packages in the drop. This information is gathered by a 
sensor in the mail or drop box. If there are no letters or 
packages, the driver will not have to stop and can continue 
on to the next collection point. This example shows how 
digital technology can rethink the signal flag principle used in 
U.S. mailboxes to improve delivery efficiency. 

The German logistics provider DHL expects that 50 billion 
computer devices will be connected to the Internet by 2020. 
The Internet of Things will significantly encourage the self-
monitoring of devices and in just five years smart objects will 
play an active role in self-monitoring logistics networks. Other 
technologies such as autonomous driving and digitalization 
will benefit from the opportunities provided by the Internet of 
Things and its further expansion. 

The advancing miniaturization of computers and the further 
development of sensor technology are encouraging the use 
of the Internet of Things along the last mile. However, data 
privacy issues still have to be resolved and efforts made to 
prevent abuse.

The Internet of Things supports the general customer desire 
to receive the necessary goods any time or at least as quickly 
as possible. Sensors enable automatic refilling messages to 

be transmitted whenever the store item is about to run out. 
This means that there is always a sufficient warehouse 
supply and guarantees the same-day delivery of these items 
from warehouses near the customer.

Temperature-measuring sensors installed on the goods to be 
delivered will enable the end customer to monitor whether 
the required minimum or maximum temperature limits have 
been permanently adhered to en route to the customer. This 
application of the Internet of Things is useful for both fresh 
produce and pharmaceutical products. With the right pack-
age sensors, the contents can be classified, for example if 
the package contains fragile goods or not. The delivery driver 
will then know that this package must be handled with care 
without explicitly knowing its contents. This will improve the 
quality of both the delivery and collection service along the 
last mile. 

feels particularly responsible for protecting these devices or 
no one is able to protect the device because there is no user 
interface. The older the devices are, the greater the risk is 
that their obsolete firmware will enable unwanted access and 
become a security hazard, for example as part of a botnet 
that is misused for denial-of -service attacks. 

Since the Internet of Things is a technological innovation with 
many possible applications that support the use of other 
technologies such as autonomous driving functions, it is 
having an intense impact, in its own right, on both urban and 
rural areas. The indirect effects have been described along 
with those technologies that benefit from it and will not be 
repeated here. 

C2

Using the Internet of Things for autonomous driving indirectly 
solves the problem of a driver shortage. The better the 
self-monitoring of goods and vehicles can be technologically 
planned and implemented, the less the need for qualified 
drivers to transport goods.

When it comes to security issues, data privacy is important 
for the Internet of Things and must be guaranteed – and not 
only along the last mile. When people use the Internet in the 
conventional sense, i.e. through a computer, they are respon-
sible for updating their data privacy and data protection 
software. Users also update security software themselves 
from time to time to protect their computer against malware 
and misuse from the Internet. In the Internet of Things, so 
many computer devices are involved that most times no one 
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3D Printing
3D printing involves the use of a special printer that produces 
three-dimensional parts made primarily of plastic materials, 
ceramics or metal and is based on designs generated by 
computer-aided design software. Since it is a step-by-step 
production process that adds layer upon layer, it is often 
referred to as additive manufacturing. 3D printing is a rela-
tively young technology that has greatly advanced in the last 
few years, particularly regarding the materials to be pro-
cessed, different materials used to manufacture one product 
and the complexity of the parts to be manufactured. The 
advantage over conventional manufacturing is that almost the 
only material for the part being manufactured is needed, 
which reduces waste considerably. 3D printing is not only 
ideal for manufacturing individual parts such as prototypes 
and spare parts, but is also being increasingly used in vol-
ume-production. While this technology was initially used only 
in industry and research, the first 3D printers for private use 
have been introduced, though their performance capacity is 
still quite low. 

printing on logistics could be compared to how e-mail affected 
postal mail, which plummeted once e-mail became more 
widespread. 

There are several forms of production shifts that will be 
relevant for the last mile. The manufacturer will no longer 
concentrate production at one or a few locations, but at many 
subsidiaries that will no longer require expensive production 
facilities, rather just powerful 3D printers. This, in turn, will 
considerably reduce transport distances between the produc-
tion site and the end customer. Also, major sections of the 
main production line will not be required or the main line will 
be done away with completely. Another potential scenario 
with a similar impact is that the logistics service provider 
could take over the production process from the actual manu-
facturer. 3D printing contracts would be concluded at the 
logistics provider’s subsidiaries nearest the customer. This 
would shorten delivery times considerably because the 
distance from the production site to the end customer will 
also be reduced and, strictly speaking, consists only of the 
last mile. This service already exists for document mailing.

There are two other potential ways to shift production where 
3D printing would have a huge impact on the finished prod-
uct. If businesses were able to produce end products them-
selves by concluding contracts with goods manufacturers that 
legally allow their products to be 3D printed, the customer 
could manufacture the product “on demand” at the logistics 
provider’s subsidiary and take it with him. The last mile, 
previously organized by a service provider, would no longer 
be necessary in this scenario since the customer manufac-
tures the object himself. The fourth and most extreme form of 
shifting production is to do away with the last mile completely. 
The customer will simply be able to print the desired product 
at home on his own 3D printer after buying the print files he 
needs from the manufacturer. 

This last or fourth form of shifting production represents a 
distant future, but considering how quickly 3D technology is 
advancing, a high number of consumer goods will probably 
be manufactured using this technology in the 2020s. By then 
3D printers may be affordable for private households. Two-di-
mensional paper printers went through a similar evolution. 
Technological progress made them smaller and more effi-
cient. When initially launched, there were only black-and-
white printers for commercial use; now color printers in 
people’s homes are nothing new.

However, the last mile will not completely disappear due to 
products being manufactured by means of commercial or 

private 3D printing capacities. While it may no longer be 
necessary for the final end product, the last mile will still be 
needed for the raw materials required for 3D printing. In the 
past, when a customer ordered a household appliance, for 
example, he received only one shipment. In the future, 3D 
printing could require several shipments since several raw 
materials will be needed which may have to be ordered from 
different manufacturers. We cannot currently predict whether 
3D printing will be done extensively by the end customer. A 
conventional printer needs paper and a color print cartridge to 
print documents, drawings and photos. 3D printing will re-
quire many different raw materials, many of which may not be 
able to be stored in homes, so the jury is still out on whether 
this new technology will be appropriate for private use.

It will not be possible to transfer production to logistics com-
panies, retailers or the end customer if they do not have the 
raw materials required or if they cannot access the print file. 
To make this happen, agreements must be concluded be-
tween the manufacturer and the owner of the 3D printer. 
Such agreements will require prior price negotiations and 

must also address copyright and intellectual property owner-
ship issues.

Same-day delivery by means of 3D printing may meet the 
end customer’s goal of obtaining the desired product as 
quickly as possible if said end customer owns a 3D printer, if 
the product is appropriate for 3D printing and the end custom-
er actually has the required raw materials. In this case, the 
finished product would not have to be delivered by road. This 
would benefit the environment, reduce traffic noise and also 
get around the problem of the shortage in skilled workers. Yet 
raw materials must somehow be delivered to the end custom-
er, otherwise he or she will not be able to use the 3D printer. 
Local transport and delivery needs will only be reduced if 
such materials are seldom ordered and when ordered, then in 
higher quantities. One area where this approach could be 
successfully implemented is prosthetics. Dentists and ortho-
pedists are already using 3D printing and it is having a mas-
sive impact on the last mile because the demand for express 
package delivery to transport dentures is falling and soon 
they won’t be needed at all. The only items that will have to 

The market research company IDC estimates that between 
2016 and 2020 global expenses for 3D printing will double 
from US$ 17.7 to US$ 35.4 billion. Germany is the world’s 
leader in the use of 3D printing. The automotive industry is 
using it increasingly for rapid prototyping in development and 
for producing spare parts. 

3D printing will not only impact logistics as a whole but also 
along the last mile because it means that the process of 
producing goods is no longer tied to brick-and-mortar facto-
ries. Now, parts can be manufactured almost anywhere and 
in close proximity to the end customer. The impact of 3D 
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Transport Drones
A transport drone is defined as an unmanned aerial vehicle or 
aircraft system used for delivery purposes. Rooted in the 
word “helicopter”, the term “copter” is another common name 
for it. A numeric prefix is sometimes added to indicate its 
number of rotors, e.g. quadcopter for a drone with four rotors. 
DHL selected a German portmanteau term that is translated 
as “parcelcopter” in English. This word was created to show 
that the group’s drones have been developed to transport 
parcels and packages. Drones are either controlled manually 
by an operator on the ground or partially or fully autonomous-
ly by a computer system.

The idea of using unmanned aerial vehicles for transport in 
logistics dates back to the early 20th century when there was 
much excitement, particularly in mountainous regions, about 
the idea of “mail rockets.” These experiments ended in the 
1970s after several accidents during public demonstrations 

and increasing 
safety con-
cerns. Two 
decades later, 
biologists were 
the first to 
develop un-
manned aerial 
vehicles to 

observe wild animals. Around 2000, government security 
agencies further improved the design. When NASA engineers 
successfully tested the drone as a transport vehicle in 2010, 
logistics companies became interested.

Today’s transport drones use an electric drive system, i.e. 
they are equipped with a rechargeable battery pack for power 
supply and electric motors for the rotors. Drones used for 
commercial purposes typically have eight rotors. This redun-
dant design prevents failure. The maximum distance between 
the pilot and drones is not much more than 100 meters and 
not greater than 1 - 2 kilometers for manually controlled 
models. However, autonomous drones such as the DHL 
“parcelcopter” have shown in initial tests that they can fly 
distances of several kilometers away from their base station. 
Speeds ranging from 30 to 50 km/h are considered standard. 
Special racing models reach speeds of 100 km/h or more. 
Current standard flight times are about half an hour carrying 
payloads weighing between 0.5 and 2.5 kg. One particular 
disadvantage is that they consume a lot of power during flight 
compared to overland transport. Even if battery power is able 
to double by 2020, it still means that the drone’s flying range 
will be quite limited and that a base station must be nearby 

for recharging.

So far, there has been no distinct field of application for 
transport drones along the last mile. While Amazon experi-
ments with the express delivery of packages weighing rough-
ly 2.5 kg to destinations near its logistics centers, DHL is 
showing that express goods such as medications can be 
transported to difficult-to-access areas such as the North Sea 
islands or mountain pastures. It is therefore not surprising 
that the Amazon drones (Amazon Prime Air) and DHL drones 
(parcelcopter) have different designs and features.

The Amazon drone has a maximum range of 15 kilometers 
and reaches an average speed of 30 km/h in the estimated 
flight time. The DHL parcelcopter has covered similar ranges 
in test flights but reaches speeds of 70 km/h, which is more 
than twice the speed of the Amazon drone. This maximum 
speed is just slightly lower than racing drone speed. Both 
types are designed for a payload of about 2 kg. 

By 2030, drones will generally be able to deliver goods over 
short distances cost-efficiently and with zero local emission 
and, for technological reasons, focus on extremely urgent 
express deliveries for packages weighing 2 - 5 kg. Drones 
are yet another way for logistics companies to bypass busy 
roads and traffic in metropolitan areas. If there is no infra-
structure at all, for example, in the mountains, on islands, 
outdoor locations like construction sites, or even large sport-
ing or cultural event venues (Olympic Games, church, etc.), 
the use of drones will create a new last mile for which no 
transport vehicle has ever existed in the past. Drones are the 
ideal solution for such exceptional situations. Experts and 
decision-makers from major logistics companies, however, 
doubt that mail and mass goods will be able to be delivered 
to urban areas solely by drones in the near future. 

be delivered are the raw materials for 3D printing, and, for 
dentistry and prosthetics, these can be purchased in bulk. 

City businesses would reap the rewards if local companies 
offered 3D printing services. It would be an incentive for end 
customers without 3D printers to go to the city. By purposeful-
ly integrating the customer into product design and making 3D 
printing more visible, shopping can be transformed into an 
educational experience. The 3D printers required for this will 
not be sufficiently available for private use nor will they be 
affordable for consumers to buy themselves. Brick-and-mortar 
retailers will therefore still be able to draw in customers. 

If 3D printing evolves the way paper printers did in their time 
and if many consumers own 3D printers by 2030, there will be 
no considerable distinction between urban and rural regions 

On the other hand, if 3D printing does not become available 
to consumers nationwide in a few decades and production is 
transferred only to the service providers or retailers, it will 
mainly impact medium-sized and bigger cities. Larger 
retailers would then be the ones to make this technology 
available to the consumer and there are not many large 
retailers located in rural areas. 

C4

in this scenario. Ultimately, paper printers and e-mail used in 
private homes became ubiquitous not only in urban but also 
rural areas. Currently, there is no reason why this might be 
different with 3D printing. Similarly, spare parts delivery would 
still be needed everywhere. The broad spread of 3D printing 
would mean a dramatic reduction, or at least consolidation, of 
last mile transport volumes particularly in rural areas. On-de-
mand, on-site production would not depend on the timely 
availability of raw materials, so that in terms of transport, 
orders could be pooled to increase efficiency and reduce 
transport costs. In an extreme scenario, the supply of con-
sumer goods would then depend only on the availability of 3D 
printing services, and even in rural regions, the quality of 
supply services would be almost as high as in metropolitan 
areas. 

Transport drones have the potential to be 
a last mile transport tool for regions with 
low population density in the future. This 
will require, however, that legal and safety 
aspects are taken into consideration.
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From a technological perspective, it is realistic to imagine that 
by 2030 areas with increasing urbanization will see drones 
flying express goods to the recipient either directly from a 
distribution center in the city or from a mobile delivery vehi-
cle. We have no experience to draw on as to how govern-
mental authorities and the public will react if a logistics com-
pany were to place several hundred drones in densely 
populated areas. It can be assumed that illegal activities 
regarding aerospace and personal safety will not be tolerat-
ed. UPS therefore expects that drones in metropolitan areas 
will, instead, cover the mile before the last mile and establish 
fixed routes between sorting facilities and post and package 
stores. Special point-to-point connections to commercial 
recipients with a strong interest in express document delivery 
is also an option. Such recipients might include financial 
service providers, some of whom have their own helicopter 
landing pads installed on the roofs of high-rises. In medium-
sized and big cities with sufficient demand for express deliv-
ery of premium convenience goods, drones could transport 
small purchases in boxes with passive cooling directly to the 
place of use. The dense network of supermarkets and con-
venience markets would then have a unique selling point 
compared to online retailers (“have an Angus steak delivered 

directly to the barbecue in your yard in only 20 minutes”). 
Strong city-wide demand would raise questions on how to 
secure the transport chain. If such “high value transports” 
regularly occur in certain areas, selective attacks on such 
transports are to be expected. Such business models would 
therefore have to offer special security protections. 

Metropolitan and urban areas have been identified as ideal 
environments for industrialized same-day delivery. This might 
be sufficient reason to assume that drones would be the 
perfect support for same-day delivery. In fact, current plans 
for a streamlined same-day delivery instead aim to use 
traditional package transport vehicles for volume delivery 
during late afternoons or in the evening. Such a system 
would leverage economies of scale and economies of scope 
for cost-efficient express deliveries of large volumes of pack-
ages over large areas. A drone system would have to act as a 
shuttle service, collecting each individual package from the 
depot and delivering it, flying back to the depot and repeating 
the process. Various experts are therefore critical of the 
potential cost savings of drone transport because they do not 
fly along routes with several delivery stops. That’s why we 
can safely say that by 2030 the last mile in metropolitan 
areas will be a good potential candidate for the use of drones. 
The above-mentioned special transports are certainly exclu-
sive to the drone, but do not represent the majority. 

