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Many different megatrends such as digitalization, are posing specific challenges
and opportunities for supply chains creating the urgent need to adapt and rethink
the way they are organized. This paper aims to define development paths (DPs),
which constitute projections into the future. The DPs are based on the analysis of
megatrends, which might have an impact on the design of supply chains until the
year 2030. The results are 51 possible DPs, which are derived from the identified
megatrends and clustered under 22 descriptors, which are in turn assigned to
the PESTLE (Political, Economic, Social, Technological, Legal, and Environmental)
dimensions. These DPs consider the underlying criteria reasonability and conceiv-
ability. They describe how the future might look like in 2030 and can be used to
address developments, challenges and opportunities that may arise in supply
chains. Thus, this paper creates the starting basis for further research that deals
with the creation of holistic industrial scenarios affecting future supply chains.
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Alternative Development Paths for Supply Chains in 2030

1 Introduction

The biggest trader and exporter is the political and economic European Union
(EU) of 28 member states. It is expected that in the next 10-15 years 90% of the
global economic growth will come from outside the EU (ALICE, 2014). Therefore,
on one hand, the EU companies have to be able to adapt and gain a competi-
tive advantage by accessing these new markets. On the other hand, companies
must configure accordingly their supply chains to respond efficiently to incoming
challenges, such as customization and scarcity of resources. Digitalization accom-
panied by acceleration of technological developments affect different industries,
such as process, discrete manufacturing and logistics industry that are significant
sectors for the EU’s economy.

The process industries are industries where the production processes are either
continuous, or the batches of materials are indistinguishable (Institute of Indus-
trial and Systems Engineers, 2018). The product is created by using a formula to
refine the raw materials leaving no way to break down the final product into its
basic components (Cole and O’Donnell, 2017).

Different divisions of the process industry sector such as chemicals, minerals non-
ferrous metals, are united under SPIRE - Sustainable Process Industry through
Resource and Energy Efficiency (Tello and Weerdmeester, 2012). These divisions
comprise more than 450,000 companies, employ 6.8 million people and have a
yearly sales volume of more than EUR 1.6 billion. The common feature between
these types of companies is the high dependence on resources (e.g. energy). The
process industry is important for Europe since it covers 20% of the overall Euro-
pean industry in terms of employment and sales volume (Tello and Weerdmeester,
2012).

The discrete manufacturing sector has 29.7 million employees in over 2 million
companies generating a turnover of EUR6.98 billion and a value added nearly to
EUR 1.63 billion; the sector represents 17% of the EU GDP (EFFRA, 2013). Com-
panies in this sector produce distinct items that can be easily counted and the
products are measurable in distinct units.

The top five branches for value added and employment in the discrete manu-
facturing sector are machinery and equipment, food products, metal products,
motor vehicles and electric equipment (EFFRA, 2013).

As reported by Eurostat and the alliance for European Logistics, the logistics sector
constitutes the single biggest industry in Europe: it creates 7 million employees
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and the revenue per year is more than EUR 900 billion, representing around 7%
of total European GDP (Savills Investment Management, 2016).

In order to address these challenges and benefit from the opportunities provided
by megatrends, companies use mechanisms such as collaboration and reconfig-
uration of supply chains. Berger (2015) identified the top ten trends impacting
the supply chain: (i) rising customer requirements regarding reliability, (ii) rising
customer requirements regarding flexibility, (iii) increasing demand volatility, (iv)
rising customer requirements regarding lead times, (v) rising customer require-
ments regarding cost, (vi) increasing uncertainty, (vii) increasing complexity, (viii)
increasing globalization, (ix) increasing heterogeneous customer requirements,
and (x) increasing speed of change. Cost and reliability are revealed as the most
important targets in supply chains (Berger, 2015). In the future, lead time and
flexibility will also have a high importance. More recently, Kersten et al. (2017)
analyzed the trends and opportunities in supply chain management that lead to
digital transformation opportunities from a twofold perspective: endogenous
and exogenous. Endogenous trends include: digitalization of business processes,
business analytics, transparency in the supply chain, automation, networking/
collaboration, and decentralization. Exogenous trends comprise: cost pressure,
demand fluctuations, government regulations/ compliance, individualization,
staff shortages, risks/ interruptions, complexity, sustainability, and changed con-
sumer behavior.

