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Management Summary

Management Summary
This study takes a look at the medium and long-term future of logistics and supply chain.
It is about the central question of how companies should position themselves in the
future in order to remain competitive:
-

Will positioning based on product quality, price, short delivery time and high delivery
reliability be sufficient in the future?
Which innovative and digital services along the supply chain offer competitive
advantages in addition to the physical products?
How important will the use of technologies such as artificial intelligence or blockchain
be?
How can flexibility and resilience in the supply chain be sustainably organized?

The study examines and discusses the above as well as other factors and tries to provide
participants and decision-makers in logistics with classification and orientation for the
future.
For the research and surveys, the team defined four segments or perspectives from the
breadth of the relevant topics, according to which the results are structured:
-

Technology (from IoT to autonomous driving),
Value Add (from on-the-go production to product monitoring),
Control Tower (from central planning and control unit to asset sharing along the
supply chain) and
Green Logistics (from emission avoidance to return logistics).

On one hand, results in the Technology topic segment identify standards (e.g. the ISO
container, the Euro pallet or the use of paper in freight documents) which are still of
great importance. On the other hand, there are relevant trends for the future in the areas
of prediction and artificial intelligence, automation (e.g. through autonomous one-shot
loading), autonomy in the area of vans and trucks, and the enabling of platform-based
business models. New forms of transport, such as drones and delivery robots, will
revolutionize both in-house traffic and the delivery of goods.
In the area of Value Add the study results show four major future trends:
1. Modern sensors enable self-controlling products in the supply chain. They influence
delivery priority as well as further processing, and open up optimization potentials this is particularly true in the retail sector.
2. An (so far incomplete) analysis of logistics data in real time (e.g. through IoT and 5G)
will significantly improve order processing and logistics processes.
3. With servitization, digital services are becoming increasingly important for both
customers and the supply chain as supplements to classic physical products.
4. The parallelization of production, final assembly and / or picking during transport
holds potential, but will not be a focus in the future.
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The term Control Tower represents the future vision of supply chain control and
coordination with platforms for logistics data and corresponding data trading. These
platforms allow multiple integrated applications, in the area of CO 2 calculation, asset
sharing / uberization for example, improvement of return logistics or effective data
trading along the entire supply chain.

Management Summary

The context of Green Logistics looks at the sustainability of the supply chain: trends are
electromobility and the preference for environmentally friendly transport, the significant
increase in reusable packaging, as well as its monitoring and reverse logistics using IoT,
and the orientation towards ecological footprints including product return.
Based on the study results, central directions and drivers of action emerge for the future
supply chain: the establishment of networks and the use of logistics alliances are
becoming increasingly important in light of political and natural influences. The future
possibilities for making IT architectures more flexible enable platforms to increase data
exchange and achieve greater consistency in planning. Data is the basis for service
innovations to increase sustainability of products and processes in logistics.
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1
Introduction

Introduction

Logistics and supply chain management have already undergone significant changes in
the past decades: classic transport, handling and storage with a strictly functional
orientation have resulted in a global, network-oriented task area. Supply chain
management and logistics make a decisive contribution to the company's success today
and are now even deeply anchored in secondary processes, such as financing or product
insurance [1,2]. The future challenges for manufacturing companies as well as for the
logistics industry lie primarily in the individual customer requirements, short delivery times
and increasing cost pressure. Based on these challenges, the effects of accelerating
globalization as well as the required environmental protection measures, companies
today have to master increasingly complex supply chains while also adapting to the
rapidly changing circumstances [3,1,2].
Section 1.1describes the initial situation and objectives of the study. Building on this, the
study design and the subjects of consideration are derived in section 1.2. Section 1.3
provides an overview of the study participants.

1.1

Initial situation and objectives

The digital transformation of companies describes "the change in value creation
processes through the further development of existing and the implementation of new
digital technologies, adjustments of company strategies based on new digitized business
models and the acquisition of the necessary skills and qualifications." [4] Logistics and
Supply Chain Management especially are increasingly affected by these changes.
However, the extent to which companies and the associated processes, products and
business models will change has been relatively unclear so far.
The aim of the study is to identify the trends and areas of activity most relevant for the
future of year 2040 based on social megatrends and digital transformation. This resulted
in the first recommendations for action for the manufacturing industry as well as for the
logistics industry.
Figure 1 summarizes the initial situation and objectives.
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Introduction

Figure 1: Problem and objective

1.2

Objects of consideration and methodical design

Objects of consideration in the study are all participants along the supply chain. On one
hand, the focus is on OEMs and Tier 1 / n suppliers since their central position within the
supply chain means that they are subject to substantial changes on both the end
customer and supplier sides. On the other hand, the changes in the logistics industry in
both the B2B and B2C areas are examined in more detail.
Figure 2 gives an overview of the subject and the methodical design.

Figure 2: Objects of consideration and methodical design

The course of study is divided into five steps:
1. The basics distinguish a classic supply chain from a smart supply chain. Framework
conditions and assumptions for 2040 from economic, political and social points of
view were examined in more detail.
2. An online survey of participants from the entire supply chain (OEMs, transporters,
dealers and suppliers from various industries, as well as technical experts): The aim of
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the survey was to identify current research topics, technology projects, as well as
future challenges and needs of the participants.
3. Expert interviews: Based on the online survey, expert interviews were carried out
in order to determine further insights into future investment needs, challenges and
customer requirements from OEMs, suppliers and logistics providers.
4. The evaluation took place in two stages:
a. The results of the expert interviews were individually examined for key messages.
b. The answers of both surveys were evaluated as quantitatively as possible across all
answers.
5. Recommendations for action: building on the evaluations, there were strategic
recommendations for the manufacturing industry as well as for the logistics industry.

1.3

Introduction

Respondents

As part of the study, a total of 10 expert interviews were carried out with managers
from the top management and subject matter experts from leading companies and
research institutes worldwide. The interviewees cover a large area of the supply chain as
well as various industries and economic regions.
The online survey was carried out as an electronic blind dispatch (response rate 12%).
The survey was provided in both German and English. A total of 163 questionnaires were
evaluated for the study, which have a broad distribution across all participants in the
supply chain with a clear focus on the OEMs, cf. Figure 3.

Figure 3: Study participants (allocation of positions in the supply chain)

, the
picture is homogeneous: according to this, 11% of the survey respondents are from the
executive board, 31% are "department heads" (above all middle management) and
another 29% are "project / division managers" (lower management). 20% of the
respondents
their company. 4% of the respondents
provided feedbacks from the perspective of "skilled workers".
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Introduction

Figure 4: Study participants (division of position in the company)

The respondents view the topic from varying perspectives. Collectively, they adequately
cover the relevant participants in the supply chain and the relevant roles in their
companies. A good quarter of the respondents have been working in the areas they
mentioned for at least 5 years, and exactly half have been employed in their specialist
area for more than 10 years. Therefore, the results of the survey serve as a valid basis for
the current status.
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2
Changes in supply chain management

Changes in supply chain
management

Logistics show several distinct development phases. In the beginning, it was limited to
the optimization of time and space of transport processes. The first technologies and
approaches for both standardized transport and company-wide coordination of material
flow, storage and transport systems were developed [5,6,1].
In the following years, this developed into what is today's understanding of logistics as
a holistic management theory. Supply chain management looks at the cross-company
material flow, from the raw resources to the finished products, and optimizes all
transport processes along the value chain. In order to meet the increasing demands of
consumers, automated conveyor and storage systems were developed and information
systems between individual participants were implemented. The results were highly
efficient, hierarchically organized value chains that provide goods worldwide on a needsbasis and in a timely manner. Therefore, the central goal of the SCM is the cost-efficient
planning of the holistic manufacturing process rather than simple individual steps [3,6].
The fourth industrial revolution also marks the next development phase for logistics [3,7]:
value chains, which have been rather rigid up to now, are developing into ever more
flexible, comple andintelligent networks in which goods and information are exchanged
not only between individuals but between all participants, see. Figure 5.