Regardless of the level of urbanization, drone deployment 
generally raises the question of how much recipients are 
willing to play an active role in the delivery process (dispatch 
notification, authentication, safe delivery of goods, to name a 
few examples) and learn to use the required software and 
hardware. Young urban millennials who have grown up with 
the Internet and new technologies may be more willing to do 

so than baby 
boomers in 
rural areas who 
probably have 
enough tech 
savvy to do so, 
but just want 
the personal 
delivery experi-
ence. Replac-
ing human 

delivery drivers with drones, which they may never see since 
the drones will just leave the shipment and then return, raises 
two other questions. First, the elimination of the human 
component could create the impression of a loss in service 
quality, which could mean consequences for the logistics 
company. Secondly, goods must be sufficiently secured 

The “Mercedes Vision Van” was unveiled in 2016. It is a 
delivery vehicle with a drone platform on its roof and was 
designed to enhance and not replace current transport vehi-
cles. It would enable a traditional freight forwarder to replace 
the need for the driver to climb stairs or expend physical 
effort with drone delivery (of a meal, a document or a classic 
package) to the recipient’s balcony in urban areas. UPS, for 
example, considers the use of drones as part of their delivery 
service in rural areas as an added value. Drone operators 
can launch drones carrying a few small goods directly from a 
vehicle and do not have to leave the main street. This would 
mean a considerable increase in the efficiency of small 
package delivery in rural areas. According to Amazon, 90 % 
of shipments would be drone compatible in weight. It remains 
to be seen whether this will also apply to overland transport 
of goods by 2030. There are currently very few solid market 
potential estimates regarding drone use. One well-known 
estimate from the consulting firm Ark-Invest regarding Ama-
zon drones, for example, estimates delivery costs of less 
than one Euro per package as well as a drone transport 
volume of 400 million packages annually, which would equal 
approx. 25 % of all packages shipped to private recipients in 
Germany in 2016. 

The advantage of the drone lies in that they require no infra-
structure and can bypass all obstacles. Drone delivery may 
make sense in surroundings with little or no infrastructure, if a 
certain range is not exceeded and if the low-weight payload 
is taken into consideration. Extremely urgent orders and 
infrastructures that are chronically bottlenecked or only allow 
limited use will encourage the deployment of drones. Howev-
er, there are numerous reasons why drones are not in use 
currently and will remain so until 2030. These include:

■■ Since they are aerial vehicles, drones must comply with 
aviation laws. Commercial drone users, in last mile logis-
tics, for example, will have to launch permits. Additionally, 
drones may not leave the operator’s range of vision. Fur-
thermore, their range is much more restricted than gener-
ally expected. Besides obvious examples like the Govern-
ment district in Berlin or airports, there are various sensitive 
areas that drones may not pass over. 

■■ Drones are a potential hazard to humans and animals 
since they might not only use payloads but may also crash 
due to unpredictable events (e.g. bird collision). Frederick 
W. Smith, CEO of FedEx and a highly experienced helicop-
ter pilot personally, categorically rejects the deployment of 
drones along the last mile. There is quite a high risk due to 

the fact that drones use GPS signals for navigation. As 
early as 2012, scientists from the University of Texas 
succeeded in intentionally creating an interfering signal 
and proved that they could have either stolen the payload, 
destroyed the drone without any effort or used it as a 
weapon.

The shared vision of UPS and Mercedes for a package 
transport vehicle that carries drones piggyback for more 
efficient delivery seems to be a potential response to the 
specific cost pressure along the last mile in rural areas. But 
the real question is why a drone with limited payload and 
range should be critical for transport in rural areas. Expecta-
tions that demographic factors in rural areas will shift e-com-
merce more in the direction of premium convenience goods 
seem to contradict the wisdom of drone deployment in these 
areas. If drones were deployed despite the above-mentioned 
factors (e.g. in mail delivery), compliance with safety regula-
tions would be easier in rural areas because of lower popula-
tion densities. 

There will be a revolution in parcel 
delivery in cities. Autonomous delivery 
robots will pay a decisive part. I pre-
sume that air drones will be deployed 
rather in logistics centers than in public 
areas.
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After the 2002 market launch of the “Roomba” robot, a self-
operating vacuum cleaner that vacuums the home indepen-
dently, more than a decade passed before robots evolved 
sufficiently enough to reach the last mile. In 2014, Janus Friis 
and Ahti Heinla, two members of the Skype development 
team, introduced a package delivery robot under the brand 
name “Starship Technologies” in the Estonian city of Tallinn. 
Following that, in spring 2016, additional delivery robots were 
developed out of the public spotlight, including a robot intro-
duced by the U.S. fast food chain “Domino’s” in cooperation 
with the company “Marathon Targets.” This robot is especially 
designed to deliver hot and cold food. Another example is 
“Relay,” a robot developed for delivery in hotels or high-rise 
buildings. 

Despite their different application areas, delivery robots have 
several features in common. They are quite small compared 
to light trucks and are designed for low-volume shipments, in 
extreme cases, maybe only one, and they are battery-driven. 
They have been tested to see whether the shipments can be 
successfully delivered within 20 to 30 minutes of the recipient 
ordering them online. These vehicles independently find their 
way to the recipient’s location and operate best on sidewalks 
to avoid obstacles. In situations where the vehicle’s autono-
mous control cannot find a way out, an operator takes control 
and gives commands from a remote control device. Starship 
Technologies is striving to reduce driving time that requires 
human interference to 1 %, it is currently 50 %. When the 
destination has been reached, the recipient has to enter a 
code that he or she alone knows to make the robot release 
the goods that have so far been secured against unauthor-
ized access. There are significant differences between the 
Starship Technologies and Domino’s/Marathon concepts. 
Weighing roughly 20 kg with a maximum range of 5 km, the 
Starship robot is much lighter than the Domino’s model at 
150 kg and a range of 20 kilometers. Also, the package robot 
travels at a maximum speed of 6 km/h while the pizza service 
robot moves much faster at 20 km/h.

Although there is a clear difference in the areas of operation 
between the Domino’s vehicle and the Starship robot, their 
impact along the last mile is similar. Both make deliveries 
based on request calls from a customer. This is a standard 
for pizza delivery (Domino’s core market), but new for pack-
age delivery services (Starship’s planned area of operation). 
For this reason and based on the ability to keep the pizza hot 
and the drinks cold, the Domino’s robot will easily integrate 
into existing fast food delivery service concepts. Since the 
demand for freshness requires fast successful delivery in this 
area, the robot’s inability to handle delivery runs with numer-
ous stops is not considered a disadvantage. 

The Starship robot uses the on-demand principle to transport 
packages, deliver purchases or medications and was devel-
oped for short-distance delivery to the end customer. When 
used to carry shopping bags, the robot’s limited transport 
capacity can be a negative since it will have trouble with 
stairs. It can only transport goods to the front door. It is 
occasionally discussed as an assistant to people with limited 
mobility, but will fail whenever it has to deal with stairs along 
the last mile. Use as an autonomous shopping cart in shop-
ping centers or for package delivery seems to be more 
realistic.

Using the Starship concept for package delivery will upend 
existing delivery logistics along the last mile. While a delivery 
driver currently delivers goods to the recipient based on the 

service provid-
er’s schedule 
and hopes that 
delivery will be 
successful, 
robot delivery 
occurs in two 
steps. In the 
first step, the 
package deliv-
erer drops off 
the package at 

a location where delivery robots are available and which is 
close enough to the actual destination. The recipient is 
informed that his package is ready for delivery. As soon as 
the recipient issues the delivery order, the robot sets off, 
announces its arrival by sending a text to the recipient and 
waits until the recipient opens the door. Since summer 2016, 
Hermes Logistics has been testing this very process in 
cooperation with Starship Technologies using three vehicles 
in the Hamburg districts of Ottensen, Volksdorf and 
Rotherbaum (Grindel quarter). Transferring delivery services 
from the actual recipient to a robot depot (a package ship-
ping store is used by Hermes in Hamburg) will shorten the 
original last mile. The goods have to be transported to the 
robot depot, or post and package store, anyway, but now it 
will receive more packages. This will make last mile transport 
more efficient and also lower costs. This approach will create 
a new but shorter last mile between the local depot and end 
recipient, all without almost any human intervention. 

The Starship robot design and field tests carried out by 
Hermes in Hamburg, by Metro in Duesseldorf and in different 
Swiss cities by the Swiss mail leave almost no doubt that this 

between drone delivery and collection by the customer. 
Unlike the first question, there are at least feasible technical 
solutions for the second question. From the service provider’s 
point of view, having menial tasks such as age verification 
performed by a delivery driver or cash-on-delivery payments 
carried out by a drone will create additional challenges for the 
service provider. It will also additionally restrict the range of 
application for this transport solution. 

If drone deployment becomes more popular, there will be yet 
another issue that is still unknown in rural areas. Added to the 
familiar noise of delivery vehicles will be the noise of drones. 
The convenience of high-speed delivery will become a boo-
merang in urban and metropolitan areas. There is a conflict 
between quiet logistics and the whirring of many hundreds of 
rotors.

C5

Delivery Robots
This study defines a delivery robot as a driverless transport 
vehicle not intended for use on roads with the purpose of 
transporting individual shipments to a private end customer 
across short distances. Since this vehicle is designed with 
minimal transport space, no driver compartment and primar-
ily runs on sidewalks, these vehicles will be much smaller 
than traditional trucks.

We, Starship Technologies, see us as 
a new last mile delivery service, not 
just a robot vendor, and we will oper-
ate our own service as well as ser-
vices together with licence partners 
owning and hosting our robots.
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post and package stores, are available in rural areas, the 
only issue is whether robots have sufficient range. The 
deployment of delivery robots in rural areas may be of inter-
est to local retailers (provided that there is a sufficient infra-
structure) who can establish their own delivery capacities at a 
low cost and use robot delivery to improve customer loyalty. 
Local grocery deliveries would be easy to implement in rural 
areas using this approach. 

By 2030, small and medium-sized cities will be placing par-
ticularly high demands on the last mile. The demand from 
former big-city residents for quiet and clean deliveries will run 
up against less favorable delivery conditions (lower stop 
densities, fewer delivery alternatives). Robots, with their quiet 
electric drives, can handle both of these expectations from 
private recipients. Starship advertises its delivery solution 
explicitly using the phrase “zero environmental impact.” 
Compared to rural areas, smaller and mid-sized cities have a 
certain supply of potential robot bases in the form of post and 
package stores that can serve as a starting point for a new 
short “last mile on demand.” For retailers expanding into the 
convenience sector, delivery robots could help narrow the 
gap between the requirements for successful express food 
delivery and industrialized same-day delivery focused on 
evening delivery. If you combine the fast lifestyle of residents 
in suburban areas, on the one hand, and local retail business 
seeking new options, on the other, together with the option of 
a quiet and environmentally- friendly delivery service, a 
favorable scenario emerges for delivery robots as we ap-
proach 2030. Moreover, robots represent a cost-efficient 
delivery option for brick-and-mortar retailers if on-demand 
delivery combined with on-time services is to successfully 
compete with the online order business. In one far-reaching 
vision beyond 2030, delivery robots could interact with a 
package unloading point integrated in the home to automate 
regular last mile delivery and on-demand delivery. 

A package delivery network or a same-day system that is 
working at full capacity can use delivery robots as a stop-gap 
measure in small and medium-sized or selected cities during 
times of delivery overload. Moreover, new services that will 
use automated delivery as a standard delivery method will be 
available by 2030. Individual recipients might feel that robot 
delivery is impersonal or they may not have the technical 
skills and/or may not be willing to take the required steps for 
delivery. Integrating robots into the delivery process will 
enable post and package services to focus their employees 
on particularly productive processes and to provide them with 
a transport tool for reducing high, stressful workloads, thus 
compensating somewhat for demographic changes. It has 

been roughly estimated that the total potential resulting from 
standard packages weighing less than 10 kg to be delivered 
in regions with high population densities and from shipments 
of new same-day services in Germany may amount to 400 
million deliveries annually. 

In conclusion, regardless of how delivery robots will be 
deployed by 2030, this technology requires storage or trans-
fer locations close to the customer. Also, society must accept 
non-personal delivery and remove both physical obstacles as 
well as legal ones. There is also an inherent risk of robot 
theft, as with drones, even though the Starship robot itself 
weighs as much as 20 kg. Robot manufacturers have already 
recognized that not only the goods, but also people along the 
last mile must be protected. For this reason, they are trying to 
consciously set their systems apart from the drone concepts.

 

transport vehicle focuses on serving end customers, in other 
words, mainly B2C shipments. While commercial recipients 
function as both recipients and dispatchers, robots are de-
signed to deliver one medium-sized package or a few small 
ones at the most. From a technological perspective, it would 
also be feasible for them to pick up packages for shipping, 
but this is not being discussed at present. The emphasis of 
delivery on the desired date within 30 minutes of the call 
being placed addresses problems experienced by the end 
customer who, in contrast to commercial recipients, does not 
run a personal goods receiving office and is frustrated by 
failed delivery attempts. Since deliveries to private house-
holds is unappealing to logistics companies because of lack 
of accessibility and the number of delivered packages, a 
delivery robot is an interesting option for service providers to 
improve last mile efficiency. Thanks to the boom in e-com-
merce, the B2C package volume is on the rise, which makes 
the use of robot delivery vehicles more attractive. One essen-
tial argument in its favor is that robot delivery will considera-
bly reduce labor costs compared to those for conventional 
delivery. It is assumed that only the Starship robot is capable 
of transporting 95 % of all package types currently shipped. 
However, the fact that Domino’s basic robot model is consid-
erably heavier and offers a broader distance range shows 
that the delivery of heavier or bulkier packages by delivery 
robots is also available as an option. Logistic companies 
must set up the infrastructure required to successfully deploy 
robots. Each vehicle needs not only a base station for loading 
or unloading packages, but also for charging or replacing 
batteries. Since supplying a small robot fleet and storing the 
packages to be delivered will require more space than cur-
rent post and package stores offer, reducing the last mile will 
not be feasible unless storage space located near the recipi-
ent is available. 

Another necessary requirement is sufficient sidewalks. Rural 
areas are more of an obstacle because of the lack of side-
walks. Robot deployment in metropolitan areas, however, is 
just as critical. Both the Starship and Domino’s robots can 
independently identify obstacles and will stop if in doubt to 
avoid collisions or tripping hazards. Crowded sidewalks 
therefore will permanently hinder the robot’s movement. Both 
concepts are explicitly designed for cities with population 
densities of roughly 1,000 inhabitants/km² and not for metro-
politan areas or city centers. This means that cities like 
Berlin, Munich or Cologne will not be suitable deployment 
locations, but Erfurt, Hamm, Jena or Salzgitter might work. 
The reason why Hermes carried out the field test in Hamburg 
is that the company is headquartered there. Acceptance by 
consumers is the main factor in determining whether robot 

delivery is successful or not. That’s why Starship emphasizes 
the “cute” appearance of its robot while Domino’s expresses 
it more directly: “A friendly character […] to encourage cus-
tomers to identify and interact with it.” The fact that a Hitchbot 
robot was vandalized in a field test does cast doubt on 
whether “cuteness” will contribute to the acceptance of this 
technology by consumers. Bear in mind that placing delivery 
robots at the side of a human deliverer or nearby is a realistic 
option, but mainly outside metropolitan areas and not too far 
out in the countryside. This will require that consumers 
accept robots but also the clear legal framework conditions 
that accompany their use. The fact that cities and towns 
independently decide on the rules and regulations regarding 
robot deployment is a point of contention because it means 
that interested service providers must negotiate separately 
with each town or city where it wants to set up operations. 