The analysis of challenges and opportunities in the supply chain has generally
been addressed in the literature by focusing on one or several dimensions. For
example, Zhong, et al. (2016) focus on Big Data technology and identify cur-
rent challenges, opportunities and future perspectives from six aspects: data
collection, data transmission, data storage, processing, decision-making, and ap-
plications. Similarly, Bechtsis, et al. (2017) study the impact of Automated Guided
Vehicles for a sustainable supply chain. Barbosa-P6voa, da Silva and Carvalho
(2018) include three dimensions (economic, environmental and social) in their
analysis to identify opportunities and challenges from an operational perspective.
However, few studies have considered other dimensions (e.g. legal, political).

Challenges increment the complexity of supply chains in three main aspects:
operational, logical and administrative (Yami, 2018). According to Yami (2018),
a study carried out in 2006 performed a ranking of complexity drivers in the
supply chain leading to the following result: product/ services, customers, direct
materials, ship-to locations, manufacturing locations, suppliers, and distribution
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centers. The actions focused on the control of the complexity of the supply chain
that will have a positive impact in the competitiveness of the firm.

In this regard, handling change is an integral part of managing supply chains.
However, the speed of change is so fast that it is difficult to identify where to
focus the company’s management resources. Under this uncertain environment
aframework for the identification of future scenarios in the supply chain has been
developed. The framework comprises a PESTLE analysis to identify megatrends
that interact to create the challenges and opportunities future supply chains
might face. This paper uses the process, discrete manufacturing and logistics
industries as input in order to be able to analyze megatrends from different points
of view. The results of this paper are final DPs that consider these three industries
like a single system. This approach provides the opportunity to create generic
DPs, which are required to build industrial scenarios.

This paper is divided into five sections. Section 2 includes a literature review
related to scenario development in the field of supply chain management (SCM).
Section 3 describes the methodology developed for the definition of DPs. The
defined DPs are summarized in Section 4 and elaborated in detail for the techno-
logical dimension in Section 5. Section 6 entails the conclusion and an outlook
on further research.

2 Literature Review

Today, supply chains face several challenges and opportunities, such as globaliza-
tion and emerging technologies that change and shape the future of industries.
Thus, it is crucial for companies to develop robust strategies and prepare for the
future (Singh, 2004; Melnyk, et al., 2009). To this end, scenario planning is the
most appropriate approach for a long-term planning to support decision making
in uncertain situations (Schoemaker, 1993).

Scenario planning has been utilized by several studies in the field of SCM (e.g.
Mazzarino, 2012; PwC, 2009; von der Gracht and Darkow, 2010). As for the planning
horizon, most of the papers in the field of SCM focus on a range of 8-10 years
(e.g. von der Gracht and Darkow, 2013) and a few take into account a planning
horizon of more than 10 years (Jiang, Kleer and Piller, 2017). Regarding the context
of the scenarios, the focus of those papers is mainly on the logistics industry
(e.g. DHL, 2012; von der Gracht and Darkow, 2016). There are a few papers
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3 Methodology

that develop scenarios for the discrete manufacturing industry (e.g. Arora and
Putcha, 2013; Jiang, Kleer and Piller, 2017) and process industry (e.g. Willigens
and von der Gracht, 2013). To the best of our knowledge, there is not any study on
industry scenarios that support decision-making in all of these three industries
so that companies could take a holistic perspective into consideration. This
requires a more thorough approach to manage long-term planning in the process,
discrete manufacturing and logistics industry. Our research closes this research
gap by developing alternative DPs that consider all the three aforementioned
industries.