Figure 5: Development of dynamic value creation networks (cf. [4])

The emerging dynamic and versatile logistics is able to meet the challenges of a volatile
corporate environment (internally and externally) and to further optimize itself (e.g. with
the help of big data analysis, artificial intelligence). Comprehensive availability of
information allows suppliers, production partners, customers and the company to grow
closer together and develops agile value creation networks. Production, logisticians,
dealers and buyers all communicate with each other in real time and enables to providing
the right product flexibly, with minimal costs and resources. [3,6,1,8,7] Finally, this
should also strengthen resilience - that is, resistance to change.
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2.1

Framework conditions in 2040

Changes in supply chain
management

The knowledge of a changing world is neither new nor surprising. However, as the rate
of change increases, the importance of forecasting grows in proportion to the rising risk
of delayed responses. Megatrends, which bring about slow, far-reaching changes in
society as a whole and affect the framework conditions of economic activity, have a
special influence. New technologies and innovations also contribute to this, as do cultural
and political developments. Of the numerous megatrends, ten in particular appear to be
of significant importance for the supply chain in year 2040:
1. Individualization
Individualization and thus the desire for self-fulfillment is a trend that is starting to
unfold on a global scale, originating from the western countries. As a result of our
affluent society, extensive product ranges and variants are already being offered, and
the trend is rising. The series production of individual products changes our consumer
behavior and creates complex challenges for society and manufacturing companies.
The large and increasing number of product variants led to higher complexity of the
supply chains both on the supplier side and in the delivery of the products on the
consumer side. The previously typical delivery of finished end products "from stock"
is largely becoming less important.
2. Digitization / connectivity
Digitization and digital change are strongly influencing our daily lives. Increased
networking and new communication technologies are changing our society.
Smartphone have become our constant companion and created new lifestyles,
behavior patterns and opportunities for personal relationships. Companies should
also take this into account and focus their actions on the digital and networked world.
Boosts in performance and efficiency are only possible by comprehensively recording,
processing and evaluatingall production and logistics-related data. Product functions
are expanded with digital services and offered as bundles on the market.
3. Demographic changes
The world population is getting older on average, and a disproportionate number of
workers will retire in the coming years, particularly in the western industrialized
countries. As a result, companies across all industries are already looking for young
workers. New technologies and solutions are needed to compensate for the shortage
of workers and to support the workforce in their operational activities.
4. Urbanization
An increasing part of the population lives in cities and metropolitan areas. New forms
of networking and living together are emerging. Urbanization leads to a redesign of
the living space not only in the cities, but also in the rural regions. Regions that have
not been populated to date or have only been sparsely populated are also being
expanded as a habitat for people and as new grounds for production facilities.
5. Globalization
Resources, products and information are generated and exchanged worldwide. Such
interconnected networks of people, companies and products lead to highly complex
systems: they not only create new opportunities for international cooperation, but
also places growing demands on logistics; (global) crisis situations make these high
demands particularly clear. Parallel to states and regulators, who try to control global
processes at the national level, a Generation Global is emerging to further
strengthens the global exchange of data and goods.
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6. Sustainability and social responsibility
Climate changes and global ecological threats increase the importance of
sustainability. Both the stricter environmental regulations imposed by states and the
demand for environmentally friendly products and logistics processes by end
consumers are putting companies under increasing pressure. As part of a holistic
sustainability strategy, production technologies and logistics must become more
climate-friendly and lower in emissions. At the same time, end consumers are only
willing to pay higher prices to a limited extent. In addition, social inequalities and
tensions also require companies to assume their social responsibility.
7. Mobility
Mobility is ahead of the next evolutionary step. The growing need for flexible and fast
transport options creates a variety of mobility optoins. Connected, shared and
without CO2 emissions, the mobility of tomorrow will have to enable new forms of
transportation for people and goods through technical innovations.
8. Data security and property
Processes, machines and products become more and more connected and generate
large amounts of data. End users behave ambivalently here: on one hand, they
demand maximum protection for their data and information, while, on the other
hand, they voluntarily disclose very personal data in social networks. Data-driven
business models and the boost in efficiency incentivizes companies to systematically
collect data and evaluate them for specific groups. Data ownership and the rights for
data processing and interpretation must be clarified.
9. Servitization
Demand is changing, and at the same time digitalization is expanding the product
range and adding new functions: if a physical product was previously the focus of the
customer, the share of product-related services increases. New economic sectors and
business models are emerging. Traditional production companies must adapt to these
changes in order to retain their customers or to secure their market position. This socalled servitization represents a central challenge for manufacturing companies.
10. Knowledge culture and information society
The growing options to network and the possibility to access information at any time
drastically changes our way of dealing with information. Global knowledge is
growing exponentially and new forms of exchange and collaborative learning are
emerging. Knowledge becomes accessible to everyone and thus becomes common
property. This requires new approaches to deal with knowledge and, above all, to
find it with minimal effort.

2.2

Changes in supply chain
management

Main topics of the study

The described megatrends determine the four focus areas of the present study, which
the detailed analysis of the results and the final derivation of recommendations for action
are based on.
Technology (production and IT technology)
Due to the advancing digitalization and networking, current technologies have to be
adapted and further developed. The focus topic of Technology therefore looks at trends
and potentials of current and future technologies. The surveys identified promising
technologies and their effects on the supply chain. The study focuses not only on future
manufacturing processes, but also on software-based services, new modes of transport,
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vehicle concepts and on the guiding principle of "Uberization", which assumes that,
considered holistically, the division of resources (e.g. means of transport) is better for the
economy and environment than individual ownership.

Changes in supply chain
management

Value Add (market-expanding additional services)
Another focus of the study is the topic of Value Add The integration of sensors in
products and the massive use of IoT in means of transport and load carriers make it
possible to expand and improve the added value around the product itself or the logistics
processes. The focus of value add is particularly on services that go beyond the previous
range of services offered by companies. In addition, the value added on the transport
route is considered in granular detail, which enables parallelization of the production and
assembly processes with the transport process.
Control Tower (central collaboration center)
The topic of Control Tower focuses on the challenges and opportunities that arise from
the increasing generation, evaluation and usage of data and information. For further
increases in efficiency, one possibility for the future supply chain could be a central
planning instance (control tower). This centralization could regulate the flow and
exchange of relevant data in a comprehensive and, most importantly, neutral manner.
Taking into account the company's own interests, the Control Tower's goal would be to
enable an overall optimization of the supply chain by exchanging relevant information.
Green Logistics (ecological sustainability)
Sustainability is another important influencing factor of future supply chains. Stricter
environmental regulations and growing customer demands for environmentally friendly
production and logistics processes generate great requirements for adjustment. Both
forwards and backwards logistics strategies must be developed to ensure a greater
contribution to environmental protection.
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3
Results

Results

The study results are divided into two parts. The general section describes development
trends and challenges in supply chain management. The detailed section explains
changes in the supply chain in relation to the four categories of technology, value add,
control tower and green logistics.

3.1

General section

On one hand, the starting point of the study is the challenges of a future supply chain
as well as recognizable and expected development trends in the area of variant diversity.
On the other hand, any potential/projected future consumer behaviors must also be
considered.
Figure 6 shows the greatest challengessupply chains will face in the next 5 years. The
surveyed companies see growing competition from new players and the automation of
processes as the two greatest challenges.

Figure 6: Supply chain challenges

Companies are facing far-reaching changes: not just new concepts, such as digitized
production or the digitization of their own products for example, but also new players
(e.g. startups) that threaten established OEMs, their suppliers and the logistics industry
in the long term. In the automotive industry, new competitors come on the market in
the context of new concepts, such as autonomous driving, alternative drives or serviceoriented business models. Tesla or Google, for example, are strongly advancing change
[9].
Despite many leading providers with great appeal, small and medium-sized companies
in particular shy away from investing in new technologies that increase their level of
automation. Obstacles represent, among other things, a high introduction effort and
non-quantifiable benefits, cf. see [9,10]. At that time, only 6% of the companies
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surveyed mentioned specific digitization activities. A minority 18% of surveyed
companies were just at the beginning with the first concepts and measures, while the
majority 76% showed a wait-and-see attitude and took no action at first. [3,8]
The use of new technologies (e.g. additive manufacturing processes) and digitization are
often seen as tools for dealing with increasing complexity in the value creation networks,
as well as for the variety of products (e.g. mass personalization). The companies surveyed
assed the influence of the product variants as high. Ultimately, end product variants
change both the installed assemblies and components, and thus have direct influences
on the supply chain. Among the reasons for building product variants are increasingly
individual customer requests, differentiation in the market and the addressing of
different buyer groups [11]. Modern eCommerce on the Internet and online
configurators are also driving the need for individual variety. The number of product
variants, suppliers and the required delivery times windows are all essentially relevant for
planning and controlling the supply chain. Figure 7 shows the expected development of
variants diversity The survey participants expect an increase in the product variants
offered in the next 5-10 years.