The above-mentioned Mercedes Vision Van is designed not 
only as a base station for drones but also for delivery robots. 
This concept appears quite feasible when it comes to battling 
the increasing costs of the last mile in selected rural areas 
with sufficient sidewalks - also taking into account the fact 
that drones have a limited payload capacity compared to a 
robot. This approach, however, reduces the original concept 
of “on call” delivery and borders on the absurd since the robot 
acts as the deliverer’s extended arm. Deployment as an 
“escort vehicle” to make deliveries to residential areas easier 
would be an option since it would reduce the number of times 
the robot has to return to the base vehicle. The robot would 
then function along the last miles as the feeder for the actual 
delivery process. This means that the base vehicle will have 
to be able to load all packages onto the feeder and sort out 
undelivered packages. Looking ahead to 2030, broader use 
of this option seems unrealistic. If robot base stations, like 
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C6
Electromobility
For the purposes of this study, we define the term electromobility 
as the increasing availability on the market of electric commer-
cial vehicles or trucks suitable for use along the last mile. The 
only thing that sets electric trucks apart from trucks powered by 
an internal combustion engine is driveline technology. Chassis, 
assemblies and vehicle interior may be identical. Electric trucks 
use a rechargeable battery pack (“traction battery”) to power one 
or several electric motors. The traction battery provides electric-
ity to all other vehicle functions, such as light bulbs, power 
steering and air-conditioning.

Historically, electric drive systems and electric trucks are nothing 
new. In fact, they dominated road transport until the onset of 
World War I. In niche areas, such as the distribution of basic 
foodstuffs in Great Britain, electric trucks were a common sight 
up to the end of World War II. After the oil crisis in the 1970s and 
a short time after the turn of the millennium and motivated by 
health, environmental and climate issues, electromobility has 

been a top 
priority for 
policymakers 
and the busi-
ness world. Its 
focus rests 
essentially on 
the fact that 
electric trucks 
can be operated 
with zero local 
emissions and 
are relatively 
quiet. Drivers of 

electric trucks benefit from the high efficiency of the electric 
driveline and the “recuperation” function which recovers some of 
the power consumed when driving by feeding the braking 
energy to the traction battery. This can result in fuel savings of 
about 50 - 65 % along routes with frequent stop-and-go com-
pared to the combustion engine. The biggest disadvantage of 
electromobility is its dependence on the traction battery. The 
distance that an electric truck can drive ranges from 80 to 120 
kilometers with lightweight trucks and 200 to 250 kilometers with 
medium-weight long-haul trucks. By 2030, this range will in-
crease due to advances in production as well as power density 
increases in the traction batteries that are optimistically forecast 
to go as high as 50 % also by 2030.

Plans from automakers Daimler and VW indicate that electromo-
bility will be a drive system to be taken seriously in the near 
future. Both companies intend to generate about 15 - 25 % of 
their sales from electric drive systems by 2025. We can there-

fore predict that by 2030, the use of electric trucks and vans 
along the last mile will not be a unique, rather a real option. Pilot 
tests carried out by the package transport companies DHL and 
UPS or by companies REWE and TEDi as well as research 
projects like the “Electromobility and Urban Commercial Trans-
port ” from the Fraunhofer IML show what is feasible today. 
There are various kinds of electric drives, including electrically-
assisted cargo bicycles and traditional trucks with electric drive 
systems are available and there are hints that entirely new 
vehicle concepts are in the works. In 2012, Austrian engineers 
presented a vehicle with a single wheel drive and steering 
system that can turn on the spot just like a shopping cart. In the 
future, this technology will enable electric trucks to replace 
trucks with combustion engines along many last mile transport 
routes. New kinds of vehicles that could not be imagined without 
an electric drive system will create completely new options for 
the last mile, as shown in many of the previously described tests 
with delivery robots, which also rely on the electric drive.

Currently, there are very few electric trucks on European roads. 
Single isolated exceptions are densely populated areas like 
London where a few hundred electric trucks have been de-

ployed to avoid paying the congestion charge that has to be paid 
by drivers of gasoline-engine cars and trucks. The combined 
environmental and financial incentives show that the demand for 
zero local emissions and quiet logistics will have significant 
impact on the use of electromobility. Fraunhofer IML studies 
show that the use of electromobility in transport can bring down 
CO2 emission amounts by 30 and 40 kg in light trucks and 120 
- 150 kg in medium-weight trucks along with a drop of 1-4 kg in 
NOx emissions. Due to truck size and more intense use, these 
values are several times higher than those recorded for electric 
cars. That is why we can expect that certain regions will identify 
last mile road traffic to be an essential factor in achieving local 
clean air targets and will force electrification well before 2030. 
Establishing emissions limits and, even more importantly, con-
sistently enforcing them is a big opportunity for electromobility. 
Neither the goal of zero local emission deliveries to metropolitan 
city centers by 2030, as set forth in the EU white paper on Traffic 
2050, or the creation of low-emission zones alone will help 
electromobility advance along the last mile. Comprehensive 
market availability of electric trucks at competitive prices is 
another critical factor from a logistics perspective. If you look at 
street scooters against this whole backdrop, then you will under-

stand why DHL acquired the start-up company that makes them. 
DHL plans to have the street scooter modified to meet its needs 
in order to bypass existing market gaps and the high prices for 
single-item manufacturing. Currently, no electric trucks have 
been mass-produced specifically for the last mile which makes 
acquiring one a very expensive proposition. Electric trucks often 
cost twice or three times the price of a truck with a diesel engine 
and their purchase price must be justified by low operating or 

power costs. 
However, truck 
manufacturers 
are planning to 
introduce 
electric trucks 
into volume 
production in 
Germany by 
2020 to replace 

the currently prevailing single-item and small series manufactur-
ing. Economies of scale will help reduce the cost price of these 
vehicles and also improve quality, variety and availability. Never-
theless, as we approach 2030, the traction battery will continue 
to be a determining factor regarding their intended purpose and 
deployment along the last mile. This is because the battery will 

considerably impact the price and the truck’s range, and, in turn, 
its intended purpose. Deployment ranges are limited to city 
centers and metropolitan areas and often conflict issues such as 
multi-purpose uses and time flexibility. 

Since the vehicle range will still be a limiting factor by 2030, 
there is little reason to assume that electric trucks will dominate 
the last mile in rural areas. Efficient combustion engines and 
long distances with low stop frequency are an economic obsta-
cle to electromobility. Problems with traffic noise and emissions, 
though not frequent in rural areas, are additional hindrances. 
However, this applies only if you replace combustion-engine 
trucks on a 1:1 basis with electric trucks. In many cases, small 

Advantages and Disadvantages of Electromobility

–

–

–+

+

+ Zero local  
emission

Limited range

Low noise and 
vibrations

Limited number of 
vehicle models

Energy-efficient 
drive system

Higher vehicle 
prices

The future lies in zero emissions, zero 
noise deliveries to city centers. The 
most important German truck manu-
facturers have failed to take advantage 
of pure electromobility and have left  
it up to medium-sized companies. 
Instead, they have focused on hybrid 
drive systems which will not lead to 
zero local emissions goods transport.

The focus on and the proximity to the 
customers is essential for alternative 
drive systems because of their low 
drive range.
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to the public that local businesses and local governmental 
authorities take noise protection seriously. In urban and metro-
politan areas with very busy infrastructures, quiet logistics in the 
form of electric trucks can make continuous deliveries over 
multiple shifts to the many logistics centers that are cropping up 
in these areas. Deliveries made during off-peak hours will make 
logistics more productive and will help reduce deliveries during 
daytime peak hours. 

If electric trucks are integrated into existing same-day delivery 
routines with evening delivery, battery capacities and charging 
times could cause problems if used in parallel during the day. 
For example, at package centers, which will have become more 
numerous in metropolitan and urban areas by 2030, workers on 
shift between 8:00 a.m. and 6:00 p.m. will have to do regular 
deliveries at almost zero emissions and quietly, yet, have to 
recharge their traction batteries sufficiently for the same-day 
evening shift. Advances in battery pack and charging technology 
are still needed on the technology end. Otherwise, last mile 
logistics companies will not be able to leverage the synergies 
required to lower costs, rather, instead, will have to cover the 
additional costs of spare vehicles or spare battery packs.

New vehicle concepts that are emerging due to electromobility 
could also be a potential response to demographic issues along 
the last mile. The Norwegian federal postal service “Posten 
Norge” developed the “Paxster” vehicle, a kind of one-person 
cabin scooter with storage compartments within the driver’s 
reach and featuring additional cargo space. Many drivers in 
Germany appreciate not only its 90-kilometer range and its 
maximum speed of 45 km/h, but also its good maneuverability 
and the fact that they can approach the mailbox fronts from the 
side. The German media group DVV, which provides mail 
delivery services and various magazines in Saxony, used this 

customized electric trucks with additional logistic benefits are 
offered that have no equivalent combustion-engine model.

The denser the population is, including local industrial facilities, 
the shorter the single leg of a delivery run along the last mile 
and the higher the fuel consumption and wear on combustion-
engine vehicles. The logistics industry often points out this fact 
by claiming that one year of use as a delivery truck results in as 
much wear and tear on the vehicle as ten years of private use. 
Electric trucks are built for this kind of use because the number 
of components subject to mechanical wear is quite low. The 
service life of electric trams, like the ones used in Geneva, Riga, 
Quito or Solingen show that electric vehicles can be used in 
continuous service for many decades. Also, fuel savings can be 
achieved through continuous operation (electric power costs 
instead of diesel fuel costs). Generally speaking, electric trucks 
are particularly cost-efficient in areas with a high start/stop 
frequency when driving. Electric trucks relieve high traffic 
volumes in urban areas as well as when driving short distances 
between the individual delivery stops in urban and metropolitan 
areas, they are also useful for delivery runs in urban areas that 
rarely exceed 100 kilometers and are often considerably shorter. 
Even if ranges moderately increase by 2030, it can be assumed 
that the last mile will become electric. For the same reason, the 
frequently-mentioned requirement of an infrastructure with short 
distances between charging stations will not be problematic for 
last mile transport. The traction battery will be charged during 
idle periods or when loading or unloading in the logistics center. 

Zero local emissions makes electric trucks ideal for use as part 
of the green logistics chain. The main benefit of the electric drive 
is that it operates with zero local emissions and is more effective 
if deployed from logistics centers close to urban areas. Because 
they generate no emissions, electric trucks can be loaded inside 
buildings without any difficulties. Amazon has experimented with 
this loading approach at its location in Munich and initial results 
show that it reduces loading and unloading time from 30 to 
about 8 minutes per vehicle. Also, logistics zones in urban areas 
could be designed to be more flexible and even integrated into 
buildings. As an example, the Fraunhofer concept of “ebase-
4Mobility,” is described as a multi-purpose area located in city 
centers used for mobility and the supply of goods. 

The project “GeNaLog – Low-Noise Night Logistics” has proven 
that these vehicles are the key to quiet logistics in compliance 
with the German Technical Instructions on Noise Prevention. 
The quiet logistics certificate introduced in the Netherlands is an 
appropriate seal of approval that not only makes the invest-
ments of service providers more secure, but also communicates 

Autonomous Driving
Today, vehicles are no longer solely operated by drivers 
behind the steering wheel or stepping on the gas and brake 
pedals, rather an increasing number of driver assist systems 
are taking over certain driving functions to relieve the driver. 
For years, fully automated systems have been successfully 
used in logistics, production facilities and warehouses, even 
in public rail transit and have continued to dynamically 
branch out into other fields. When it comes to road traffic, we 
can therefore expect that assist systems and pilot projects 
that support automated driving will continue to advance 
under real traffic conditions and that this technology will 
become more relevant even though, at the moment, highly 
automated driving on public roads still represents a techno-
logical challenge.

In this study, as well as among the committees of the Ger-
man Association of the Automotive Industry (VDA) and most 
scientific organizations, the term “autonomous driving” 
represents the top of six hierarchical levels in assisted or 
automated driving. While automation is supported by power-
ful sensors, the human capacity to understand and interpret 
the behavior of other road users must not be underestimat-
ed. Nevertheless, even though the world accepts that hu-
mans are prone to errors while driving, as evidenced by the 
millions of traffic accidents every year, there is comparatively 
little tolerance for any kind of severe accident caused by 
automated systems, nor is this issue intensively discussed. 
Out on the roads, partially automated driving has already 
played an important role in 2016 because more and more 

C7
vehicle to solve the demographic issue (recruiting new employ-
ees, illness rates among employees), especially for longer 
delivery runs in areas with lower population density. Rising costs 
due to high labor costs can be offset by improved productivity. 
Also, driving such a vehicle does not require a special vehicle 
driver’s license which solves problem of a shortage of skilled 
drivers.
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driver assist systems are being installed in new vehicles. 
Also, the first vehicles to be classified as “highly automated” 
are hitting the road. 

The automation of road and rail vehicles will change the 
logistics industry over the long term because vehicle opera-
tion, the economy of road traffic and also the nature of logis-
tics services could change and become safer and more 
reliable. This applies especially to the last mile. However, 
when it comes to platooning, which involves electronically 
coupling of trucks to one another to create an automated 
truck convoy on highways, the last mile has not yet been 
directly affected. Instead, logistics companies are planning to 
have the individual trucks leave the convoy once it has exited 
the highway to drive to different delivery destinations. This 
would mean that the drivers would take back the wheel and 
drive while also performing important communications func-
tions. 

Automated driving will have a far-reaching impact on the last 
mile, ranging from new kinds of small delivery robots to 
trucks that can drive automatically up to the receiving ramps 
of a major delivery destination. 

Already new applications and business models are emerging 
that will rely on flexible vehicle pool concepts and new logis-
tics and mobility concepts. However, the option of deploying 
vehicles for longer periods of time during the day without 
incurring direct driver expenses are coming up against a 
series of challenges. It is still unclear how driverless vehicles 

will communicate with those receiving the goods and how 
reliable the delivery will be. Additionally, there will be a longer 
period during which conventional and highly automated 
vehicles will have to share the existing traffic infrastructure; 
this phase will be a challenge for (Car2Car) communications 
and traffic organization. 

In general, the desire for increased safety on the roads is the 
driving factor behind autonomous driving. For last mile logis-
tics, autonomous driving will make it easier to meet rising 
customer requirements more efficiently. Small, easily maneu-
verable and flexible vehicles will be used more frequently. 
Important building blocks in all of this include digitalization, 
Industry 4.0 and interconnecting the supply chain, which will 

make it possible 
to better control 
traffic and 
coordinate the 
individual com-
ponents that 
make up the 
supply chain as 
a whole. Indus-
trial production 
and distribution 

logistics will become more tightly woven so that distribution 
logistics can dynamically respond to fluctuations in produc-
tion and demand and also join the trend toward product 
customization and batch size 1. The delivery driver can thus 
concentrate more on delivering the goods and interacting 
with receiving customers while the vehicle handles the driving 
(for example: the vehicle follows the delivery person who 
walks on the sidewalk while delivering the package). Current-
ly, rural areas are particularly expensive for last mile logistics 
companies to serve, but by using autonomous transport 
vehicles at shorter intervals (several times daily), the delivery 
level could be brought up to that of urban or metropolitan 
areas. This will require, however, that residents in rural areas 
embrace the concept of robot or driverless deliveries. At the 
same time, the average age of rural residents is expected to 
rise considerably in the near future, which means that it is a 
bit optimistic to assume that this technology will be welcomed 
with open arms in these areas. In regions suffering from a 
shortage of drivers, the use of automated vehicles will help 
logistics companies to offer last mile services at a reasonable 
cost.