Scenario publications mainly use the Delphi technique to develop and present
only the final scenarios (e.g. von der Gracht and Darkow, 2010; Jiang, Kleer
and Piller, 2017). In the contrary, our study follows the Gausemeier and Plass
(2014) approach, which is described in the methodology section. This paper
also presents potential future DPs that enable companies to recognize different
developments based on megatrends. From the DPs final scenarios, which reflect
the overall system relations between the chosen dimensions, can be developed
in further research.

The central idea of developing alternative paths for long-term planning is to lead
decision makers to specific directions within the PESTLE dimensions and provide
support in uncertain times (Powell, 1992). However, most of the studies give
emphasis mainly on the environmental dimension (e.g. Arora and Putcha, 2013;
von der Gracht and Darkow, 2013; von der Gracht and Darkow, 2016; PwC, 2009).
Only a few studies (e.g. DHL, 2012; Mazzarino, 2012) have addressed all of them.
Our focus lies within all of the PESTLE dimensions. Based on the gaps discussed
above, this study tries to answer the following research questions:

1. Whatdevelopment paths might emerge from megatrends in the industrial
sector by 2030?

2. How will the technological dimension particularly shape the DPs for the
industrial sector by 2030?

3 Methodology

This paper follows the scenario technique developed by Gausemeier (Gausemeier,
et al, 1998; Gausemeier and Plass, 2014) in order to create projections, which
constitute developments into the future, specifically until the year 2030.
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The Gausemeier approach has five stages: (i) preparation, (i) scenario field analy-
sis, (iii) scenario prognosis, (iv) scenario development, (v) scenario transfer. This
paper presents the third stage, in which a range of possible futures (typically 2-4)
is defined for each descriptor (i.e. megatrends such as globalization). These pro-
jections represent alternative and dissimilar developments of the descriptor.

Thus, this study shows all the potential future developments, which enable com-
panies to evaluate different paths for different megatrends, instead of presenting
the final scenarios that result from different combinations of a variety of DPs
within the underlying dimensions. This basis allows building final consistent
scenarios in further research.

These DPs are derived from the analysis of identified megatrends in previous
research (Kalaitzi, et al., 2018), which in turn have been organized according to
the PESTLE dimensions. Some megatrends have been rephrased if necessary in
order to derive the descriptors. The decision to rephrase a certain megatrend is
subject to its tendency. If the megatrend has a positive or negative inclination, it is
rephrased to represent a neutral position; e.g. the megatrend “protectionism” has
been renamed to the descriptor “trade policy”. A descriptor can have a positive,
negative and neutral DP. However, deviating settings are also feasible. Conse-
quently, the number of DPs per descriptor is not fixed and varies by descriptor.
Each descriptor is characterized by diverging DPs that express possible future
states of the descriptor and describe circumstances companies and societies
might face.

The analysis of the megatrends considered statistics, forecasts and descriptions of
the respective megatrends found in literature (Kalaitzi, et al., 2018). Hence, quan-
titative and qualitative data is combined in order to derive the DPs. Additionally,
several iterative workshops with three to 17 experts from different departments,
sectors and with different backgrounds were conducted in order evaluate the
DPs derived from literature as well as elaborate on further possible DPs. This
approach provides a comprehensive picture throughout all PESTLE dimensions
as well as the three industries under consideration.