Results

Figure 7: Development of the variety of variants

However, an increasing diversity of variants does not necessarily have to increase the
complexity along the supply chain. Modularization and product configuration, as well as
individualization through software and coupled services, are exemplary ways in which
the complexity can be managed. There are already tendencies for such functional
expansion or merging of several devices into one. A simple example from the consumer
area is the smartphone: today, it already connects, to a certain extent, telephone,
camera, computer and payment functions (e.g. Apple Pay) with each other. This
development would also be conceivable in the B2B business.

3.2

Detailed section

This section details the recognized and expected development trends in supply chain
management. The following sections describe the development trends in the areas:
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Technology (Paragraph 3.2.1), Value Add (Paragraph 3.2.2), Control Tower (Paragraph
3.2.3) and Green Logistics (Paragraph 3.2.4).
3.2.1

Results

Technology

Globalization is causing an increase in global transportation. On one hand, this is due to
the growing demand for consumer and individual goods (among other things, new
consumer markets are emerging, e.g. India and Africa). On the other hand, companies
try to secure their competitiveness and save costs through global procurement. 65% of
those surveyed see this as an essential reason for the growing complexity in supply
chains. However, 30% of those surveyed believe that additonal manufacturing processes
and greater individualization will reduce the number of goods and parts to be
transported in the coming years. Until such times, however, increasing transport volumes
can be expected. Modern technologies and a digital supply chain are necessary in
continuing to meet customer and efficiency requirements. In the future, many modern
technology concepts will be available for an intelligent and extensively digitized supply
chain. Figure 8 provides an overview of the expected improvement opportunities in
logistics performance through their use.

Figure 8: Opportunities to improve logistics

The respondents see five technologies as the largest enablers for improving logistics.
Among all respondents, 77% see the use of artificial intelligence as the greatest
opportunity to improve their logistics. Core technologies of artificial intelligence are
machine learning, deep learning and predictive analytics, among others. Machine
learning algorithms are able to quickly analyze large, diverse data sets, for example to
improve the accuracy of the demand forecast or to identify anomalies in manufacturing
accuracy. Reduced freight costs and superior delivery performance are also advantages
that machine learning offers in collaborative supply chain networks. In order to be able
to leverage artificial intelligence, large amounts of sufficiently high quality data are
required. Big data applications enable, among other things, a better exploitation of
synergies and an increase in the planning database at the same time. Avoidance of empty
runs and dynamic route optimization in real time can also be achieved (e.g. taking into
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account the current traffic situation, cost structures prevailing on the market or changed
delivery sequences). However, this is only possible by adding third-party data that enrich
and improve the planning database. Another step in the field of artificial intelligence is
self-learning algorithms: these learn from their positive and negative decisions and thus
increase their prediction and decision quality over time.
75% of the survey respondents also see a great opportunity to optimize the supply chain
when it comes to sensor technology on / in products. The identification and localization
of goods, as well as the recording of environmental influences, are possible areas of
application here: along the entire supply chain, companies can monitor the flow of goods
in real time while sensors recognize the extent of vibrations, moisture or temperature
fluctuations. Big data analyses then recognize patterns in the data change, identify
correlating developments with other devices / events and provide assistance in reacting
accordingly to faults / deviations.

Results

Autonomous driving, as well as the immediately available upstream and downstream
logistics processes (e.g. loading and unloading of vans or trucks, either supported by
exoskeletons or entirely autonomously by robots), will be of great importance. In all of
these cases, staff will be heavily supported in their daily work around a vehicle in
commercial traffic, or in some cases even completely replaced. These technologies hold
considerable potential for change in the supply chain. However, the majority of them are
still in the development phase and therefore have little relevance in current practices. The
design of the terms of use is the subject of numerous research projects.

Figure 9: Participation in autonomous driving

Figure 9 gives an overview of the current level of employment in the companies surveyed
with autonomous driving. 29% of the companies surveyed see themselves as
manufacturers of components related to autonomous driving. 44% of those questioned
are currently not concerned with the topic of autonomous driving. The reasons for this
include the current implementation status and the high development costs. The expected
share of autonomous vehicles in 20 years does not show a clear picture on the part of
the respondents, Figure 10. Only in the field of aeronautical engineering is there
agreement: here, more than half of the participants surveyed do not expect autonomous
aircrafts in 20 years. However, drones (which are nowadays not associated with the
aviation sector) are expected to revolutionize autonomous air transport. The greatest
proportion of autonomous vehicles is expected in the rail sector; the share for trucks and
vans is lower. The degree of penetration, however, is very different. Some participants
believe in a share > 90%, others estimate this to be 0%.
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Results

Figure 10: Share of autonomous vehicles in 20 years

Confidence is greatest among automakers. Elon Musk had already announced in 2016
that autonomous Tesla vehicles would drive across the U.S. by the end of 2017. To date,
this has not become a reality. In contrast, Mercedes-Benz successfully completed the first
steps in autonomous driving with its S-Class; it drove 100 km autonomously from
Mannheim to Pforzheim. Audi pilots in the USA and Volvo in Gothenburg. Despite initial
success, there is great uncertainty in the area of autonomous driving. One reason for this
is a lack of trust in security, the fear of wrong decisions made by the car or cyber attacks
on the
IT system. Contrarily, studies show that human errors such as fatigue, limited
driving ability or distraction could be significantly reduced with autonomous driving[12].
It is difficult to say when autonomous driving will become normalized on public roads.
However, if we look at the first evaluations of Apple's autonomous test drives, it becomes
clear that autonomous vehicles are far from being practical. Human intervention is still
strikingly often required. Between April 2017 and November 2018, around 76,500
- situations in which people had to intervene, for
example by taking control of the steering wheel.
Nevertheless, autonomous vehicles, especially trucks, offer great potential [12].
Automation of not only the truck journey, but also the upstream and downstream
logistics steps such as loading and unloading (e.g. using OneShot Loading technologies)
or battery replacement opens up significant efficiency gain opportunities. For instance,
OneShot Loading is the loading of a
Thesis:
truck or van with goods in one go by
Autonomously designed upstream and
using a pre-packed "interior".
downstream logistics processes increase
The use of other technologies such as
the efficiency of autonomous trucks.
Especially
autonomous
loading
via
platooning reinforces this. For example,
OneShot-Loading and the subsequent
several trucks can be digitally linked to
autonomous unloading at the destination
form a network, which increases safety
increase the autonomy.
and reduces energy consumption [13].
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Additive manufacturing processes bring about big changes: the 3D printer will only
slowly establish itself at home, but as a service, especially in the B2B area, the technology
already has great potential. 3D printers allow individual designs of products from home.
The finished product, previously designed and planned at home, is then produced in a
local print shop. High-performance, additive manufacturing systems can also avoid large
warehouses of spare parts or their air freight shipping. Almost every part can be reprinted
either by oneself or by a service provider. Even heavy components, such as critical spare
parts at Deutsche Bahn weighing almost 20 kg, can already be produced using 3D
printing [14]. The "fourth" dimension
will revolutionize 3D printing again:
Thesis:
In the future, 3D printing will generate
this 4D printing programs materials in
multiple sales opportunities and thus
such a way to transform under specific
significantly increase profits:
conditions(e.g. a material changing
- Platform for raw data of products
form after the addition of specific
- Market patents on raw data
gases.) Thus, load securing can be
- Transport filler material
significantly simplified and improved by
- Offer 3D / 4D printing services
adding gas to filling material that
- Rework printed products
optimally fills empty spaces between
- Transport printed products
the transport goods and the container.
Transports can become safer, faster or
even completely eliminated by 3D or 4D printing. With widespread use, large parts of
today's goods flows can be completely eliminated. In the future, only basic materials for
the additive manufacturing processes plus the corresponding design / printing data will
be transported instead of semi-finished and finished parts. At the same time, a new
printing industry will emerge, which will also include data trading and, above all, the
downstream processing of printed products.

Results

New technologies and changed environmental restrictions also influence the supply
chain throughput times, as seen in Figure 11. However, the respondents were divided
regarding the effects on throughput times: about 1/3 of the respondents expect longer
throughput times in the future and saw increasing environmental protection standards
and trade and environmental barriers as the main drivers.