Technological advancements are still needed before highly 
automated driving becomes the rule rather than the excep-
tion. But it will not be long before it is used in long-distance 
transport where framework conditions and other relevant 

factors are straightforward. There is much design and devel-
opment work to be done before highly automated vehicles 
can hit the roads in urban and rural areas where there are 
still too many surrounding influences to be taken into consid-
eration, including pedestrians in the city or fork lift truck traffic 
in industrial areas. One general challenge in this field is the 
need to create reliable communication channels that share 
trip and position data between the vehicles and the infrastruc-
ture using long-distance (such as the upcoming 5G mobile 
communication network) and short-distance communications 
(such as Bluetooth, NFC or wireless LAN) and uniform stand-
ards that all manufacturers abide by. In this case, the best 
approach is to integrate infrastructures, forward information 
or keep data ready for vehicles using their own sensors. In 
any case, it is clear that an automated vehicle will place 
much higher demands on the existing infrastructure than a 
human driver. A driver can recognize a severely damaged 
traffic sign and is still able to understand its meaning while a 
dirty traffic sign presents a major challenge for image recog-
nition algorithms.

Above and beyond these issues, there are other relevant 
legal and ethical questions that must be discussed or regulat-

ed, including the question of who shoulders the blame if an 
automated or driverless car causes an accident and what 
about data privacy.

Autonomous driving affects numerous end customer require-
ments and framework conditions, however it offsets demo-
graphic change by solving the problem of the shortage of 
skilled workers and increases the appeal of the workplace. As 
an example, imagine a truck weighing 12 tons that could be 
operated by a delivery driver who does not have a special 
driving license or, in an extreme case, any driving license at 
all if the truck is equipped with an autonomous control sys-
tem. Deploying autonomous vehicles in package delivery 
logistics will reduce the costs for customers in rural areas, 
even if delivery drivers are still used. If such drivers live close 
to their delivery area, they can jump in the truck, avoid com-
muting and thus offer  higher productivity along the last mile 
in rural areas. One challenge for completely driverless trans-
port is to get end customers comfortable with the idea of 
driverless or robot delivery and to teach customers without 
much technological savvy how to use and benefit from the 
automated delivery process. In an industrial or commercial 
environment where things revolves around partial or full 

Driver operates 
vehicle with 
ongoing 
longitudinal and 
lateral control.

No intervening 
vehicle system 
activated.

Assist system 
carries out all 
other functions.

System has 
longitudinal  
and lateral 
control  
in certain 
scenarios.

System has 
longitudinal and 
lateral control  
in certain 
scenarios
Identifies 
system limits 
and requests 
driver to take 
over with 
sufficient time 
reserve.

System can 
handle all 
situations in 
certain 
scenarios.

System can 
handle all 
situations 
automatically 
during the entire 
trip. Driver not 
required.

Driver operates 
vehicle with 
ongoing 
longitudinal and 
lateral control.

Driver monitors 
system on 
ongoing basis. 

Ongoing system 
monitoring  
by driver not 
required.

Driver not 
required for 
certain driving 
scenarios.

Automation

Driver

Levels of Automated Driving

Level 0
Driver only

Level 1
Assisted

Level 2
Partially  
automated

Level 3
Highly  
automated

Level 4
Fully  
automated

Level 5
DriverlessDegree of Automation
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The question is not whether autono-
mous driving will become a reality, 
but when it will be accepted by the 
public and sufficiently regulated by 
policy-makers and local government 
authorities.
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Preliminary Conclusions on Trends in Technology
As we approach 2030, various technological developments 
and trends will impact the design of the last mile, with some 
having more of an impact and some less. As digital technolo-
gies continue to find their way into social and economic 
processes, the emergence of the Internet of Things and the 
spread of 3D printing are becoming top agenda items for 
logistics companies and are igniting social discussions, also 
for the case that players along the last mile are not open to 
these trends.

Even today, digitalization and the Internet of Things are 
offering logistics companies many potential approaches and 
methods for improving the efficiency of existing processes 
and developing innovative new services. Most of all, com-
plete digitalization allows for higher availability and faster 
delivery for the benefit of the customers. Major challenges 
include preparing organizations for the future by equipping 
them with new technologies, broader use of IT and address-
ing data privacy and data protection issues, while also keep-
ing in mind demographic issues and the shortage of skilled 
workers. If companies do not view digitalization as an oppor-
tunity that demands investment in its technologies, they will 
be unable to tap into new opportunities.

3D printing can make existing last mile transports unneces-
sary and replace them with more consolidated and less 
urgent deliveries. If this technology moves production much 
closer to the customer, perhaps even into their places of 
business, deliveries of products produced by 3D print shops 
will not be required any more. This technology can offer 
added value for customized services at affordable prices and 
directly on site so that same-day delivery will not be difficult 
even with complex products that have to be modified, such 
as prosthetics. In extreme cases, the spread of 3D printing 
could improve the supply quality in those areas that are 
currently suffering from an exodus of skilled workers. It also 
seems realistic to think that retail chains in metropolitan and 
urban areas would welcome this technology to enhance the 
appeal of their local goods. Service providers along the last 
mile must decide whether they want to cooperate actively in 
shaping these developments or whether they will just accept 
the slow decline in express delivery transports.

Autonomous transport systems such as driverless trucks, 
robots or drones are currently in the pilot phase and are, in 
principle, an option for the last mile of the near future. The 
deployment of drones will perhaps be limited to certain types 
of deployment due to existing safety concerns and restrictive 
regulations. This is because the deployment of aerial motor 
vehicles consumes a lot of power compared to surface 

In urban areas with sufficient infrastructure, delivery robots 
could support local package deliveries and are therefore of 
interest to both changing city center retailers and same-day 
delivery providers. Considering their limited operational 
ranges, robot solutions also benefit from the customers’ wish 
to reduce the last mile and from the retailers’ desire to move 
closer to their customers, for example, by opening urban 
convenience stores. Larger autonomous vehicles or trucks 
are gradually being modified to support driverless operation. 
This may be useful in solving the problem of worker shortag-
es due to demographic change and domestic migration 
trends, but makes a well-developed and maintained infra-
structure a high priority, along with the important ethical and 
moral questions regarding safety and liability. Nevertheless, 
for larger vehicles, we expect that this technology will first 
establish itself in sectors with fewer potential hazards and 
that can adapt more easily to autonomous driving. According-
ly, it offers a good potential for general goods transports in 
rural areas, which benefit from platooning and from autono-
mously maneuvering trailers.

The readiness of the market for electric drive systems means 
that a plethora of currently established vehicles and engines 
and new electric vehicles and drive concepts for the last mile 
will be available and deployed by 2030. An essential factor 

C8
transport and can carry minimal payloads only. More compre-
hensive deployment of drones is considered as critical any-
way due to existing demands for quiet transport. Ground 
systems, on the other hand, can considerably reduce risks 
that may hinder a successful delivery to private people, 
particularly in medium-sized cities. Instead, as an alternative, 
the end customer could call in an “on-demand package 
delivery” by autonomous vehicles such as delivery robots.

driving this development is the demand for quiet and clean 
last mile logistics. Noise and pollutant emission restrictions 
will result in conventional gasoline-engine vehicles being 
replaced by electric vehicles on the last mile, at least in 
metropolitan and urban areas. In conjunction with this, the 
fact that electric drives are not very complex opens up op-
tions for the industry to use them in previously unknown 
vehicle concepts. In densely-populated regions, electric 
vehicles will foster the opening up of new business fields by 
introducing new delivery concepts such as night-time logis-
tics. The development of local distribution systems and their 
focus on synchronized same-day delivery will essentially 
determine the degree to which distribution in city centers will 
go electric. But even if they do become fully electric in metro-
politan areas, last mile road transport will still rely on conven-
tional technologies in 2030. In fact, conventional approaches 
will still prevail in rural areas where deployment of electric 
vehicles is hindered by limited drive ranges, the issue of 
emission is less prominent and conventional driving systems 
provide economic benefits.

payloads being transported to a loading ramp at a specified 
time, this technology has a major savings potential. For 
example, a platoon made up of numerous trucks can drive 
through an industrial area and the individual trucks can 
branch off and drive independently to their destinations.

Autonomous driving allows higher delivery frequencies for 
same-day delivery in urban and especially in rural areas by 
using small autonomous delivery vehicles. Currently, whether 
and to what extent this technology lowers carbon emissions 
in road freight transport is hotly debated, with scientists 
exploring this issue. While combining the future technologies 
of electromobility and autonomous driving does offer the 
potential of developing a reliable logistics concept that will 
preserve the environment, it could also lead to previously 
cost-inefficient transport options which will additionally stress 
road infrastructure also along the last mile. 

In conclusion, if innovative city center retailers jump at the 
chance to offer delivery services featuring autonomous 
driving to set themselves apart, there is also the risk that 
traffic problems in urban and metropolitan areas will intensify 
due to additional traffic caused by autonomous delivery 
transports. However, targeted deployment of autonomous 
electric vehicles could allow for delivery transports during 
off-peak hours, thereby promoting the idea of quiet logistics 
while also eliminating the problem of night-time delivery 
surcharges in addition to drivers’ wages.
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CHALLENGES / DECISION REQUIREMENTS

D
Introduction
The previous chapters have shown that different technological trends are influencing 
the actions of logistics companies along the last mile and will continue to do so in 
the future. On the one hand, these trends are raising fundamental and general 
questions that society, policymakers and businesses have to address. On the other 
hand, raising and answering such specific questions is necessary to create the 
foundation on which the success of certain technological innovations along the last 
mile can be built. This chapter therefore summarizes issues brought up in the pre-
ceding chapters and identifies the issues that must be addressed and the actions to 
be taken in the near future.

Ultimately, we found that last mile logistics is under increasing cost and time pres-
sures. Demographic change and a shortage of drivers, for example, have increased 
labor costs, all of which make delivery services to rural areas particularly expensive. 
Also, by 2030, small and medium-sized cities will “import” the demand for quiet and 
clean logistics from metropolitan areas, even though they are less densely populat-
ed. This, in turn, means that the hot spots with the greatest need for action will be in 
these areas and in metropolitan areas with serious traffic problems. In the case of 
environmentally-at-risk cities, this pressure affects not only the companies but local 
communities.

Actions by Logistics Companies

Understand the challenges of demographic change as an  
opportunity for innovation
Demographic change represents a dual challenge for logistics companies. First, they 
have to acknowledge that an aging population will require different services that 
focus more on high quality and less on speedy delivery. Companies that want to 
provide services to the older generation are developing innovative delivery solutions 
that may involve technological advances, such as robots. However, their end cus-
tomers should not be given the impression that these new last mile concepts will 
mean a loss in the quality of the service. If drones and robots are deployed in rural 
areas, the issue of anonymity associated with this technology to serve private cus-
tomers must be resolved. 

Both in the particularly challenging medium-sized cities and rural areas, a system of 
provider-neutral package drop boxes can make things easier for both logistics 
companies and the end customers. Consumers enjoying their life after retirement 
and families moving to the suburbs and who are used to the convenience of mail 
order service will benefit from using online retail services.
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D1
Small is beautiful: smaller logistics hubs near the end 
customer promote sustainable city logistics
Places where same-day shipments are sorted and loaded 
onto delivery vehicles must be located near to the potential 
recipients. Logistics suppliers should therefore establish 
appropriate sorting centers or micro depots, particularly in 
metropolitan areas. This allows for short delivery runs that are 
predestined for alternative transport vehicles such as cargo 
bicycles, delivery robots or electric trucks. Medium-sized 
cities are a good base because the traffic is not as heavy as 
in metropolitan areas and there is more availability of space in 
city centers.

Act Local: on-site logistics locations sustain local businesses
If logistics companies reduce the last mile by establishing 
sorting centers in close proximity to end customers, local 
businesses will benefit because they will be able to offer 
same-day delivery just like their online competitors. Another 
benefit for local retailers is that they can leverage conveni-
ence in consumer shopping behavior by delivering the goods 
to the customer’s home. If a logistics company tries to find 
solutions for local businesses, synergies emerge that enable 
same-day systems to be well utilized. If a logistics company 
operates micro depots in the city, it can offer warehousing 
services to local businesses.

Leverage the opportunities of digitalization through 
skilled employees
Digitalization requires that organizations and their employees 
learn how to handle higher data quantities and how to work 
with computer-generated decision proposals to make sound 
decisions. The use of intelligent infrastructure and tools, in 
particular, requires the organizations involved (dispatcher, 
logistics company, recipient, operator of infrastructure) to 
provide a high level of IT security and to immediately respond 
to security holes to make the Internet of Things successful. 
Preventing both new and existing employees from drowning 
in a flood of data is the key to making large masses of data a 
valuable resource. Confidence in integrity, protection against 
unauthorized access and data privacy are essential for this 
purpose.

Open standards allow for confidential cooperation  
along the last mile
Since logistics makes the job-sharing economy possible, it 
requires a mutually trustworthy use of data above and beyond 
the confines of organizations and national borders. The 
success of the OpenStreetMap project shows that this can 
succeed if open standards are applied instead of proprietary 
ones. Using data pools on the basis of trust along with the 

concept of industrial data space can be helpful in gaining 
acceptance by the public. 

Support subcontractors in the digitalization process
The structure of the logistics industry is heavily dependent on 
small and medium-sized companies that act as subcontractors 
to handle last mile deliveries under intense cost pressures. 
Those who want to benefit from the digitalization of the last 
mile must improve the IT expertise in both their own organiza-
tions and those of their subcontractors and support them 
actively in obtaining qualifications regarding data protection, 
security and privacy.

Actively shape industrial changes in 3D printing
The prevalence of 3D printing processes offers major opportu-
nities for business and industry. The cost-efficient and fast 
on-site production of custom-made objects, prototypes and 
spare parts will enable logistics companies to reduce some of 
their time-critical service volumes. They will have to include 
3D printing services in their product portfolios if they want to 
avoid becoming a victim of progress and, instead, be a de-
signer, like UPS and FedEx began doing some years ago. 
This will help them open up potential new business fields in 
the area of delivery of individual consumer products by coop-
erating with city center retailers.

Despite the use of drones, last mile logistics will stay 
mainly on the ground
Despite all assurances from numerous drone manufacturers, 
the concept of the transport drone is affected by safety issues 
and the high level of power consumption required by engine-
powered flight. Those logistics companies that nevertheless 
pursue the use of drones would be well advised to take the 
safety concerns of the population and of aviation authorities 
seriously and to design these aerial vehicles to be safe. 
Regulatory requirements will remain strict so that drones will 
not provide much relief to people along the last mile. The 
desire for lower costs in delivery services to rural areas will not 
be met in the foreseeable future. Logistics companies should 
therefore continue doing standard deliveries along the last 
mile using today’s current standard methods as we move 
toward 2030 and arrive safely at the customer’s instead of 
flying.