Each DP is assigned to one of the PESTLE dimensions. Nevertheless, certain DPs
also can have impacts on other dimensions since it is rarely that developments
affect only one of the PESTLE dimensions. This is due to the comprehensive
nature of the study and a holistic analysis of opportunities and challenges of
megatrends.
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4 Overview of the Development Paths

The main criteria for the creation of DPs are its reasonability and conceivability
(Gausemeier and Plass, 2014). Hence, we propose that every DP needs to fulfil
certain quality criteria, namely: (i) plausibility - a DP needs to be plausible to
the complete scenario team, (ii) dissimilarity - all DPs have to be distinct to each
other, (iii) completeness - a set of projections within a descriptor has to provide a
comprehensive set of possible developments, (iv) relevance - each DP requires
a check regarding its future relevance, and (v) information content - each DP
needs to add further value to the set of DPs within a descriptor. A DP can be
futuristic but needs to rely onvalid arguments or requires justification by statistical
developments.

Suitable DPs must be distinct, so that the consistency check, needed in subse-
quent research for the scenario building, does not lead to many different evalua-
tions and, hence, to inconsistent scenarios. Rather reasonable combinations of
DPs are necessary for the creation of consistent scenarios.

Section 4 presents the results of this research by listing the descriptors with a
definition and the assigned DPs organized by the six PESTLE dimensions.

4 Overview of the Development Paths

Table 1 contains the descriptors per PESTLE dimension along with a definition for
each descriptor, and provides an overview of the identified DPs per descriptor.
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5 Development Paths for Autonomous Systems in the Technological Dimension

Due to numerous DPs in each of the six PESTLE dimension, it is not feasible to
illustrate all DPs in detail in this paper. Hence, the focus in Section 5 is on the
technological dimension. More specifically, "Autonomous Systems” are chosen
as example since these technologies are expected to progress on a high pace with
vast impacts on all industries and the related supply chains.

5 Development Paths for Autonomous Systems in the
Technological Dimension

The two DPs under the descriptor "Autonomous Systems” are exemplarily outlined
for the technological dimension.

Autonomous systems describe objects or devices that can act and make situation-
dependent decisions independently without interference by humans or other
outside forces (European Group on Ethics in Science and New Technologies, 2018).
These technologies have an immense impact on ways of working, particularly
how people will collaborate with other people, machines and virtual formats in
entirely new ways (Wisskirchen, et al., 2017).

Based on the previous research (Kalaitzi, et al., 2018), autonomous systems en-
compass the trends robots, drones, automated vehicles/ automated guided ve-
hicles and cyber-physical systems. The DPs take up on these trends and are
described in the following Subsections 5.1 and 5.2.

This section focuses on the DPs. DPs describe how the future in 2030 might look
like. Since this study is part of a comprehensive scenario generation approach, it
is subject to further research to analyze which DPs are feasible in the context of
a holistic scenario. The scenarios are composed of combinations of several DPs
from various descriptors and different PESTLE dimensions. Hence, at this stage of
research it is yet not possible to derive which implications arise, how companies
need to prepare for the future, how supply chains will change concerning their
configuration or how the developments will affect specific industries (e.g. process,
discrete manufacturing or logistics).
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5.1 Dynamic Development of Autonomous Technologies

This DP describes that companies are taking advantage of digital technologies
to find new markets, business models and revenue streams and that human
workforce can benefit from this development.

Technology advancements, especially with regard to robots, drones and au-
tonomous vehicles are progressing at a rapid pace. Cyber-physical systems play a
key role for autonomous systems in the industrial environment. They constitute
enablers for efficient communication and control by transferring and exchanging
data over the internet in real time. An increased exploitation of these technolo-
gies leads to a highly automated and autonomous environment which permits
to improve the productivity rate (for example robots can perform 24/7) reducing
quality problems, errors and down times (Wisskirchen, et al., 2017). Coupled with
the ability to share and act upon the associated data and derived insights, new
service and production related business opportunities arise for global players
as well as start-ups. New business models emerge both within and across orga-
nizations, removing traditional silos as well as simplifying trust and contractual
agreements. Automation (both physical and virtual) replaces an increasing range
of human tasks (Bingley, et al., 2016).