Figure 11: Development of supply chain lead times

The integration of further suppliers into the complex supplier networks and the product
individualization also extend lead times. In contrast, 61% of respondents expect faster
flows of information and goods through worldwide digitization and automation. More
flexible transport processes also react better to disruptions and can deliver goods on
demand. Competitive pressure continues to be the main driver for shortening lead times.
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3.2.2

Value Add

Results

Technical innovations in communication and information processing, permanent
organizational change, and the internationalization and digitization of business models
as well as processes all lead to a new competitive landscape and suggest that logistics
will continue to play a key strategic role as a company-specific value creation factor in
the future [15]. Consequently, logistics will be less of a cost initiator but rather a
differentiator from the competition. The term "value add" is initially thought of as
refinement of products in the course of the value creation process. However, supply
chain management also makes value added services possible for logistics service
providers. This is not about increasing the value of the actual physical product, but rather
about offering the customer additional benefits or improving the cost-benefit ratio along
the supply chain. This increases customer satisfaction on one hand and customer loyalty
on the other. Many enhancements to logistics services are not new: nowadays, the value
creation options range from, for example, the configuration of kits for e-commerce to
the addition of coupons or brochures in packages. The reduction in suppliers through
the
takeover of upstream and downstream processes is also
known. The production or assembly during the transport process has been discussed for
many years, but has not yet become particularly popular. In contrast, product monitoring
with the help of sensors in and on products in the supply chain appears much more
plausible in 2040, cf. Figure 12. Real-time tracking of products and processes as well as
integrated condition monitoring (e.g. temperature, gases, vibrations) are other
conceivable areas of application.

Figure 12: Areas of application for Value Add

Sensor-supported product monitoring also offers potential for retailers in terms of realtime proximity (e.g. for monitoring ripening processes) and data volume (e.g. full-time
monitoring of the cooling chain). These ensure both product quality (and thereby
reducing waste) and documentation processes. The data obtained from product and
process monitoring can also be used for planning and control; interviewed experts
formulated the thesis of a best before date-controlled logistics: the products (e.g. food
or pharmaceuticals) independently determine their flow rate in the supply chain based
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on previously defined characteristics. Such a supply chain approach not only requires
product sensors but also changes processes and IT systems significantly. For food,
dynamic pricing depending on the product condition is also conceivable; IoT chips in / on
the product enable such ideas. An extension to other products with comparable shelf life
topics such as feed is obvious.

Results

Another aspect in the area of Value Add is the increase in security. This includesthreats
that can be influenced (e.g. supplier failures, failure to perform) and threats that cannot
be influenced (e.g. natural disasters, environmental influences) [16]. Thefts of goods
deliveries also threaten supply chains. In 2016 alone, goods worth EUR 1.3 billion were
stolen from trucks in Germany [17]. The use of IoT or GPS data offers the customer e.g.
real-time goods traceability down to package level across the entire supply chain , all the
while reducing the risk of theft. In addition, other insurance policies from the logistics
service provider are also conceivable to financially cover any disruptions, e.g. in the
process. Premiums could be determined dynamically based on the conditions, position
and route of goods.
The automatic picking of goods for deliveries is another possibility in the area of Value
Add. Conceivable use cases would be e.g. automatic palletizing, depalletizing and
container stacking and unstacking. Such measures would reduce lead times as well as
picking errors. In turn, logistics employees would be freed from difficult but sometimes
monotonous work and can therefore devote themselves to other higher-value tasks.
Unattended delivery of goods is also conceivable, e.g. using drones or delivery robots.
Logistics companies can dynamically offer unloading locations and thus enable a higher
delivery rate for the customer.
Research and practice regarding the parallelization of production, assembly and
transport processes (e.g. on trains or on container ships) have been around since the
1990s. The length of the transport route determines the potential for shortening delivery
times, and frees up internal production capacity for other purposes. However, the
respondents are rather skeptical about the practical implementation: on one hand, it is
unclear which security requirements would be required for this, and, on the other hand,
the necessary requirements for stability during the transport process are difficult to
achieve. Another challenge is the frequent imbalance in transport flows (so-called
mismatch). One possibility in the area of last mile traffic and thus in the classic round trip
transport area seems promising: here, robots could take over the final packaging and
insertionof flyers, invoice documents etc. in the parcel van.
3.2.3

Control Tower

The greatest challenge is the efficient control of the entire future flow of goods: the
throughput times in the supply chains must be further reduced, which can only be
achieved by consistently increasing efficiency and avoiding data breaks. To do this, the
focus must be on the entire supply chain and not just on individual processes or
participants; this is supported by data sharing as well as company and process
networking. The growing importance of data and its analysis strengthens digital services
(software, algorithms or data products). The trade in services and data often already
appears to be more lucrative than physical production and goods distribution, as is
shown by a comparison of the share prices of production companies and software
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manufacturers [18]. For example, the surveyed industry experts from the forwarding
industry hardly expect any profits from the mere transport of physical goods in the future.
The pure transport service, handled by autonomous vehicles and standardized unloading
processes, is therefore a necessary condition for the business. The inclusion of all relevant
transport parameters, their analysis and the transfer of data to third parties (sometimes
for a fee) is becoming a decisive competitive advantage [19]. Further challenges: the
networking of global trading and transport companies will continue to increase in the
future, which makes it difficult to define the necessary common standards for data
exchange. Companies develop into complex value creation networks that exchange
information not only between two, but between all instances. 72% of our respondents
also see increasing complexity and have given the following reasons for it, among others:
-

Results

Developing and emerging countries (e.g. Africa) as further supply chain participants
Increasing supply chain disruptions due to political and environmental influences
Higher resilience requirements due to globalized production and supply networks
Expansion of the customer and supplier network leads to a disproportionate increase
in participants
Shorter product life cycles increase the transport volume (if consumption also follows
the shorter life cycles); both in delivery and return logistics

Another factor is the growing complexity of how to efficiently manage the entire supply
chain, especially with a view towards increasing transport volumes while decreasing
throughput times. For example, communication and transport organization previously
used to run with the freight forwarder and possibly an agent. Nowadays, various
participants with various IT systems are involved in every transport process. This
significantly increases the effort and susceptibility to errors in data delivery and
synchronization.
The future challenges in the area of digital services and data sharing are diverse and
requires connecting numerous participants. The potential of a central planning and
control body is immense as it it reduces the number and variants of the interfaces
(compared to the direct connection) - that is, it limits the complexity of the data and
process world among different participants in the supply chain. This so-called Control
Tower is a central, independent
Statement: "I am of the firm opinion that
platform
with
self-optimizing
in the future there will no longer be a
algorithms for comprehensive control
statement like:
of information flows and exchange of
and it belongs to you Sharing, pay-per-x,
all data, cf. Figure 13.
dynamic financing & co. are the new types
of financing.
The concept arose from the basic
assumption of the study: "Sharing (e.g. of transport vehicles) is better than owning
them". While the participants in a conventional company network exchange information
directly, the final stage of the Control Tower is a topology in which all data flows with a
1: 1 connection between the Control Tower and the respective participants. This inspires
both theory and practice, since the well-known logistical vision of an overall optimum of
all participants within the supply chain network (i.e. the actual reason for SCM) through
secure and efficient data exchange is conceivable - at least theoretically - as a higher
goal.
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The surveyed experts from the transport and logistics industry agree on the technical
requirements for such a solution: the highest level of flexibility in the IT architecture is
required to integrate new partners and adapt processes quickly. A decentralized data
architecture e.g. using blockchain technology harbors this potential and would also have
the advantage of minimal risks with regard to data manipulation or theft (this is the only
way to achieve the necessary trust between the partners) [20]. The experts see further
potential in self-regulation and self-optimization (including through the use of deep
learning). The solution appears to make sense as "platform as a service" and therefore
so do the algorithms / functionalities of the solution as "service as a service". As
indicated, the Control Tower must be neutral, independent and transparent to those
involved in the transport chain in order to guarantee the required level of acceptance.

Results

Figure 13: Vision of the control tower

The increasing need for such a solution is shown by current trends in uberization (asset
sharing) in B2C and C2C applications. Added value is generated by the central data
acquisition and the subsequent linking of the information of the individual participants
[21]:
-

Airbnb, for example, combines data on available private accommodation with the
need for overnight accommodation.
Uber as a mobility service provider and Amazon as an open trading platform for large
and small providers are further examples.
With Uberfreight or Loadsmart, the first digital solutions for the freight sector come
onto the market as a spin-off from the B2C business.