Use drones for new transport solutions in selected niches
In exceptional cases, the transport drone can be a flexible and 
cost-efficient alternative to special transports if conventional 
transport vehicles can only reach the destination with a lot of 
effort and expense. Keeping drones available and applying for 
appropriate licenses for set routes is recommended to service 

providers for use during major sporting events with thousands 
of spectators, natural disasters that make roads impassable, 
or for cost-efficient express transports between the mainland 
and islands. Against the backdrop of reducing traffic noise, 
which is the goal of many cities, the mass deployment of 
drones is still fairly improbable. Logistics companies should 
therefore focus on using drones for internal transport process-
es in facilities, for example, on factory premises and in ware-
houses.

Use delivery robots for innovative services and find 
synergies with local retailers
The delivery robot concepts thus far explored are not intend-
ed for mass deployment right from day one, rather empha-
sized inherent safety based on slow ground operation. New 
players on the market and well-established logistics compa-
nies are now faced with the decision to develop reasonable 
services and concepts that will integrate robots into the deliv-
ery process to relieve delivery drivers from the physical work 
involved. Robots would be a welcome addition to urban 
logistics systems, like those used for same-day delivery, and 
could be selectively used in the final phase of goods delivery. 
“Fleet operators” for delivery robots in metropolitan areas 
should consider the dual-use potential of their infrastructure. If 
retailers in medium-sized cities increasingly identified robot 
technology as useful, this would also be a good opportunity to 
utilize robot fleets efficiently right from the start. Companies 
that want to make robot delivery a quick success should build 
up a network of small stations close to the end customers 
recipients to support automated and reliable goods delivery (a 
kind of “package drop box plus”). 

Gather information on electric transport 
Since electromobility is an efficient instrument for quiet and 
clean logistics, it is the preferred option for many cities. Com-
panies involved in the last mile should start gathering informa-
tion on electric transport even now since there is more to the 
deployment of electric vehicles than simply being powered by 
electricity instead of diesel fuel. Purchasing and fleet planning 
employees who supply vehicles and equipment to last mile 
depots currently have little knowledge regarding the actual 
opportunities and limits of this technology. The same applies 
to dispatchers and drivers. According to findings from the 
Fraunhofer IML, “fear of short range” also haunts companies 
and is standing in the way of using electromobility in an 
economically reasonable manner. If companies became 
familiar with this technology at an early stage, they would 
have accurate information on hand and be prepared for 
electrification by the time electric trucks enter comprehensive 
volume production and become ubiquitous on the roads.

Efficiently implement convenience logistics through 
communication and digital technology
Convenience and fresh produce logistics place high demands 
on successful on-time delivery to the place of use, if possible. 
Also worth noting is that recipients or end customers see 
goods and logistics as one unit, so that logistics errors influ-
ence the perceived quality of the overall product. Simply 
depositing a freshly cooked meal in a package drop box or 
delivering garden plants just before dark will not be sufficient. 
Logistics companies are well advised to use the opportunities 
created by advances in digitalization to deliver such items to 
precisely the location of the recipient at any given time to 
guarantee successful delivery. Cooperation from the end 
customer is decisive because they are the ones who provide 
information on their location at an early stage or other infor-
mation to ensure a successful delivery. By involving the end 
customer in the process using appropriate technology such 
as mobile apps, logistics companies must naturally verify con-
fidentiality and security in handling sensitive recipient data.

Standardize same-day delivery to open up potential  
cost savings
Same-day delivery is often considered the equivalent of a 
courier service and therefore just as expensive. Only by 
standardizing this service can logistics companies tap into 
economies of scale and thereby reduce costs and prices. 
Strictly speaking, this means that same-day delivery will 
become a success if logistics companies define set times of 
day when shipments have to go out and when the delivery will 
be made, thus creating time windows in which standardized 
delivery runs are made instead of using customer-specific 
courier services.
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Use electromobility to develop new transport vehicles 
and last mile concepts
The example of the “Paxster” demonstrates that electromobil-
ity along the last mile can initiate the development and intro-
duction of new transport vehicles. Both Paxster and Streets-
cooter were designed and manufactured to meet the needs of 
a logistics company. It also shows that last mile logistics 
companies should think outside the box. Last mile planning 
should not focus exclusively on known vehicle types, instead 
it should consider the option of having customized vehicles 
designed for specific applications and business models to bet-
ter meet last mile requirements from end customers and 
policymakers. Innovative electric vehicles are not limited to 
metropolitan areas, after all the Paxster was explicitly de-
signed for rural areas and the Streetscooter for urban areas.

Opt for a mix of different drive technologies but with 
common business sense
It is reasonable to assume that traditional trucks equipped 
with electric drivelines will be available by 2030, however, 
mass production and pricing similar to current diesel trucks by 
that year is unrealistic. This will force companies to look hard 
at yet another issue. While vehicle costs are fairly standard in 
a vehicle fleet that consists solely of diesel vehicles and only 
the fleet’s average diesel fuel consumption is tracked, a 
diverse vehicle fleet that also includes electric trucks requires 
that companies track the actual consumption data and ex-
penses which will enable them to make economically reason-
able decisions. If only the average values of the entire vehicle 
fleet are looked at in the decision-making process, the diesel 
truck vs electric truck benchmark figures are not likely to 
reveal the most cost-efficient areas of application. If metropol-
itan areas and medium-sized cities require zero local emis-
sions along the last mile, logistics companies must respond, 
but should first act on the cost efficiency principle with a focus 
on the most lucrative areas of application for electric trucks or 
substitute diesel trucks in situations where this can be done 
with minimum loss. Logistics companies thus make the costs 
of meeting clean and quiet delivery requirements transparent 
for the customer and recipients of a product. The question of 
how credible the current surcharges for diesel fuel are consid-
ering the rising use of electric vehicles in delivery fleets is 
interesting since the extremely high fuel consumption gener-
ated by local transports can now be avoided.

Driverless vehicles will change transport logistics and 
will become an important element along the last mile
Neither autonomous delivery robots nor traditional trucks will 
need human drivers in the future. This means that those who 
are directly affected by this technological advance, the profes-

sional truck drivers, will have to be wooed for their accept-
ance. Complex logistics services will also require a human 
presence along the last mile, either as an escort or at least as 
monitor or manager.

Simple deliveries in secured surroundings are a good 
first step toward autonomous driving
Example: General goods transports in rural areas
Identifying appropriate areas of application that are sensible 
both in technological and economic terms is a major issue 
that logistics companies need to resolve. One less technologi-
cally demanding solution compared to full automation is to join 
several trucks together in a small platoon for general goods 
delivery. This involves one lead truck operated by a human 
driver that is followed closely by driverless trucks. The platoon 
can then separate and dock in parallel at several ramps in 
secured surroundings, for example, the recipient’s truck 
terminal. This concept requires acceptance by the recipient 
and IT and technological support to be successful. Also, such 
a concept makes the delivery and the collection of goods 
much more efficient, particularly for those industries that have 
historically developed in rural regions which do not have good 
road infrastructure. 

Successful autonomous driving pilot projects solve the 
driver shortage problem
If we take successful pilot projects in which driverless electric 
trucks are deployed as a platoon in manageable and secured 
areas to show that this technology works, then we can think 
about rolling it out in more challenging areas. If the lead truck 
described in the above paragraph is autonomously operated, 
in extreme cases, the “driver” will not need a special driving 
license, which will ease the pressure of having to find qualified 
drivers.

Driverless trucks allow last mile logistics employees to 
live near their assigned delivery area
The use of driverless trucks, for delivery in package logistics, 
for example, means that the driver does not have to be in the 
truck when the delivery run begins. If a loaded delivery truck 
is sent out on a delivery run, it can collect the driver on its 
way. The driver can then use his or her work time more effi-
ciently and reduce commuting time. If the driver lives close to 
his assigned delivery area and far from the truck terminal, a 
driverless truck will reduce previously non-productive labor 
costs (driving to and from the assigned delivery area).

Actions by Society and Policymakers

Solve demographic challenges and worker shortages 
together with local businesses and logistics companies
Logistics is an industry that is experiencing a rising demand 
for more skilled and qualified workers than are available in 
some regions. Delivering supplies to local businesses and 
the greater population and the attractiveness of a region are 
all interconnected and should not be seen as separate is-
sues. Especially in rural areas, the players involved should 
consolidate their efforts and find mutually beneficial solutions 
to attract and keep skilled workers in the area by offering a 
high quality of life and training and job opportunities. Open-
ness to innovative technological solutions, like driverless 
delivery trucks, might make people see it as an attractive and 
forward-looking location, particularly in rural areas.

Shape uniform clean air and noise prevention regula-
tions across Europe using common sense
No one disputes that last mile transports can contribute to 
reducing traffic noise and improving air quality. That’s why it 
makes more sense to define specific business incentives to 
accelerate the spread of low-emission or zero-emission 
technologies along the last mile. The widely diverging low 
emission zones currently seen in Europe should be replaced 
by clear, uniform regulations that provide a better planning 
basis for last mile logistics. Binding definitions of exactly what 
quiet logistics and low-emission logistics mean are already 
being established so that they can be applied across the 
board by regulators to set up last mile rules and regulations. 
This will create incentives for companies to take action. One 
major result of the project “GeNaLog – Low-Noise Night 
Logistics” is the “Piek-Certificaat” which is a now well-estab-
lished seal of approval for quiet logistics in the Netherlands 
and could serve as a model for a German or European seal 
of quality.

Public acceptance goes hand in hand with confidence in 
the safety of new last mile technologies 
Various technologies are being tested along the last mile and 
will be ready for operation by 2030, whether it is driverless 
trucks, transport robots or drones. Besides reliable legal 
framework conditions, the first step for successful field tests 
is broad acceptance by customers and companies receiving 
the deliveries. The main factor that helps to garner public 
acceptance is that everyone trusts that the new technology 
used in the public sphere does not create excessive potential 
risk. Ethical issues must be addressed, but everyone has to 
understand that risks cannot be 100% ruled out. For cities 
looking at night-time logistics as a way of relieving traffic 

D2
congestion and infrastructure overload, we recommend 
establishing clear, safety-oriented rules and regulations.

Open standards and protocols, safe data management 
and comprehensive IT infrastructure form the basis for 
successful digitalization along the last mile
Broad acceptance of digital technology by the public and its 
new areas of application have already been mentioned. In 
this regard, supporting the use of open communication 
protocols and standards makes it possible to share valuable 
data along the last mile to all parties and not only monopo-
lists. Together with local businesses, local communities 
should establish fiduciary data pools for a confidential and 
safe use of local data. Additionally, efforts should be made to 
ensure the availability of the 5G mobile communication 
network. Since complaints have been made over the years 
regarding gaps in providing such services to rural areas, but 
also to various small and medium-sized cities with broad-
band internet, this issue must be a priority to close this gap.

Create digital jobs and provide job-training for workers
Digitalization is opening up new business models, particularly 
in the transport industry, and is stimulating growth in digital 
car-sharing companies in the passenger transport industry 
under the catch phrase “the sharing economy.” The public 
and policymakers must look at how this development could 
impact the last mile. One thing is certain: digitalization will 
require higher-skilled workers on the last mile. To create such 
forward-looking jobs, policymakers must therefore establish 
appropriate certificate and job training programs for these 
jobs.
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View 3D printing as an opportunity for new production 
and logistics structures and to alleviate skilled worker 
shortages in local areas
Up-and-coming 3D printing technology will revive manufactur-
ing in urban areas, particularly for specially produced or 
customized products. In rural areas where there is an in-
creasing shortage of skilled workers, 3D printing can open up 
opportunities to improve deliveries of local supplies. Policies 
that support local businesses in the introduction and use of 
3D printing can positively impact the quality of life on local 
levels and mitigate the effects of demographic change and 
national migration patterns.

Keep opportunities for local retailers and industrial 
companies in sight when licensing delivery robots
The delivery robot has been designed to be used mainly in 
medium-sized cities. If delivery robots are used more over a 
wider area, then policymakers will have to walk the fine line 
between two issues. The first is that robots make it easier to 
deliver packages, thus relieving the workload for delivery 
service providers and faster service to recipients, but, on the 
other, robots do not make a distinction as to the origin of their 
payload. Just because local city authorities willingly grant 
operating licenses and set up areas for robot package drop 
boxes and robot package stations, this does not guarantee 
that only local businesses will benefit. For cities that expect 
robot systems to be embraced by the public, the local authori-
ties should first bring local businesses on board as a defini-
tive partner to leverage deliveries in city centers to make 
them more appealing as a good business location. In rural 
areas, especially, robots could take on the role that was 
originally assigned to the drone if they travel on a convention-
al vehicle. This system cannot work without a reliable infra-
structure. Both in rural and in urban areas, robots benefit 
from advanced communication networks, yet there is no point 
in deploying this technology if there are unpaved roads that 
might present obstacles for the robot. Cities and towns that 
want to welcome package delivery trucks with swarming 
delivery robots must be proactive in providing good roads and 
ensuring safe traffic.

Establish transport drones as special transport vehicles
Safety concerns and limited deployment options will force 
transport drones into niche markets. Local communities 
should review whether transport drones would be suitable as 
an emergency delivery option (express delivery of medica-
tion, blood reserves, etc.) in areas other than delivery for 
islands and remote mountain areas. Doing so would only 
impact a last mile to be driven in case of emergency but not 
regularly. Strong safety concerns among the general public is 

one reason why a recommendation for the widespread and 
regular use of transport drones in package delivery cannot be 
made.

Realistic estimates regarding electromobility and accept-
ance of diverse drive systems
Electromobility is a top priority among politicians and is on 
course to become an integral part of commercial deliveries 
along the last mile. As this study has already shown, this is 
an ambitious goal that can be achieved only in some metro-
politan areas and a few small and medium-sized cities with a 
view toward 2030. There will be few alternatives to the com-
bustion engine in rural or urban areas far away from general 
freight and package sorting centers, particularly because 
electromobility will be a new technology on the market even 
in 2030. This is because the major manufacturers of com-
mercial vehicles will not get these new technologies into 
volume production until at least 2020.

Welcome logistic companies to cities but insist they 
provide clean logistics
In areas where distances along the last mile are short 
enough, cities and communities have a powerful tool, name-
ly, they can link the use of clean and quiet logistics with 
economic incentives. Regions heavily affected by structural 
changes such as the Ruhr region in Germany or metropolitan 
areas like Vienna, where the rail network is thinning out, can 
provide open industrial areas with good access to local road 
networks. For example, a DHL package sorting center with 
good road access is currently being built on the site of the 
former Opel plant in Bochum while the Opel group is provid-
ing street scooters for existing delivery stations. If cities 
consistently provide open areas for logistics with the caveat 
that last mile deliveries in their areas will be low-noise and 
low-emissions, then the needs of logistics companies and the 
city’s requirements are met and an incentive for the use of 
electromobility is created. If heavy city traffic makes it difficult 
for logistics companies to reach service and cost targets and 
micro depots in the city represent a good solution, then it will 
not be necessary to ban diesel trucks to promote electric 
energy. However, it is important that the regulations for 
acquiring these valuable open areas are fair and apply 
across all regions or even nationwide so that no one location 
in a town or city has a competitive advantage over any other, 
this would be a lose-lose situation for the cities, the logistics 
companies and the environment. 

Designate clear deployment areas, traffic regulations 
and maneuvering areas for driverless vehicles
Driverless vehicles, whether it’s a truck, robot or drone, 
require a clear legal framework that ideally conforms to 
national or European laws and regulations. In addition to 
traffic regulations, clear liability regulations will be required to 
create legal certainty for any typical traffic or road incidents. 
Questions such as who is liable in case of an accident? How 
are robots or driverless trucks that have broken down towed 
away? 