Implications on supply chains

The described technological advancements allow the administration of supply
chains to be simplified and to operate with less cost and better customer satisfac-
tion. In particular, the first step in the advancement of autonomous systems is at
the process level in order to automate non-value added activities. In this regard,
rapid changes could lead to high rates of unemployment. In this case, companies
need to define approaches for reallocation of staff along the supply chain and
consider the possibility to improve their capabilities since these technologies
require advanced IT skills. By tracking the whole supply chain, transparency be-
tween the supply chain actors can be increased, which improves the capability
to react efficiently and quick to external influences. If new business models are
implemented to handle the increasing complexity of autonomous systems, the
supply chain can achieve high performance in terms of agility, reliability and
transparency.
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5.2 Innate Reluctance to Accept Autonomous Technologies

This DP states that the use of advanced technologies is reshaping the work land-
scape intensifying competition on the labor market and causing worker displace-
ments.

The technological development enables a high degree of automation and auton-
omiztion. Suppliers provide modular and standardized components so that tech-
nology solutions become affordable, but still often lack profitability (Gausemeier
and Plass, 2014). Since an autonomous technology requires suites of expensive
sensors, the average cost of this technology is high and this could slow down
the application of this technology. A particular technological roadmap to reduce
those costs is yet to be established (Omohundro, 2014; Anderson, 2016). Although
autonomous technologies often lack profitability (Gausemeier and Plass, 2014) or
regulations prevent the full exploitation of their potentials, automated and partly
autonomous factories are progressively becoming the standard in Europe. The
result is a shift from assistance of human activities to a more machine-centered
environment. This development radically reshapes the work landscape and cre-
ates new business models (Bingley et al., 2016). Users struggle with operating the
highly complex machines (Gausemeier and Plass, 2014). Hence, employees fear
for their jobs, get frustrated and demotivated and eventually adopt a negative
attitude towards emerging advanced technologies.

Implications on supply chains

High costs, privacy and cyber security issues, low IT penetration into processes
as well as a lag of technology standards make the adoption of new technologies
slower and restrain digital transformation. Supply chains need to revise processes
and move from traditional supply chains towards a connected, smart, and highly
efficient supply chain ecosystem in order to achieve comprehensive agility and
transparency.

6 Conclusion and Outlook

This paper identifies 51 DPs that might emerge from megatrends in the industrial
sector by 2030. DPs constitute projections of each megatrend into the future.
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They are grouped under 22 so-called descriptors and assigned to the PESTLE
dimensions. Each DP creates different conditions that will have an impact on
supply chains and their configuration.

In order to address our first research question, we have extended previous scien-
tific publications and grey literature by taking a holistic approach and considering
three different industries (i.e. process, discrete manufacturing, and logistics) as
well as six PESTLE dimensions. We assessed megatrends and their associated
challenges and opportunities in order to define DPs for the future. The system-
atic collection of information regarding megatrends and their analysis permits a
complete and well-structured illustration of a set of DPs.

To answer our second research question, we exemplarily elaborated on two DPs
for autonomous system by providing a comprehensive description of the two
divergent DPs. Furthermore, possible implications of these DPs on supply chains
and companies are described.

The construction of DPs is part of a comprehensive scenario technique. Future re-
search will show the impacts of each DP on each specific industry and the related
supply chains. Then, by using the Gausemeier and Plass (2014) methodology, it
will be necessary to create the most plausible and diversified industrial scenar-
ios. These scenarios help to define the best strategies to engage the different
challenges of the future.

Our research is limited in the way that process, discrete manufacturing and logis-
tics industries are considered as an input only. The resulting DPs are not classified
by industries. Thus, this study follows a holistic approach and can be used to
create scenarios for different industries in future research and to derive specific
DPs for the aforementioned industries. Additionally, the DPs were validated with
a small group of experts. More experts could provide other insights. Some DPs
are concentrated in a European context since the focus was on existing European
roadmaps. Practically, this study enables supply chain professionals to under-
stand possible DPs and serves as basis to develop future scenarios in subsequent
work.
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