The trends above illustrate the increasing importance of sharing information,resources
and thus of digital platforms [22].
Platform-based business models therefore also appear plausible for the logistics industry
and contribute, among other things, to uberization in the transport sector. Two aspects
are considered to be the main drivers: on one hand the avoidance of empty transports,
on the other hand the division of vehicles and load carriers available on the market, thus
maximizing the use of resources [19].
The second aspect is of particular importancefor the future. There are two stages of
expansion: first, the sharing of vehicles available on the market in their original design
type (e.g. trailers) and, based on this, the division and use of vehicles for multiple
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purposes. In the latter case, a van or truck is used during the day as a delivery vehicle for
parcels and at night, through an exchanged "interior", as a delivery vehicle for flowers.
Autonomous transport platforms will make this project much more flexible in the future,
cf. Section 3.2.1. 56% of those surveyed see future importance of brokerage platforms
with information about free capacities of trucks and vans, including immediate price
information. Uberization also indirectly helps the overall network of companies in the
very important aspect of logistics resilience. The aim is to make the network as resilient
as possible in difficult situations (e.g. natural disasters, epidemics or trade embargoes).
By sharing resources, you can react flexibly to supply and demand , therefore make your
own flow of goods more flexible.
The experts interviewed agree on the structures of companies / solution providers in the
logistics world: a strong market monopoly will occur at large companies and previously
strongly segmented markets (e.g. forwarding industries in the road goods traffic) will
focus on a few large providers; supplemented by small special providers.
Potential data sharing (e.g. planning
Thesis: Almost every product, every load
and forecasting data) is another factor
carrier and every packaging will in future
for a central Control Tower: this can
have sensors (for monitoring the position,
create great added value for the
moisture, vibrations, etc.). These sensors
will be microcomputers. Primarily monitor
general public in supply chain control.
the product, secondly produce tons of
85% of our study participants also see
data. Above all, it will be the follow-up
this benefit. However, the willingness
actions derived dynamically by means of
to share your own data is still
algorithms, AI, etc. based on this data or, in
significantly lower, at 73%, on
turn, further generated data that will have
average, as other studies have shown,
to be brought under control. Using even
see in detail Luckert et.al [9]. The main
more AI?
aspects of skepticism are, in particular,
the fear of data protection, unknowingness of the value of one's own data and the idea
of exchanging data step by step in order to subjectively maintain "fairness". In the future,
these difficulties will have to be overcome if data sharing is to generate benefits. For
example, the ability to plan your own production, transport requirements and storage
capacities can be significantly improved. The second advantage naturally follows: the
minimization of the bullwhip effect (it describes the ordering behavior of a supply chain
with insufficient coordination: if the customer changes their demand, the suppliers adjust
their order quantities disproportionately at the upstream instance in order to avoid
delivery bottlenecks or overproduction. The further you get from the end customers in
the supply chain through the dealer and wholesaler to the producer, the greater the
fluctuation). It is equally important to be able to react faster to unplanned events and to
significantly improve transparency (e.g. positions of goods, availability of capacities or
tamper-proof billing).

Results

Those involved in a control tower come from all areas of the supply chain: primarily
producers, suppliers and logistics / transport companies, secondarily authorities, banks
and insurance companies, but also control units such as one from a smart city. Today,
75% of companies believe that a future increase in efficiency within the supply chain
can only be achieved through close and partnership-based cooperation with suppliers
and customers [23]
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Results

Figure 14: Influence of country-specific regulations

The Control Tower could take on the following tasks to improve logistics performance
and thus increase efficiency for everyone involved:
-

-

-

-

Function as a central data storage (85% of the experts surveyed are certain that, in
the future, virtually every load carrier, packaging will be equipped with one or more
sensors).
Orchestration and support for worldwide supply chains of country-specific
regulations. The experts interviewed expect regional / country-specific regulations to
have a high to very high impact on global supply chains (see Figure 14).
Platform for the exchange / trading of data for the control of additive
manufacturing (e.g. 3D or 4D printing)
Cross-vendor orchestration and last mile optimization
Uberization for means of transport, load carriers, etc.
Use of AI for individual or holistic optimization of capacity utilization, e.g.
algorithm-based distribution of shipments to individual vehicles
General control and optimization of supply chains (e.g. routes, delivery corridors /
slots at the loading ramp)
Classic data and document handling, including secondary functions such as
archiving, automatic document creation or error analysis in documents (e.g.
automatic contract document evaluation or control).
Determination and allocation of emission values
Provision and offer of relevant data for each product / component for the selection
of the return method
Control of return logistics e.g. using a platform.Therefore, every user of the Control
Tower should provide his data in the highest possible quality. A largely automatic
data collection appears to be the technically best solution. Sources for the data can
include sensors on / in containers, products, means of transport or the automatic
provision of transport data and capacities, product data, emission data from the
corresponding planning or ERP systems among others

Interestingly, many experts expect the customer to be the decisive success factor of such
a solution. With a customer-specific order, much more specific customer data on a
platform is now available. This would allow the customer and order data to be passed
on consistently across further delivery stages of the platform. Likewise, the order is
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enriched with data in the course of its processing including updates to existing data..
However, the less the end customer consents to the storage and processing of his data
due to data protection concerns, the less the leverage of a holistic approach or
optimization of the supply chain has.

Results

The concerns of customers limit the accessibility of the overarching supply chain
potential. The most important goals in a holistically optimized supply chain are, among
others, to minimize the financial and physical risks for everyone involved, to increase the
accuracy of the predictions, and place automatic and self-optimizing recommendations
for action (prescriptions). In order to meet these goals, similar questions will arise in the
future as they do today when it comes to setting up collaboration platforms.
-

Who could operate such a platform in a neutral and trustworthy way?
Will alliances form that are strong enough in the market to finance such a central
platform at an early stage and establish it in the market?
Who is the driving or determining party for the purpose of defining fair allocation
algorithms (e.g. for transport capacities)?
Who determines the allocation of vehicles in asset sharing mode?
What do charging models look like and how does a fair usage and fee concept look
like?
What arguments convince consumers to share as much high-quality data as possible
so that such extensive optimization works?

3.2.4

Green Logistics

For the ideas of future logistics outlined above, the common premise predominantly
applies: logistics must become significantly more environmentally friendly (Sustainable
Logistics). Not only do politicians, environmental associations and end consumers
demand this, companies also write sustainability goals for themselves on their agendas.
In 2040, we expect significantly more environmentally friendly, but not entirely emissionfree logistics. The following developments increase the transport volume: in the future,
more and more goods will be transported around the world, which not only raises the
transport volume, but also the number of participants. This tends to increase
environmentally harmful empty transports and relocation processes, as does the initially
positive trend towards material recycling (circular economy). This will probably require
more transport vehicles - even if they are increasingly produced and driven with lower
emissions. In addition, kerosene- and heavy oil-free planes and container ships appear
unrealistic within the next 20 years.
One way to successfully deal with emissions in the future consists of the following three
steps:
1. Know and report emissions for transport and products
2. Reuse parts / components or individual raw materials
3. Compensate or reduce emissions
1. Know and report emissions for transport and products:
In the future, customers will show more willingness to pay for a green and sustainable
supply chain [24]. A surcharge for sustainably produced and transported products is also
conceivable. The experts interviewed see a major challenge in the future in getting away
It
Fraunhofer IPA

SCM2040

Ginkgo Management Consulting

28 | 44

has officially reduced the speed of travel in order to use less heavy oil and thus to be able
to transport in a more environmentally friendly manner. In the end, it was mostly a purely
economic decision by companies to increase their profits. Recognizing and monetizing
added value will only work if emissions are determined as precisely as possible and
presented to the customer transparently.