The use of large delivery vehicles, in particular, raises ethical 
questions as soon as there is a risk of injury to people. The 
risk of a driverless vehicle being intercepted through the use 
of jamming transmitters must be able to be identified and 
proactively reduced. This can be achieved by developing a 
supporting infrastructure, to include digital “position lights.” 
Roads and the surrounding infrastructure must facilitate 
autonomous driving and their quality improved, if necessary. 
For economic reasons, driverless vehicles must be deployed 
on clearly defined routes during specific time windows and 
for specific purposes. This not only promotes acceptance of 
the technology by the public and its users, but also encourag-
es a targeted focus on the most reasonable applications at 
the respective times. These regions, interrelationships and 
street networks systems must be defined in a joint effort 
between goods suppliers, the general public and the logistics 
industry. 

With further advances in robot technology, the line between 
delivery robots and driverless trucks will become much 
fainter if such vehicles take over transporting small pallet 
shipments and become increasingly interesting for commer-
cial customers. The last mile for general freight logistics could 
change considerably, but will require special designated 
transfer and depot areas for final distribution by a robot. 

Summary
No one knows exactly what the future holds. While the 
forecasts and projections systematically derived from the 
findings in this study and the associated recommendations 
harbor some uncertainty, there are a few things we do know 
for certain. One is that societies provide strong workforces, 
active consumers and make decisions regarding an econom-
ic regulation framework and thus expect last mile logistics 
providers, as an essential connecting element in a “sharing 
economy,” to be able to adapt to changing conditions. Ser-
vice providers along the last mile would therefore be well-ad-
vised to ensure that their employees and organizational 
structures are open to change and, instead of getting left 
behind, are ready to shape the coming transformation in the 
logistics industry with innovative applications and ground-
breaking concepts.

C
op

yr
ig

ht
: F

ot
ol

ia
 –

 fo
to

m
ek

CHALLENGES / DECISION REQUIREMENTS



62 63

References

Anderson, Chris (2009): Fred Smith: FedEx wants 
UAVs, in: DIY Drones, http://diydrones.com/
profiles/blogs/fred-smith-fedex-wants-uavs. 
(Accessed 16.11.2016).

AsTra model (2016): ASIF-scheme for GHG emis-
sions of transport, http://www.astra-model.eu/
ASIF-scheme.htm. (Accessed 16.11.2016).

Auffermann, Christiane/ Mahlstedt, Klas/ Möde, 
Stephanie/ Kempcke, Thomas (2012): Trends 
in der Handelslogistik 2012 - Ergebnisse einer 
Befragung führender Unternehmen aus  
Handel, Industrie und Logistikdienstleistung in 
Deutschland, Österreich und der Schweiz.

Automobil Produktion (2016): Daimler: E-Auto- 
Absatz soll bis zu 25% ausmachen, in Automobil 
Produktion, https://www.automobil-produktion.
de/hersteller/wirtschaft/daimler-e-auto-absatz-
soll-bis-zu-25-ausmachen-101.html. (Accessed 
16.11.2016).

Bialdiga, Kirsten (2014): Zalando drängt in die Innen-
stadt, in: Süddeutsche Zeitung, http://www.sued-
deutsche.de/wirtschaft/online-handel-laden-als-
labor-1.2283358. (Accessed 16.11.2016). 

Binder, Evelyn (2014): Aral an der Riehler Straße. 
Erste Tankstelle mit Rewe-Markt, in: Kölner 
Stadt-Anzeiger, http://www.ksta.de/koeln/ 
innenstadt/aral-an-der-riehler-strasse-erste-
tankstelle-mit-rewe-markt-911762. (Accessed 
16.11.2016).

Bloching, Björn/ Leutiger, Philipp/ Oltmanns,  
Torsten/ Rossbach, Carsten/ Schlick, Thomas/ 
Remane, Gerrit/ Quick, Paul/ Shafranyuk,  
Oksana (2015): Die digitale Transformation 
der Industrie, Roland Berger Strategy Consult-
ants/ Bundesverband der Deutschen Industrie 
(ed.), Berlin.

Bogdanski, Ralf (2015): Nachhaltige Stadtlogistik 
durch Kurier-, Express-, Paketdienste, Bundes-
verband Paket und Expresslogistik e.V. (ed.), 
Berlin.  

Bohnensteffen, Marcel (2015): Rewe to go: Rewe 
wagt ein Konzept, das sich bislang kein  
anderer deutscher Supermarkt getraut 
hat, in: The Huffington Post, http://www.
huffingtonpost.de/2015/06/01/rewe-to-go-
supermarkt_n_7485258.html. (Accessed 
16.11.2016).

Bollig, Sebastian (2016): Von München aus 
Deutschland erobern, in: Deutsche Verkehrs-
zeitung, http://www.dvz.de/rubriken/land-
verkehr/single-view/nachricht/von-muenchen-
aus-deutschland-erobern-du-musst.html. 
(Accessed 16.11.2016). 

Bradl, Nadine (2015): Lieferung: Drohne gegen  
Roboter – möge der Bessere gewinnen.  
Google-Mutterkonzern verkündet Drohnen- 
Einsatz ab 2017 – Start-Up setzt auf Roboter, 
in: LOGISTIK-HEUTE, http://www.logistik- 
heute.de/node/13790. (Accessed 16.11.2016).

Breitkopf, Thorsten (2016): Metro schließt Filialen 
von „Emmas Enkel“, in: Rheinische Post, 
http://www.rp-online.de/nrw/staedte/duessel-
dorf/metro-schliesst-filialen-von-emmas-enkel-
aid-1.6100030. (Accessed 16.11.2016).

Brücker Herbert (2010): Zuwanderungsbedarf und 
politische Optionen für die Reform des Zuwan-
derungsrechts. Institut für Arbeitsmarkt- und 
Berufsforschung (ed.), Nürnberg, 2010.

Bund für Umwelt und Naturschutz Deutschland 
e.V. (2016): Soot-free for the Climate – Over-
view of Measures, http://sootfreecities.eu/
measure. (Accessed 16.11.2016).

Bundesagentur für Arbeit (2016): Migration und  
Arbeitsmarkt, https://statistik.arbeitsagentur.
de/Navigation/Statistik/Statistische-Analysen/
Statistische-Sonderberichte/Migration-Arbeits-
markt/Migration-Arbeitsmarkt-Nav.html.  
(Accessed 15.11.2016).

Bundesministerium für Verkehr, Innovation und 
Technologie (bmvit) (2016): Die Drohnen-
Kategorien, https://www.bmvit.gv.at/verkehr/
luftfahrt/drohnen/kategorien.html. (Accessed 
16.11.2016).

Bundesministerium für Wirtschaft und Energie 
(BMWi) (2009): Bundeskabinett: Deutschland 
soll zum Leitmarkt für Elektromobilität 
werden, http://www.bmwi.de/DE/Presse/
pressemitteilungen,did=309868.html.  
(Accessed 16.11.2016).

Bundesministerium für Wirtschaft und Energie 
(BMWi) (2015): Impulse für die Digitalisierung 
der deutschen Wirtschaft. Digitale Agenda 
des BMWi, September 2015, Berlin.

Bundesministerium für Wirtschaft und Technologie 
(BMWi)/ Bundesministerium für Familie,  
Senioren, Frauen und Jugend (BMFSFJ) 
(2010): Wirtschaftsfaktor Alter, Faktenblatt 4, 
April 2010, Berlin.

Bundesregierung (2015): Elektromobilitätsgesetz 
in Kraft. Sonderrechte für Elektroautos,  
https://www.bundesregierung.de/Content/DE/
Artikel/2015/03/2015-03-27-elektro- 
mobilitaetsgesetz-bundesrat-beschluss.html.  
(Accessed 16.11.2016).

Bundesverband Güterkraftverkehr (BGL) (2016): 
Kostenentwicklung im Güterkraftverkehr, 
http://www.bgl-ev.de/web/der_bgl/ 
informationen/branchenkostenentwicklung.
htm&v=2#form. (Accessed 15.11.2016).

Buslei, Hermann/ Schulz, Erika/ Steiner,  
Viktor (2007): Auswirkungen des demo- 
graphischen Wandels auf die private Nach-
frage nach Gütern und Dienstleistungen in 
Deutschland bis 2050, Deutsches Institut  
für Wirtschaftsforschung (DIW) Berlin (ed.), 
Berlin. 

Cacilo, Andrej/ Schmidt, Sarah/ Wittlinger, Philipp/ 
Herrmann, Florian/ Bauer, Wilhelm/ Sawade, 
Oliver/ Doderer, Hannes/ Hartwig, Matthias/ 
Scholz, Volker (2015): Hochautomatisiertes 
Fahren auf Autobahnen - industriepolitische 
Schlussfolgerungen, Fraunhofer-Institut  
für Arbeitswirtschaft und Organisation (IAO) 
(ed.), Stuttgart.

Clausen, Uwe/ Hollow, Klaus-Dieter/ Kadow,  
Michael (2014): Zukunftsbilder Transport und 
Logistik 2030. Untersuchung der Entwicklungs-
potenziale der Verkehrsträger Straße und 
Schiene bis 2030.

Collins, Paul (2012): The Silent Killer, in: Slate.
com, http://www.slate.com/articles/business/
gearbox/2012/05/hybrid_and_electric_cars_
too_quiet_why_they_re_dangerous_to_ 
pedestrians_.html. (Accessed 15.11.2016).

Commerzbank AG (2015): Abschied vom  
Jugendwahn? Unternehmerische Strategien 
für den demografischen Wandel, Frankfurt am 
Main.

Corbet, Michelle (2015): FedEx founder warns  
of drone dangers, in: Memphis Business 
Journal, http://www.bizjournals.com/memphis/
news/2015/10/07/fedex-founder-warns-of-
drone-dangers.html. (Accessed 16.11.2016).

Cordes, Michael (2016): Roboter liefert Pakete aus, 
in: VerkehrsRUNDSCHAU, 70. Jg., Nr. 32-33, 
2016, S. 36.

DDV Mediengruppe (2016): Öko-Flitzer, http://www.
ddv-mediengruppe.de/news/articles/oekoflitzer. 
(Accessed 16.11.2016).

Deutsche Post DHL (2014a): Deutsche Post DHL 
übernimmt StreetScooter GmbH, http://www. 
dpdhl.com/de/presse/pressemitteilungen/2014/
deutsche_post_dhl_uebernimmt_streetscooter_
gmbh.html. (Accessed 16.11.2016).

Deutsche Post DHL (2014b): Global E-Tailing 2025, 
Bonn.

DHL Trend Research (2014):  Self Driving Vehicles in 
Logistics. A DHL perspective on implications and 
use cases for the logistics industry.

DHL Trend Research (2015): Internet of Things in  
Logistics. A collaborative report by DHL and  
Cisco on implications and use cases for the  
logistics industry.

DHL Trend Research (2016): Logistics Trend  
Radar. Delivering insight today. Creating value 
tomorrow!.

Donath, Andreas (2016): Google fährt Lieferdrohnen-
projekt herunter, in Golem Media GmbH, http://
www.golem.de/news/project-wing-google-faehrt-
drohnenprojekt-herunter-1611-124347.html. 
(Accessed 15.11.2016). 

ECE (2016): Shopping-Center, http://www.ece.de/ 
unternehmen/immobilienarten/shopping-center/. 
(Accessed 16.11.2016).

EDEKA Food Service (2016): SPAR Express - das 
Convenience-Shop Konzept, http://edeka-food-
service.de/GROSSMARKT/de/edeka_cc_gross-
markt/spar_express_12/spar_express_3.jsp. 
(Accessed 16.11.2016).

Entrepreneur (2016): 7-Eleven Inc., https://www. 
entrepreneur.com/franchises/7eleveninc/ 
282052. (Accessed 16.11.2016).

e-tailment (2012): Der Kampf ums Frühstücks-
brötchen ist entbrannt, in: etailment.de, http://
etailment.de/news/stories/Der-Kampf-ums-
Fruehstuecksbroetchen-ist-entbrannt-13940. 
(Accessed 16.11.2016).

European Commission (2014): Commission  
welcomes Parliament vote on decreasing  
vehicle noise, Press Release, http://eu-
ropa.eu/rapid/press-release_IP-14-363_
en.htm?locale=en. (Accessed 15.11.2016).

European Commission (2015):  Statistics – accidents 
data, http://ec.europa.eu/transport/road_safety/
specialist/statistics_en. (Accessed 16.11.2016).

European Commission (2016a):  EU Road safety 
policy, http://ec.europa.eu/transport/road_safety/
specialist/policy_en. (Accessed 16.11.2016). 

European Commission (2016b): Städtische Zugangs-
verordnung in Europa. Wie viele Zugangs- 
regelungen?, http://de.urbanaccessregulations.
eu/userhome/how-many-access-regulations.  
(Accessed 16.11.2016). 

Focus (2015): „REWE-to-go“: Supermarkt bie-
tet sein neues Konzept bald deutschland-
weit an, in: Focus online, http://www.
focus.de/finanzen/news/unternehmen/city-
shops-fuer-den-schnellen-bedarf-rewe-to-
go-supermarkt-weitet-neues-konzept-auf-
ganz-deutschland-aus_id_4722330.html. 
(Accessed 16.11.2016).

Franceschi-Bicchierai, Lorenzo (2012): GPS  
Hijacking Catches Feds, Drone Makers 
Off Guard, in: WIRED, https://www.wired.
com/2012/07/drone-gps-spoof/. (Accessed 
16.11.2016).

FSL Ladenbau (2016): REWE To Go. Vom Pilot-
projekt zum Erfolgsprojekt, http://fsl-ladenbau.
de/projekte/rewe-go. (Accessed 16.11.2016).

Fuchs, Jochen G. (2015): E-Commerce: Die 
große Same-Day-Delivery-Übersicht für 
Deutschland [Update], in: t3n digital  
pioneers, http://t3n.de/news/e-commerce-
same-day-delivery-uebersicht-565331/.  
(Accessed 15.11.2016). 

Fuchslocher, Götz (2015): Elektromobilität: Freies 
Parken für E-Autos, in: Automobil Produktion, 
https://www.automobil-produktion.de/herstel-
ler/wirtschaft/freies-parken-fuer-elektro- 
autos-110.html. (Accessed 15.11.2016).

Futurezone technology news (2016): Sydney 
testet Bodenampeln für unaufmerksame 
Handy-Nutzer, in: Futurezone, https:// 
futurezone.at/digital-life/sydney-testet- 
bodenampeln-fuer-unaufmerksame-handy-
nutzer/202.286.224#jumptome.  
(Accessed 15.11.2016).

Galarraga, Ibon/ Markandya, Anil (2004):  Eco-
nomic techniques to estimate the demand 
for sustainable products: A case study for 
fair trade and organic coffee in the UK, in: 
Economía Agraria y Recursos Naturales Vol. 
4, 7, S. 109-134.

Geisler, Bob (2014): Rewe erfindet in Blankenese 
den Tante-Emma-Laden neu, in: Hamburger 
Abendblatt, http://www.abendblatt.de/ 
hamburg/altona/article124095127/Rewe- 
erfindet-in-Blankenese-den-Tante-Emma- 
Laden-neu.html. (Accessed 16.11.2016). 

Gerberviertel (2015): BAUHAUS kommt ins  
Gerberviertel, in: Gerberviertel-Stuttgart,  
http://gerberviertel-stuttgart.de/
wordpress/?p=691. (Accessed 16.11.2016).

Gillies, Constantin (2016): Alles aus dem Netz, in: 
VerkehrsRUNDSCHAU, 70. Jg., Nr. 28, 2016, 
S. 20-23.

Golod, Vassili (2016): Erste Städte richten Boden-am-
peln für Handy-Nutzer ein, in: Rheinische Post, 
http://www.rp-online.de/politik/deutschland/
koeln-und-augsburg-richten-bodenampeln-
fuer-handy-nutzer-ein-aid-1.5924168. (Ac-
cessed 16.11.2016). 

Growitsch, Christian/ Nitt-Drießelmann, Dörte/ 
Schlitte, Friso (2015): Handel 4.0. Aus- 
wirkungen der Digitalisierung auf Handel und  
Versandlogistik in Hamburg, Ham- 
burgisches WeltWirtschaftsInstitut, Hambur-
ger Sparkasse AG (ed.), Juni 2015, Hamburg.

Halterman, T.E. (2015): German shipping Giant, 
TNT ist working to Integrate 3D Printing into 
Supply Chain, in: 3dprint.com, https://3dprint.
com/67555/tnt-germany-3d-printing/.  
(Accessed 15.11.2016).

Handelsjournal (2012): Stop, buy and go, in: 
Handelsjournal, http://handelsjournal.
de/2012/09/13/menschen-management/ad-
min/stop-buy-and-go/. (Accessed 16.11.2016).

Handelsjournal (2013a): Mit Mut, in: Handels-
journal, http://handelsjournal.de/2013/12/15/
technik-prozesse/admin/mit-mut/. (Accessed 
16.11.2016).

Handelsjournal (2013b): Wachstum und Neueröff-
nungen, in: Handelsjournal, http://handelsjour-
nal.de/2013/10/07/technik-prozesse/admin/
wachstum-und-neueroeffnungen/. (Accessed 
16.11.2016).

Handwerkskammer zu Köln (2013): Die Belastung 
von Handwerksbetrieben durch Staus. Ergeb-
nisse einer Umfrage im Frühjahr 2013. Köln.

Hannemann, Matthias (2015): Online City Wup-
pertal. Bin ich jetzt drin?, in: brand eins, Aus-
gabe 04/2015, https://www.brandeins.de/
archiv/2015/handel/online-city-wuppertal-bin-
ich-jetzt-drin/. (Accessed 16.11.2016).

Happel, Stephan (2014): Same-Day-DeliveryProb-
leme und Potenziale bei der taggleichen Zustel-
lung, in: Wirtschaftswoche, http://www.wiwo.de/
unternehmen/handel/same-day-delivery-pro-
bleme-und-potenziale-bei-der-taggleichen-zu-
stellung/9632758.html. (Accessed 15.11.2016). 

Hausmann, Ludwig/ Herrmann, Nils-Arne/ Krause, 
Jan/ Netzer, Thomas (2014): Same-day deliv-
ery: The next evolutionary step in parcel  
logistics, http://www.mckinsey.com/indus-
tries/travel-transport-and-logistics/our-insights/
same-day-delivery-the-next-evolutionary-step-
in-parcel-logistics. (Accessed 15.11.2016).

Hegemann, Lisa (2015): Ikea in der Innenstadt. 
Köttbullar statt Kauflust, in: Handelsblatt, http://
www.handelsblatt.com/unternehmen/handel-
konsumgueter/ikea-in-der-innenstadt-koett- 
bullar-statt-kauflust/11603440.html. (Accessed 
16.11.2016).

HEIGHT TECH (2016): FAQ, http://heighttech.com/
faq/. (Accessed 16.11.2016).

Herterich, Petra (2012): Leer: Aus für ECE – Geg- 
ner jubeln, in: Ostfriesen-Zeitung, http://www.
oz-online.de/-news/artikel/101331/Leer-
Aus-fuer-ECE-Gegner-jubeln. (Accessed 
16.11.2016).

Hielscher, Henryk/ Heise, Stephanie (2015): Rewe 
will mit Biomärkten und City-Shops weiter 
wachsen, in: WirtschaftsWoche, http://www.
wiwo.de/unternehmen/handel/rewe-chef-alain-
caparros-rewe-will-mit-biomaerkten-und-city-
shops-weiter-wachsen/11837200.html.  
(Accessed 16.11.2016).

Høyer, Karl Georg (2008): The history of alternative 
fuels in transportation: The case of electric and 
hybrid cars, in: Utilities Policy 16 , S. 63-71.

IBM (2010): The Four V‘s of Big Data, http://www.
ibmbigdatahub.com/infographic/four-vs-big- 
data. (Accessed 16.11.2016).

IFH Institut für Handelsforschung GmbH (2014): Same 
Day Delivery, http://www.ifhkoeln.de/pressemit-
teilungen/details/same-day-delivery-haendler- 
erhoffen-sich-vor-allem-zusatzumsaetze-und-wett-
bewerbsvorteile/. (Accessed 16.11.2016).

Jörgel, Thilo (2016): 3D-Druck: Deutsche Firmen 
haben die Nase vorn. Kein anderes Land  
erzielt so hohe Umsätze mit additiver Ferti-
gung wie Deutschland, in: LOGISTIK HEUTE, 
http://www.logistik-heute.de/node/15195.  
(Accessed 16.11.2016).

Keeney, Tasha (2015): Amazon Drones Could  
Deliver a Package in Under Thirty Minutes for 
One Dollar, in: ARK-INVEST, https://ark-in-
vest.com/research/amazon-drone-delivery. 
(Accessed 16.11.2016).

KEP Nachrichten (2016): Paketzustellung per  
Roboter, in: KEP Nachrichten 32/2016.

Kim, Eugene (2016): Amazon is doubling down 
on retail stores with plans to have up to 100 
pop-up stores in US shopping malls, in: Busi-
ness Insider, http://www.businessinsider.de/
amazon-big-expansion-retail-pop-up-stores-
2016-9?r=US&IR=T. (Accessed 16.11.2016).

Kolf, Florian/ Palm, Regine (2016): Der heiße 
Kampf um die Tankstellen, in: Handelsblatt, 
http://www.handelsblatt.com/unternehmen/
handel-konsumgueter/aral-rewe-der-heisse-
kampf-um-die-tankstellen/13044140.html. 
(Accessed 16.11.2016).

Kraftfahrt-Bundesamt (KBA) (2016):  Fahrzeug- 
zulassungen (FZ). Bestand an Kraftfahrzeugen 
nach Umwelt-Merkmalen 1. Januar 2016,  
FZ 13, Flensburg. 

Krämer, Andreas (2016): Marktforscher erwarten Ver-
doppelung der weltweiten Umsätze mit 3D-Druck 
bis 2020, in: 3D-grenzenlos.de, https://www.3d-
grenzenlos.de/magazin/marktforschung/verdop-
plung-3d-druck-umsatz-bis-2020-27185463.html. 
(Accessed 16.11.2016).

Küter, Janina/ Holdik, Hans/ Pöppel-Decker, 
Martin/ Ulitzsch, Michael (2011):  Alterna-
tive Antriebstechnologien. Marktdurchdrin-
gung und Konsequenzen, Bundesanstalt für 
Straßenwesen (BASt) (ed.), Berichtsjahr 2011 
- Abschlussbericht, Bergisch Gladbach.

Lammle, Rob (2015): 11 Facts About 7-Eleven on 
7/11, in: Mental Floss, http://mentalfloss.com/
article/51629/11-facts-about-7-eleven-711. 
(Accessed 16.11.2016).

Lasarzik, Ina (2011): „REWE to go“ Convenience 
Konzept in Köln, in: essen & trinken, http://
www.essen-und-trinken.de/news/rewe-to-go-
convenience-konzept-in-koeln-1015003.html. 
(Accessed 16.11.2016).

Lipinski, Gregory (2005): Edeka eröffnet neue 
Läden an Jet-Tankstellen, in: Handelsblatt, 
http://www.handelsblatt.com/unternehmen/
handel-konsumgueter/konzept-fuer-groessere-
spar-express-filialen-edeka-eroeffnet-neue-
laeden-an-jet-tankstellen/2567422.html.  
(Accessed 16.11.2016).

Lüth, Anja (2016): DDV Mediengruppe setzt auf  
E-Mobilität, in: DNV - DER NEUE VERTRIEB, 
http://www.dnv-online.net/services/detail.php
?rubric=Logistik+%26+Technik&nr=112705. 
(Accessed 16.11.2016).

MAINVERSAND (2016): Unter Strom: Mainver-
sand setzt auf E-Mobilität, https://www.main-
versand.de/unternehmen/aktuelles/details/un-
ter-strom-mainversand-setzt-auf-e-mobilitat.
html. (Accessed 16.11.2016).



64 65

Manager magazin (2011): „Rewe to go“ macht  
McDonald‘s Konkurrenz, in: manager magazin, 
http://www.manager-magazin.de/unternehmen/
handel/a-757980.html. (Accessed 16.11.2016).

Manager magazin (2016): Zetsche polt um – 
Mercedes mit Elektroauto-Offensive, in: 
manager magazin, http://www.manager-
magazin.de/unternehmen/artikel/daimler-
mercedes-setzt-auf-elektroautos-a-1099055.
html. (Accessed 16.11.2016).

Mandac, Lovro (2015): Bedeutung des Einzel-
handels für die lebendige Stadt, Vortrag im 
Rahmen der Dialogplattform Einzelhandel, 
1. Workshop der Workshop-Reihe „Perspek-
tive für eine lebendige Stadt“, www.bmwi.de/
BMWi/Redaktion/PDF/W/workshop-digital-
isierung-vortrag-bedeutung-des-einzelhand-
els-fuer-die-lebendige-stadt,property=pdf, 
bereich=bmwi2012,sprache=de,rwb=true.
pdf. (Accessed 16.11.2016).

Marongiu, Andrea (2012): Deutschland Logistik-
land? Auswirkungen des Fachkräftemangels 
auf die Logistikbranche, Vortrag des Ver-
bands Spedition und Logistik Baden- 
Württemberg e.V., Malsch.

Mattauch, Christine (2016): Nahversorgung:  
Supermarkt mit Wohnung, in: Handelsjournal, 
http://handelsjournal.de/2016/07/06/markt/
dwolf/nahversorgung-supermarkt-mit-woh-
nung/. (Accessed 16.11.2016).

Mayr, Stefan (2016): Augsburg führt Boden-Am-
peln für Handynutzer ein, in: Süddeutsche 
Zeitung, http://www.sueddeutsche.de/bayern/
verkehrssicherheit-augsburg-fuehrt-boden-
ampeln-fuer-handynutzer-ein-1.2958002. 
(Accessed 15.11.2016).

Meixner, Stephan (2016): Notebooksbilliger.de: 
Neuer Anlauf mit Same-Day-Delivery, in: 
neuhandeln.de, http://neuhandeln.de/note-
bookbilliger-de-neuer-anlauf-mit-same-day-
delivery/. (Accessed 15.11.2016).

Mims, Christopher (2013): It’s not just Amazon: 
UPS and Fedex are working on their own 
drone delivery systems, in: Quartz, http://
qz.com/153443/its-not-just-amazon-ups-and-
fedex-are-working-on-their-own-drone-deliv-
ery-systems/. (Accessed 16.11.2016).

Molih, Martina (2013): Mehr Platz für Innova-
tionen, meinbezirk.at, http://www.meinbezirk.
at/flachgau/wirtschaft/mehr-platz-fuer-innova-
tionen-d669068.html. (Accessed 16.11.2016).

Mom, Gijs (2004): The electric vehicle. Technology 
and Expectations in the Automobile Age,  
Baltimore.

National Highway Traffic Safety Administration 
(NHTSA) (2011): Incidence Rates of Pedes-
trian and Bicyclist Crashes by Hybrid Elec-
tric Passenger Vehicles: An Update, Oktober 
2011, Washintgton, DC.

Naumann, Jan Peter/ Klotz, Heinrich/ Reimann, 
Sebastian/ Kümmerlen, Robert/ Kloss,  
Kerstin/ Maruhn, Erwin/ Heinrici, Timon/  
Bollig, Sebastian (2016): 2016 wird digitalen 
Wandel antreiben, in: Deutsche Verkehrs- 
zeitung, http://www.dvz.de/rubriken/aus-den-
unternehmen/single-view/nachricht/2016-
wird-digitalen-wandel-antreiben.html.  
(Accessed 16.11.2016).

Neitzke, H.-Peter/ Kleinhückelkotten, Silke (2010): 
Lebensstile der Zukunft, Vortrag im Rahmen 
der Landschaften in Deutschland 2030 – Der 
stille Wandel, Vilm.

Nicolai, Birger (2016): Tankstellen-Supermärkte – 
billig und fast immer offen, in: WeltN24,  
https://www.welt.de/wirtschaft/article152848296/
Tankstellen-Supermaerkte-billig-und-fast- 
immer-offen.html. (Accessed 16.11.2016).

Nidumolu, Ram/ Prahalad, C.K./ Rangaswami, 
M.R. (2009): Why Sustainability Is Now  
the Key Driver of Innovation, in: Harvard  
Business Review, September 2009, S. 57-64.

Normandeau, Kevin (2013): Beyond Volume,  
Variety and Velocity is the Issue of Big Data 
Veracity, in: insideBIGDATA, http://insidebig-
data.com/2013/09/12/beyond-volume-variety-
velocity-issue-big-data-veracity/.  
(Accessed 16.11.2016).

Notebooksbilliger (2012): Versandkosten für  
unsere Kunden aus Deutschland, http://web.
archive.org/web/20120413090617/http:/www.
notebooksbilliger.de/infocenter/section/ 
shipping. (Accessed 16.11.2016).

Notebooksbilliger (2013): Versandkosten für  
unsere Kunden aus Deutschland, http://web.
archive.org/web/20130516022927/http:/www.
notebooksbilliger.de/infocenter/section/ 
shipping. (Accessed 16.11.2016).

n-tv (2014): Mit „Drive in“ und „to go“. Rewe 
wächst im In- und Ausland, in: n-tv.de, http://
www.n-tv.de/wirtschaft/Rewe-waechst-im-In-
und-Ausland-article12546266.html.  
(Accessed 16.11.2016).

Oehler, Jürgen (2014): Vergleich / Kaufberatung: 
Dji Phantom / Phantom FC40 / Phantom 2 / 
Phantom 2 VISION+ / Phantom 3 / Inspire, 
http://www.drohnen.de/1156/vergleich-kauf-
beratung-dji-phantom-phantom-fc40-phan-
tom-2-phantom-2-vision/.  
(Accessed 16.11.2016).

Pas, Herman te (2016): AH to go (D) werkt samen 
met Shell, in: Distrifood, http://www.distrifood.
nl/buitenland/nieuws/2016/8/ah-to-go-d-werkt-
samen-met-shell-101100608.  
(Accessed 16.11.2016).

Pater, Heinz-Georg/ Schoneboom, Jens (2014): 
Schlussbericht des Verbundvorhabens 
„eBase4Mobility“ Leitthema Urbane  
Versorgung, Dortmund. 

Popper, Ben (2013): UPS researching delivery 
drones that could compete with Amazon‘s 
Prime Air, in: The Verge, http://www.theverge.
com/2013/12/3/5169878/ups-is-researching-
its-own-delivery-drones-to-compete-with- 
amazons. (Accessed 16.11.2016).