Results

End customer perspective:
In the future, end customers should be able to choose not only by price and quality, but
also by emission values. The aim is to show the amount of emissions caused by each
product. This affects not only web shops, but also supermarkets and weekly markets ideally calculated dynamically. Because the longer a product e.g. lies in the cooling shelf,
the more emissions it causes due to the required cooling. Potential return emissions from
the product could also be factored in
proactively. The results of the survey
Thesis: Unfortunately, costs for green
transports will continue to be out of
clarify the customer requirements for
proportion compared to traditional modes
the designation of emissions and the
of transport in the future. Green logistics
choice for green logistics. It is
therefore appears to be increasingly
questionable whether or to what
popular;
unfortunately,
marketing
extent customers are truly willing to
arguments still dominate.
pay for it in the end.
Statement
higher price for green logistics. But I expect
Company perspective:
it to be really green - across the entire
Companies will have to comply with
supply chain! The most important thing for
higher environmental standards. The
me is transparency and I want to be able to
experts expect penalties for companies
see it through a portal.
when emissions ceilings are exceeded.
In addition, the reporting of emissions per product must be understandable and
transparent for the customer [25]. Allocation rules for determining emission values must
be defined fairly and comprehensibly. Another conceivable approach would be to set up
a bonus-malus system, e.g. compensations in environmental protection projects of
companies with disproportionately high emissions and e.g. tax breaks for
environmentally friendly transport or production companies. It remains open who
(Germany, EU) defines this in a cross-regulatory manner and in particular enforces it.
As already mentioned, a main trend in the future will be flexibility (in logistics networks,
in response to customer requests or in IT architectures). A characteristic in the sense of
green logistics is for customers the alternative choice of transport, among other things.
In principle, the following already applies today: the faster the transport is to take place,
the more harmful it is to the environment.
2. Reuse parts / components or individual raw materials
Return logistics (circular economy) is one of the main components of green logistics.
Figure 15 shows: Around a third of the experts surveyed expect return logistics to be
used comprehensively in 2040 (almost every company and almost every product can be
reused / recycled). 54% of respondents, on the other hand, believe that return logistics
will be widely used in 2040.
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Results

Figure 15: Use of return logistics

The goal of the circular economy is the sustainable and efficient use of resources. The
driving forces for this are legislation, corporate responsibility and economic potential.
Based on Braun and Thierry et. al. [26] the following processing options can be
distinguished:
-

Direct reuse: customer needs can be covered or used products can be reused
without major refurbishment.
Refurbishment: backflowing goods are processed in production.
Remanufacturing: Assemblies and components are remanufactured for reuse.
Component extraction: a limited amount of reusable parts are refurbished to be
used as spare parts.
Raw material extraction: materials from used products or components are
processed for reuse.

3. Compensate or reduce emissions
Every little reduction in emissions helps protect the environment. There are already
numerous approaches for local emission avoidance. For example, container ships
sometimes use shore power during lay times in seaports, parcel vans are sometimes
powered by electricity, or parcel delivery is carried out by (electric) cargo bike. IoT,
collaboration platforms and other mechanisms from the area of logistics 4.0 do not result
in direct emission reductions, but such solutions can support savings or respond to e.g.
today's calculation or allocation problems.
A first approach to this is the uberization already described in Sect. 3.2.2, i.e. offering
and sharing resources. Uber or Airbnb have already successfully implemented it in the
B2C area; the transport and logistics companies could imitate it in the future. The goal
is to offer free resources on the market and so e.g. to utilize free capacities by loading /
resource sharing.
A future real-time transparency about the availability of products (type, quantity,
location) would be another approach to reduce emissions, e.g. by bundling transport.
The experts surveyed see a trend towards regional warehouses / hubs. The advantages
of this are on one hand significantly shorter delivery times to the customer and on the
other hand possibility of delivering goods directly to the customer using low-emission
robots, drones or electric vehicles [1]. The use of economies of scale will be possible over
long distances with larger vehicles. Hereafter the goal would be to know the availability
in WebShops with local warehouses, the stock of stationary shops or even the knowhow about the availability of the same or similar products in used, available form.
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Henceforth customers will not only select products based on quality, price and delivery
time, but also on environmental friendliness. Whether from a stationary shop or an
underground hub: the most efficient
Statement:
way of saving emissions is to avoid
revolutionizing passenger and freight
unnecessary routes. To achieve this,
transport. However, one factor that is
e.g. the parcel can only be delivered on
neglected today: the entire infrastructure
the last mile if the recipient is actually
for charging the batteries and the recycling
able to receive it. For this purpose,
of batteries that are no longer required. I
functions such as sharing of calendar
strongly doubt that enough charging
data and GPS position are bundled by
stations and above all enough electricity
will be available in the near future.
the
smartphone.
Established
Unfortunately, investments and intelligent
sustainable and trustworthy concepts
concepts in the SmartCity area are still
for data protection and sharing are a
prerequisite.
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4
Recommendations for action

Recommendations for action

Based on the trends in the supply chain for the year 2040, the following are the most
important recommendations for action based on six categories for the manufacturing
and logistics sectors, Figure 16:

Figure 16: Overview of recommendations for action

Overall, the recommendations for action are kept relatively abstract in order to ensure
the highest possible applicability for the manufacturing and logistics industries.

4.1

Supply chain Speed

Customers are demanding shorter lead times in the supply chain. Among other things,
this can be achieved to a certain extent through more efficient use of modes of transport,
parallelization of processes (e.g. parallel delivery of parcels by drones and delivery robots
as opposed to a 1:1 ratio of parcel deliverer and van) or new methods (e.g. more accurate
demand forecast calculation) [27]. The necessary exploitation of economies of scale
triggers an opposite trend. Many small ships, which often travel from Asia to Europe,
have a much faster flow of goods due to shorter waiting times. It will be IT rather than
physics that will increase the speed of the supply chain (e.g. through process
accelerations based on artificial intelligence or use of third-party data). In return for the
required speed in the supply chain, there are natural and political influences. Trade
embargoes and cross-border standards, e.g. in customs, affect the speed in numerous
places. Natural forces such as rain, dry season and earthquakes also impair the usability
of traffic routes.
Table 1 provides an overview of the most important recommendations for action in the
manufacturing and logistics sectors for the challenges listed above.
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Recommendations for action

Table 1: Recommendations for action on supply chain speed

Manufacturing

Logistics industry
Bi-type networks

It is important for manufacturing
companies to create the highest possible
level of reliability, the so-called
resilience.
Constructs which are conceivable, are
for example the production of
components at two different locations
(if this can be represented in terms of
cost / process) or the purchase of raw
materials and components from two
different suppliers. Cooperation with at
least two different logistics companies is
also a possibility.
These variants are already common
today. In the future, the challenge will
be to set up and dismantle such bi-type
networks as quickly and efficiently as
possible. Quasi plug-and-play solutions
have to be defined to ensure reliability
despite the unpredictable. The primary
goal is to ensure the resilience of
logistics networks in difficult times
(natural disasters, trade embargos,
shutdowns due to epidemics etc.) and to
survive the crisis without serious
complaints.

In logistics, parallel networks need to
be set up to mitigate the probability of
failure (e.g. container transport by sea
from Asia to Germany vs. transport via
the Silk Road or the offer to deliver
packages with two modes of transport
drone or cargo bike).
Logistics companies have to offer both
solutions, powerful algorithms should
dynamically choose the transport
alternative.
In addition to the exchange of
information between the direct
participants in control and execution,
indirect participants must also be
taken into account here, for example
in the case of transport routedependent insurance.

Autonomous infrastructure
A possible increase in efficiency through the use of autonomous trucks / vans
requires a company-specific adaptation of the technical infrastructure.
Technologies such as OneShot-Loading and automatic battery charging processes
hold a high potential for savings [13]. This applies both to the loading processes
on the ramp of production companies and to 3PL logistics companies.
Technologies such as OneShot-Loading in combination with autonomous
discharge, among others, will also play a role in inner city locations and should be
integrated into SmartCity concepts.
Effect in strategic alliances
To fulfill delivery contracts, e.g. in the
event of political or environmental
disruptions, the formation of alliances is
an option.
Building alliances of this kind not only
helps to share resources, but also to
support one another in challenging
situations.
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In logistics, alliances in air or ocean
freight are common today, but also in
road traffic.
Potentials for improvement are (still):
division and disclosure of capacities,
standardization of data and flexibility
of processes [28].
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Additive manufacturing

Recommendations for action

Additive manufacturing can react quickly to changing framework conditions.
Useful areas of application can include, for example the printing of spare parts or
samples: design of products that can be produced using 3D / 4D printing in order
to reduce transport, for instance printing spare parts on site, such as in the aviation
industry [29].
On one hand, this increases the speed in the area of product supply. On the other
hand, it changes global to local supply chains (assuming the information continues
to flow): Then restrictions of politics (tariffs, trade quotas, ...) or nature (e.g. closed
sea- or airports) are less influential.

4.2

Planning accuracy and prediction mechanisms

Higher customer requirements as well as political and environmental framework
conditions increase the supply chain complexity. Better forecasting and real-time
knowledge of the position of goods or transports along the supply chain contribute to
transparency and thus to faster reaction times when decisions are made.
Not only must the current situation in the supply chain be known, but also a prediction
about future developments. The most important added value in the future will be the
(automatic) recommendation of what to do next (Prescription).
Table 2 shows the most important recommendations for planning accuracy.
Table 2: Recommendations for Action "Planning Accuracy and Prediction Mechanisms"

Manufacturing

Logistics industry

Sharing of planning data
The exchange and real-time update of planning data helps the entire supply chain
to optimize. The data exchange should take place equally between manufacturing
companies, dealers and logistics service providers.
A first exchange of planning data along the supply chain (from the raw material
supplier, via the module manufacturer to the machine builder etc.) is already
taking place today. There is still a long way to go before an end-to-end exchange
of data, possibly even with the inclusion of secondary processes such as financing
or insurance takes place. In the future, the exchange must be more complete and
automatic:
- IoT-based real-time data transmission instead of manual transmission
- Not only in the primary chain (producers), but also in the secondary chain with
partners (logisticians, banks, personnel service providers etc.)
- Partially also data pre-determined by an algorithm (e.g. based on market
trends, weather trends and past values), even if they have not yet been defined
as fixed plan values in your own ERP system.
Prescriptions
If a certain event occurs, the next and all further steps must be rescheduled. Both
in production and in the supply chain, algorithms that determine the further
course and derive recommendations must be defined (prescriptions). The future
challenge will be to predict the known procedure (which processes are affected
how, which stakeholders in the supply chain have to be informed) with
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increasingly complex stakeholder structures and an increasing amount of data with
a significantly higher precision.
In addition to the classic logistics events (customer requested change, delayed
truck, production disruption), financial effects (entry into force of a trade embargo,
change in exchange rates) up to the occurrence of epidemics must be taken into
account or thought ahead in terms of risk management.
In the future, the ability to forecast (mostly supported by artificial intelligence) has
to be improved. The requirement determines the method selection; classic and AIbased methods can be used in parallel. Consistent readjustment of algorithms and
change management to increase trust in AI must be established.

4.3

Recommendations for action

Flexibility

The experts expect a significantly faster and dynamic future, especially through takeovers
and mergers of the supply chain participants. Customers demand both flexibility in
product selection and quantity, as well as flexibility in goods delivery. This favors
cooperation with other companies or platform solutions. Companies must adjust
accordingly.
Table 3 shows selected recommendations for action across manufacturing and logistics
companies in the area of flexibility. These range from flexible IT and flexible supply chains
to flexible corporate structures with the integration of startups.
Table 3: Recommendations for action Flexibility

Manufacturing

Logistics industry

Flexible IT architectures
In the future, new technologies in the IT area will establish themselves more quickly
on the market. As IT becomes more innovative, product life cycles decrease.
Disruptive startups with clever solutions for data and analytics processes can also
be expected. Another aspect will be the even greater involvement of companies
in data exchange in various platforms.
For all of this, the IT architecture, both for systems and interfaces, must be set up
in a flexible, service-oriented manner along business processes for partner
connection in the company.
Flexible supply chains
Autonomous means of transport (van, truck, drones and delivery robots) increase
the flexibility of the supply chains for many participants: means of transport and
drivers are decoupled, many processes such as battery charging, route
optimization or entry controls in the factory premises and even payment options
are almost completely automated. Likewise, drones and delivery robots better
assign the transports to the correct delivery medium. Senders and logisticians will
have to adapt their physical and IT processes to the autonomous form of transport.
At the same time, flexible supply chains also include shorter contract terms for
senders and carriers. Long contractual commitments reduce the flexibility to switch
between different modes of transport when required, but also between different
transport companies. The importance seems to be increasing for spot market
platforms.
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In the future, flexible supply chains will also be defined by the use of 3D / 4D
printing.

Recommendations for action

Flexibility to integrate new logistics players
Results show that specialized companies will enrich the supply chain at numerous
points (services relating to 3D printing processes, tradefinance providers to finance
trading transactions or IT companies that can create a great deal of transparency
in the supply chain by collecting data from numerous participants). Logisticians
and producers should (be able to) flexibly integrate these services.
Internal processes, hierarchical levels or the transmission of work instructions must
be kept as flexible as possible in the company. The integration and removal of
additional services from such participants does not only take place on the IT side
(see above, flexible IT architectures), but also on the process level. This increases
the leverage of change management and specialists to adapt processes. In the
future, the challenge will be to identify the right trends and innovations and decide
which of these supposedly value-adding participants to connect to your own
supply chain. For this purpose, tailored individual evaluation logic must be defined
for each company.

4.4

Data culture

The technical possibilities enable and, at the same time, force companies to deal with
the topic of data much more in the future.
This is not just about your own data, but also about data from upstream and downstream
processes, about trading data and also about data from secondary sources that do not
initially affect your own business purpose.
Data will not only be created in very large quantities, but will also (have to) be combined
from many different sources. This amount of data, often very unstructured, will have to
be made manageable in the future. The extent to which this influences the decisionmaking component based on gut instinct (expert intuition) remains to be seen.
Important aspects for an optimized data culture in companies are shown in Table 4
below.
Table 4: Recommendations for action data culture

Manufacturing

Logistics industry

Data driven decisions
Data-driven decisions require fundamental trust, which must be built up and
established. Especially in the next few years, data-driven decisions will find their
way into everyday work processes. Resulting predictive algorithms must be valid
and of high quality. A basic prerequisite for all decisions is (still) the availability of
high-quality data, as otherwise will result in incorrect decisions. [30]
Due to the sheer amount of data and its complex interrelationships, it will
sometimes no longer be possible for people to validly understand whether the
calculated forecast is correct.
Example: nowadays the route for parcel deliveries at a CEP company is determined
by a system as a suggestion in the morning, but the driver can still ignore it and
make his own optimizations. In a highly networked world, this seems unthinkable.
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The systems dynamically determine new meeting places in the background based
on new orders for the purpose of package exchange between the package van
and drones / delivery robots in real time, taking into account traffic developments.
E.g. it would be desirable that the parcel van does not start the customer journey
if it is known (by reading out its calendar and GPS data) that he is / will not be at
home.
Confidence in these system and algorithm-controlled decisions should slowly but
surely be built up in companies via extensive change management.

Recommendations for action

Servitization & Data Monetization
The manufacturing industry should
broaden
its
understanding
of
performance and think of both
(profitably sold) products and data (e.g.
generated by IoT sensors).
It is also conceivable that certain device
functions can only be activated
temporarily
against
payment
of
additional fees. If this applies to
significantly more products in the
future, this has two consequences:
1. The product design is to be tailored
for maximum functions that can be
switched on and off via software.
2. As the possible combinations of
additional services increase, so does
their calculation dynamics (price,
variances of additional services, ...),
bringing pricing closer to real time.
The following questions are relevant:
- Which functions are direct and which
can be sold as additional services
with the help of IoT solutions?
- Which data can / do I want to
monetize and which data do I need
for this?
- Which data are unintentionally
helping the competition?
- For which data which of my
customers are willing to pay which
amount?

In the logistics industry, the focus
today is on physical product and
vehicle
monitoring,
e.g.
state
(temperature) or current position.
There are currently system solutions
that offer product or vehicle
monitoring, but some are still at low
maturity levels. Most of the time, only
the truck is equipped with a GPS
transmitter. In the future it will also be
the trailer, the container on it, every
single pallet in the container and even
the box on the pallet.
The availability of GPS transmitters on
pallets or ideally at product level in an
acceptable level of maturity allows,
among other things, a more precise
process planning of transport routes
and handling processes. Automatic
documentation of risk transfers or also
incoming goods postings is crucial, as
it (should) significantly improve the
tiresome subject of the quality of the
transaction data.
As in the manufacturing sector,
logistics needs to clarify - which data
can I sell to whom and at what value?

Privacy
In the future, data protection will be even more important for companies - not in
the current context of data theft or illegal manipulation of data, but in the context
of protecting data that is voluntarily passed on to third parties.
On one hand, there is the case that data is made publicly available. A third party
can legally use this data, combine it with other publicly available data and thus
possibly obtain information that could be dangerous to the original company. On
the other hand is the protection of sold data: how is it ensured that this data is
not illegally resold or misused for undesired purposes?
Hence, it will not only be about classic data protection, but also about data security
after the transfer of data to others.
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Data sharing along the supply chain
Production and trading companies
should in future consider data exchange
with participants in the upstream and
downstream processes as a central
competitive building block for market
share and market dominance.
Without such data sharing, "island
companies" with high data hurdles to
upstream and downstream processes
arise. For these companies, access to the
market is significantly more difficult and
they would have to overcompensate for
it with other factors (e.g. superior
product quality).
A possible data exchange chain for a
consistent customer experience would
be e.g.: cooperation between an
automobile
manufacturer,
a
SmartHome supplier, a garage door
manufacturer and a supplier of
renewable
energy.
Today,
such
partnerships are mapped selectively. In
the future it will be necessary to deepen
such
partnerships
through
data
exchange.