Raiber, Steffen/ Spindler, Helge/ Feldwieser,  
Martin (2015): Elektrischer Schwerlastverkehr 
im urbanen Raum. Potenzialanalyse am  
Fallbeispiel des Wirtschaftsraums Mannheim, 
Fraunhofer-Institut für Arbeitswirtschaft und 
Organisation (IAO) (ed.), Stuttgart.

Reiche, Lutz (2016): Mercedes und VW schalten 
um auf Elektrowende, in manager magazin, 
http://www.manager-magazin.de/ 
unternehmen/autoindustrie/pariser-autosalon-
a-1114530.html. (Accessed 15.11.2016).

Reimann, Erich (2015): David gegen Goliath: Wie 
der lokale Handel gegen Amazon kämpft, in: 
heise online, http://www.heise.de/newsticker/
meldung/David-gegen-Goliath-Wie-der-loka-
le-Handel-gegen-Amazon-kaempft-2552842.
html. (Accessed 16.11.2016).

Reisch, Lucia/ Eberle, Ulrike/ Lorek, Sylvia (2013): 
Sustainable food consumption: an overview of 
contemporary issues and policies, in: SSPP 
Journal, 9. Jg., Nr. 2, S. 7-25.

Retailnews (2016): AH to go in Duitsland naar 
Shell-stations, in: Retailnews.nl, http://www. 
retailnews.nl/nieuws/oHUxtl1zQieNHoRui4zR-
gA-0/ah-to-go-in-duitsland-naar-shell-stations.
html. (Accessed 16.11.2016).

REWE (2014): Intelligente Logistik: Wirksamer  
Hebel, in: REWE Group-Nachhaltigkeitsbericht 
2013/ 2014, http://www.rewe-group-nachhaltig-
keitsbericht.de/2014/umwelt/intelligente- 
logistik/index.html. (zuletz 16.11.2016).

REWE (2016a): REWE TO GO, https://togo.rewe.
de/. (Accessed 16.11.2016).

REWE (2016b): REWE TO GO: Fertig ist das neue 
Frisch!, https://www.rewe.de/marken/eigen-
marken/rewe-to-go/. (Accessed 16.11.2016).

Rheinbahn (2016): Leichtbau-Bus Citea, http://
www.rheinbahn.de/unternehmen/fuhrpark/
busse/Seiten/7611-bis-7670.aspx. (Accessed 
16.11.2016).  

Rogelj,  Joeri/ Luderer, Gunnar/ Pietzcker, Robert 
C./ Kriegler, Elmar/ Schaeffer, Michiel/ Krey, 
Volker/ Riahi,Keywan (2015): Energy sys-
tem transformations for limiting end-of-centu-
ry warming to below 1.5 °C, in: Nature Climate 
Change 5, S. 519-527, http://www.nature.com/
nclimate/journal/v5/n6/full/nclimate2572.html. 
(Accessed 15.11.2016).

Rosenbush, Steven/ Stevens, Laura (2015): At 
UPS, the Algorithm Is the Driver, in: The Wall 
Street Journal, http://www.wsj.com/articles/ 
at-ups-the-algorithm-is-the-driver-1424136536. 
(Accessed 15.11.2016).

Schader, Peer (2012): Auf Wiedersehen, Grüne 
Wiese: Der Trend geht zum „City“-Markt, in: 
Frankfurter Allgemeine Zeitung, http://blogs.
faz.net/supermarkt/2012/02/16/auf-wieder- 
sehen-gruene-wiese-der-trend-geht-zum-city-
markt-231/. (Accessed 16.11.2016).

Schader, Peer (2014): Die Rückkehr der Tanne: 
Mini-Comeback für Spar, in Supermarktblog, 
http://www.supermarktblog.com/2014/09/22/
die-rueckkehr-der-tanne-mini-comeback-fuer-
spar/. (Accessed 16.11.2016).

Schader, Peer (2016): Nach der Metro-Übernahme: 
Emmas Enkel kündigt seinen Kunden die 
Nachbarschaft, in: Supermarktblog, http://www.
supermarktblog.com/2016/07/04/nach-der-
metro-uebernahme-emmas-enkel-kuendigt-
seinen-kunden-die-nachbarschaft/.  
(Accessed 16.11.2016).

Schipper, Lee/ Marie-Lulliu, Celine/ Gorham, Roger 
(2000): Flexing the link between Transport and 
Greenhouse Gas Emissions. A Path for the 
World Bank, June 2000, Paris.

Schneider, Mark C. (2013): „So ein Einkaufs- 
erlebnis kann das Internet nicht bieten“, in: 
Handelsblatt, http://www.handelsblatt.com/
unternehmen/dienstleister/shopping-center-
betreiber-otto-so-ein-einkaufserlebnis-kann-
das-internet-nicht-bieten/7814614.html.  
(Accessed 16.11.2016).

Schoenheit, Ingo (2004): Was Verbraucher  
wissen wollen. Ergebnisse und Thesen zu 
einer empirischen Studie, Vortrag im  
Rahmen einer vzbv-Tagung, Berlin.

Schönherr, Maximilian (2015): Mehr Sicherheit 
durch künstlichen Sound, in Deutschland-
funk, http://www.deutschlandfunk.de/elektro-
autos-mehr-sicherheit-durch-kuenstlichen-
sound.676.de.html?dram:article_id=315522. 
(Accessed 15.11.2016).

Severing, Wolfgang (2016): Digitalisierung in der 
Logistikwirtschaft – Wo steht das Transport-
gewerbe. Vortrag im Rahmen des  
Zukunftskongress Logistik, 34. Dortmunder 
Gespräche, 13. und 14. September 2016, 
Dortmund.

Soller, Gregor (2016): Viel mehr als Zahnräder, 
in VerkehrsRUNDSCHAU, 70. Jg., Nr. 28, 
2016, S. 36-37.

Spangenberg, Joachim H./ Lorek, Sylvia (2001): 
Sozio-ökonomische Aspekte nachhaltigkeit-
sorientierten Konsumwandels, in: Aus Politik 
und Zeitgeschichte B 24/2001, S. 23-29.

Statista (2010): Entwicklung der Anzahl von 
Pflegebedürftigen in Deutschland nach  
Geschlecht in den Jahren von 2005 bis 2030 
(in Millionen), https://de.statista.com/statistik/
daten/studie/157217/umfrage/prognose-zur-
anzahl-der-pflegebeduerftigen-in-deutschland-
bis-2030/. (Accessed 15.11.2016).

Statista (2016): Anzahl der Pflegebedürftigen und 
über 80-Jährigen in Deutschland in den Jah-
ren von 2013 bis 2050 (in Millionen), https://
de.statista.com/statistik/daten/studie/168254/
umfrage/pflegebeduerftige-in-deutschland-
seit-2007/. (Accessed 15.11.2016).

Statistisches Bundesamt (destatis) (2011a):  
Bevölkerung und Erwerbstätigkeit bis 2030. 
Entwicklung der Privathaushalte bis 2030 
– Ergebnisse der Haushaltsvorausberech-
nung. Wiesbaden.

Statistisches Bundesamt (destatis) (2011b): Nach 
2025 wird Zahl der Privathaushalte leicht  
abnehmen, https://www.destatis.de/DE/Zahl-
enFakten/GesellschaftStaat/Bevoelkerung/
AktuellPrivathaushalte.html. (Accessed 
15.11.2016). 

Statistisches Bundesamt (destatis) (2015): Allein-
stehende (darunter Alleinlebende) nach Alter, 
Geschlecht und Gebietsstand im Jahr 2015, 
https://www.destatis.de/DE/ZahlenFakten/
GesellschaftStaat/Bevoelkerung/Haushalte-
Familien/Tabellen/4_1_Alleinstehende.html. 
(Accessed 15.11.2016).

Statistisches Bundesamt (destatis) (2016):  
Unfallbilanz 2015: Mehr Unfälle und mehr 
Verkehrstote, https://www.destatis.de 
/DE/PresseService/Presse/Presse- 
mitteilungen/2016/07/PD16_242_46241.html.  
(Accessed 15.11.2016).

Steinheuer, Christina (2015): Rewe To Go Bonn, 
in:  lebensmittelpraxis.de, http://lebensmittel- 
praxis.de/neue-laeden/12236-rewe-to-go-in-
bonn-frauen-versteher.html.  
(Accessed 16.11.2016).

Stuttgarter Nachrichten (2015):  Feinstaub in 
Stuttgart Umwelthilfe klagt wegen schlechter 
Luft, in Stuttgarter Nachrichten, http://www.
stuttgarter-nachrichten.de/inhalt.feinstaub-in-
stuttgart-umwelthilfe-klagt-wegen-schlechter-
luft.169eb8fe-4879-452b-8245-e484379e-
ddf6.html. (Accessed 15.11.2016).

Stütz, Sebastian/ Bernsmann, Arnd/ Baltzer, Tim/ 
Hentschel, Nina/ Pommerenke, Kurt/  
Rogmann, Benedikt/ Wunderlin, Patrick (2016): 
ELMO – Elektromobile Urbane Wirtschafts-
verkehre, Projektabschlussbericht, Dortmund.

Stütz, Sebastian/ Siedlarek, Laura/ Auffermann, 
Christiane (2016): Potenziale einer innova-
tiven Stadt-Logistik in Bottrop – Ergebnisse 
eines Forschungsprojekts Innovationcity  
Logistik Bottrop.

Sucky, Eric/ Haas, Sabine (2014): Einkauf 
„grüner“ Logistikleistungen - eine empirische 
Studie, in: Mobility in a Globalized World 
2013, Sucky, Eric/ Werner, Jan/ Kolke,  
Reinhard/ Biethahn, Niels (ed.), Logistik  
und Supply Chain Management Band 11, 
Bamberg.

TEDi (2016): TEDi setzt Elektro-Lkw ein, https://
www.tedi.com/nachhaltigkeit/umwelt/elektro-
lkw/. (Accessed 16.11.2016).

Thomas, Oliver/ Kammler, Friedemann/  
Zobel, Benedikt/ Sossna, David/ Zarvic, 
Novica/ (2016): Supply Chain 4.0: Revolu-
tion in der Logistik durch 3D-Druck, in: IM+io 
Fachzeitschrift für Innovation, Organisation  
und Management, Heft 1, März 2016, S. 58-63.

Toenges-Schuller, Nicola/ Schneider, Christiane 
(2016): Modelling the effect on air quality of 
Euro 6 emission factor scenarios, in: Journal 
of Earth Sciences and Geotechnical  
Engineering 6.4, S. 227-244.

TomTom (2016): About the Traffic Index, http://
www.tomtom.com/de_de/trafficindex/.  
(Accessed 16.11.2016)

Transport for London (TfL) (2016): Low Emission 
Zone, https://tfl.gov.uk/maps/low-emission-
zone. (Accessed 16.11.2016).

Umweltbundesamt (UBA) (2013): Grüne Produkte 
in Deutschland. Status Quo und Trends, 
Dessau-Roßlau.

UPS (2016a):  UPS To Launch On-Demand 3D 
Printing Manufacturing Network. 18.05.2016, 
Atlanta, https://pressroom.ups.com/press-
room/ContentDetailsViewer.page?ConceptTy
pe=PressReleases&id=1463510444185-310. 
(Accessed 15.11.2016).

UPS (2016b): 2015 Corporate Sustainability  
Report, Juli 2016, Atlanta.

Verband der Automobilindustrie (VDA) (2015a): 
Automatisierung. Von Fahrerassistenzsyste-
men zum automatisierten Fahren, September 
2015, Berlin.

Verband der Automobilindustrie (VDA) (2015b): 
Stufen des automatisierten Fahrens, https://
www.vda.de/.imaging/stk/vda/lightboxImage/
dam/vda/Medien/DE/Themen/Innovation-und-
Technik/Automatisiertes-Fahren/stufen-des-
automatisierten-fahrens/jcr:content/Automa-
tisiertes%20Fahren.2015-12-10-16-37-01.jpg. 
(Accessed 16.11.2016).

Voth, Jana (2015): An Evaluation of Sustainable 
Consumption in the German Meat Market, 
NIL Research Paper 1/2015, Köln, Bonn. 

Walker, Alissa (2014): Silent But Deadly: The EU 
Wants Electric Cars to Add Sounds for Safety, 
in: Gizmodo Media, http://gizmodo.com/silent-
but-deadly-the-eu-wants-electric-cars-to-add-
so-1560215281. (Accessed 15.11.2016).

Walter, Marcus (2016): Fachkräftemangel, ade?, 
in: VerkehrsRUNDSCHAU, 70. Jg., Nr. 32-33, 
2016, S. 32-34.

Wandhöfer, Sascha (2015): Gut für Kunden, mies 
für Paketboten?, in: Rheinische Post, http://
www.rp-online.de/digitales/internet/amazons-
same-day-lieferung-gewerkschaften-fuerchten-
mehr-belastung-aid-1.5554053.  
(Accessed 15.11.2016).

Wang, Dan (2016): The Economics of Drone  
Delivery, in: FlexportBlog, https://www.flex-
port.com/blog/drone-delivery-economics/.  
(Accessed 16.11.2016).

Wenzel, Frank-Thomas (2016): Verfahren der  
EU-Kommission Deutschland ist Europa-
meister bei der Luftverschmutzung, in:  
Kölner Stadt-Anzeiger, http://www.ksta.de/
wirtschaft/verfahren-der-eu-kommission-
deutschland-ist-europameister-bei-der-luft-
verschmutzung-24098944-seite2.  
(Accessed 15.11.2016).

Winner, Hermann/ Hakuli, Stephan/ Lotz, Felix/ 
Singer, Christina (2015): Handbuch Fahrer- 
assistenzsysteme. Grundlagen, Komponenten 
und Systeme für aktive Sicherheit und  
Komfort, 3. Aufl., Wiesbaden.

Wolff, Ingo/ Schulze, Siegfried (2013): Industrie 4.0 
Cyber Physical Systems in der Produktion. 
Nordrhein-Westfalen auf dem Weg zum  
digitalen Industrieland, in: IKT.NRW Schriften- 
reihe, Clustermanagement IKT.NRW (ed.), 
Wuppertal.  

Zweck, A./ Holtmannspötter, D./ Braun, M./ Hirt, 
M./ Kimpeler, S./ Warnke, P. (2015): Gesell- 
schaftliche Veränderungen 2030, Ergebnis-
band 1 zur Suchphase von BMBF – Foresight 
Zyklus II, VDI Technologiezentrum: Zukünftige 
Technologien Nr. 100, Düsseldorf.



66 67

Publication Details

Editor
ZF Friedrichshafen AG
Löwentaler Straße 20
D-88046 Friedrichshafen

Media Partners
EuroTransportMedia  
Verlags- und Veranstaltungs-GmbH
Handwerkstraße 15
D-70565 Stuttgart

Author
Fraunhofer-Institut
für Materialfluss und Logistik IML
Joseph-von-Fraunhofer-Str. 2 – 4
D-44227 Dortmund

Prof. Dr. Uwe Clausen
Dr. Sebastian Stütz
Arnd Bernsmann
Hilmar Heinrichmeyer

First Publication Date 
November 28, 2016

Online Study

This study is also available for down-
load from our website. There you can 
also access the previous edition and a 
blog with interesting information as well 
as films and photos on this subject. 

www.zf-zukunftsstudie.de