4.5

Recommendations for action

In logistics, two flows of data sharing
have to be considered:
- Proactive messages to the next
process steps in a supply chain (e.g.
dynamically determined arrival time
of a truck at the sea terminal for the
delivery of a sea container)
- Capacity requirements for transport
services, both from the production /
trade industry to the logisticians and
from the logisticians to secondary
partners (banks, platform providers,
insurance companies).
As results show, not only the partners
in the primary supply chain
(warehouse, forwarding agent, truck
driver, terminal, ship owner) will have
to work together in logistics, but also
various other digital middlemen.
Companies that, for example, use
blockchain to map financing parallel
to the physical logistics chain, or
companies that collect IoT and GPS
data from all devices and resell them
for money.
Cosnquently the balance between
information withholding (internal
only) and disclosure to third parties
(wanted or indirectly unwanted) will
become
more
important.
The
evaluation of the positive or negative
effects of a data release to third
parties will appear to be significantly
more complex for companies in the
future, a central evaluation instance in
the company seems to make sense.

Production techniques

New production technologies are changing the supply chains. Not only will widespread
3D printing be used in numerous industries, but also 4D printing, which is still in the early
development phase. In addition to the aspect of printing technology, the opportunities
and risks associated with 3D / 4D printing processes are also important for companies.
Table 5 shows how production companies and logisticians should position themselves
in the future.
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Recommendations for action

Table 5: Recommendations for action production techniques

Manufacturing

Logistics industry
3D and 4D printing

The manufacturing industry should align
components for the highest possible
printability in 3D / 4D printing. If this
succeeds, it will simplify the logistics
chain of component finishing after
printing. This applies in particular to
important spare parts (on ships or for
machines).
An important aspect for the producers
or owners of the construction drawings
are data protection concepts: especially
with 3D / 4D printing, these concepts
are intended to limit the multiple use of
the print data to the agreed number ,
e.g. via serial numbers.

The provision of data for the
manufacturing of spare parts will
replace the provision of physical
components. This requires data
transfer and protection concepts for
single use.
In addition to the conversion of the
value
creation
processes
for
logisticians, it is also necessary to
develop some of the warehouse
management specialists in the
direction of 3D / 4D printing experts.

Standardization in 3D and 4D printing
Both the industry and the logisticians have to agree on a standard for 3D / 4D
printing and corresponding processes in a timely manner. This will include
questions such as:
- Data formats for print job transmission
- Data transfer / protection concepts for single / multiple use
- Order description of finishing processes
- Specification and verification of defined product quality
- Definition of downstream processes (e.g. assembling individual components,
exchanging components)
Decentralized use of printed matter
Special know-how is often required to
install the printed components (by
technicians or as a service by the
logistician himself). This becomes
particularly challenging when spare
parts are provided by the logistician and
no longer by the service technician as is
the case today. Digitization of the
service
processes
could
reduce
knowledge deficits. The representation
of component exchange processes in
digital form e.g. using Google Glass with
concrete audio-visual aids or instruction
videos with step-by-step instructions are
examples. [31]
Companies should also assess the
resulting earnings risks (loss of service).
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Recommendations for action

Digital twin
The use of digital twins (for machines and processes) continues to gain in
importance: This is where the challenge lies in handling and controlling
interdisciplinary twins (machine parks and entire production facilities instead of
individual machines or machines in connection with logistics processes).
Exemplary applications for digital twins are, among others, the simulation of ship
engines and gearboxes (if repairs are required, the berth time at the quay in the
port during container loading and unloading can be planned accordingly for a
repair) or the simulation of machine parks in a production hall. Leading digital
twins can provide information for supply chain control (e.g. redirecting the delivery
of materials or components to other production sites by truck or reducing the need
for parts via digital Kanban). Both examples, in which if a component fails, the
follow-up challenges to maintaining the supply chain are very complicated.

4.6

Environmental protection

The recommendations for action outlined above should primarily or secondarily support
environmental protection in all industries. However, there are also concrete
recommendations for action that companies should implement in the coming years with
regard to environmental protection. Table 6 shows the most important ones.
Some of the recommendations for action shown above cause conflicting goals if you also
consider the environmental aspect. Here, every company must position itself in an
overarching corporate strategy with regard to the priorities between economic and
environmental goals.
Table 6: Recommendations for environmental protection

Manufacturing

Logistics industry
Reusable packaging

In the future, the manufacturing industry should strive to use reusable packaging
and aggressively lower packaging waste even further - both within and outside of
the company.
Here, among other things, 3D / 4D printing opens up numerous possibilities for
producing reusable containers quickly and inexpensively. It would be conceivable
to use a steel / aluminum body, in which only the individual interior comes from
the 3D / 4D printer.
In the future, this trend will be supported by IoT solutions in every container
(position tracking, analysis of service life, etc.) or autonomous means of transport
(vans & trucks, delivery robots and drones) that can facilitate the circular economy.
The logisticians could offer processes and services for reusable packaging
accordingly (from the design of the reusable box, to supply models and round
trips).
Another trend towards greater use of reusable packaging is the delivery of
packages to end customers; the latter would then have to unpack and accept the
content immediately. If this succeeds, simple round trips and tracking solutions
enable logistics around reusable boxes instead of disposable boxes.
In all cases, the empty transport of reusable packaging, which was previously
unfavorable from an environmental point of view, can take place using emissionfree drones or delivery robots.
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Alternatively, one-way packaging with environmentally friendly materials could
also be interesting; then the return transport will be obsolete.

Recommendations for action

Environmentally friendly transportation
In particular, production companies
with a direct delivery will face the
demand for environmentally friendly
transport and storage.
For web shops, for example, this means
that classic (possibly cheaper) and
emission-free (possibly more expensive
and / or slower) transport might need
to be offered to customers.

The transport buyer should have
(dynamically calculated) alternatives
(e.g. transport from Shanghai to
Hamburg by train, plane or ship - all
modes of transport with different
emission, cost and transport duration
values).
An alternative offer for the last mile
could enrich this: from environmentally
friendly delivery in the city center by bike
to a parcel van.

CO2 designation
In the future, all those involved in the supply chain should be able to precisely
determine CO2 emissions and be able to provide valid evidence of them.
Customers will not only choose their product based on price and product / service
quality, but also on the environmental aspect. CO2 information about the product
should be standard (in web shops, on the price label on the refrigerated shelf in
the supermarket or at the weekly market booth). Dynamically determined and
ideally with the calculation of an estimated emission value for future return
logistics of the product.
Return logistics
The manufacturing industry should
optimize the return logistics of their
products, e.g. through an artificially
created and incorporated DNA
(material composition or specific
recycling instructions), which supports
a selection of the correct return type.
Product production from recyclable
materials should go without saying. It
would also be conceivable for
numerous producers to set up a
secondary
market
for
used
components and products.
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5
Central theses

Central theses

Within logistics and supply chain, various medium and long-term factors will take effect
by 2040. Certain standards in logistics will remain established, some topics that are
- an overview:
-

-

-

In 2040, standard sea containers and Euro pallets will continue to dominate physical
logistics. Likewise, (even if to a lesser extent) paper continues to be used in logistics.
The experts interviewed also agree that production on ships or trains will be rather
unlikely. Likewise, production under water or in space will not yet exist in 2040.
Environmental influences, politics and unrest of various kinds pose new challenges
for the design and operation of supply chains.
The orchestrated data exchange increases in order to enable forecasting capabilities
and autonomous (AI-based) decisions along the supply chain, and thus will lead
toachieving advantages for all participants.
The use of technology and IoT (including the use of sensors) will make the classic
physical product more intelligent and, on this basis, enable new associated services.
This changes the competitive position of producers and service providers.
With the possibilities of data exchange via platforms and the use of technology,
supply chains can be organized both flexibly and robustly.
Customers will increasingly demand "green logistics" - sustainability will become a
critical success factor for companies - the subject of return logistics is already in focus
today.
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