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SUMMARY

Industry 4.0 and Advanced Manufacturing are topics of
high international relevance. They are currently the subject
of intensive debate both in the academic literature and in
the practical context of what has become known as the
4t industrial revolution. They are highly dependent on the
availability of an adequate digital infrastructure and well-
functioning logistics systems and they have a number of
repercussions for cities and regions.

Very little work has yet been done regarding the interrela-
tions between Industry 4.0/Advanced Manufacturing and
urban development. Consequently, this acatech POSITION
PAPER addresses a new field of academic and practical in-
terest, especially as it also adopts an international devel-
opment cooperation perspective. The study was carried out
in close cooperation with the Indian National Academy of
Engineering (INAE).

The position paper is based on a number of expert studies
on Advanced Manufacturing, logistics and urban devel-
opment which have recently been published by acatech
(Muller, Herzog, 2015), as well as on the project manag-
er's and main authors’ own research, e.g. in India. The
results of a joint GIZ, acatech and INAE symposium held
in India have also been incorporated into the report.

In the report, reference is made to the German Digital
Agenda 2014-2017, the GIZ "Quality of Growth" concept,
the GIZ/ICLEI discussion paper on the "Green Urban Econ-
omy" and the BMZ document “Managing urbanization -
towards sustainable cities”. The discussion on the Nation-
al Platform City of the Future (NPZ: Nationale Plattform
Zukunftsstadt) in Germany was also taken into consider-
ation. On the Indian side, the National Manufacturing
Plan, the 12% 5 Year Plan 2012-2017 and the 100 Cities
Program of the National Government were among the sub-
jects discussed.

The following results can be highlighted:

— Industry 4.0 is a relevant topic for German develop-
ment cooperation. It has the potential to support all
dimensions of qualitative growth as defined by German
development cooperation. Furthermore, it can help to
promote a green urban economy and has the potential
to make an essential contribution to sustainable urban
development.

— The potential of Industry 4.0 regarding the implemen-
tation of the new post-2015 international development
agenda based on the Sustainable Development Goals
(SDGs) defined by the United Nations should be care-
fully explored and included in the international debate.
In the context of the topic discussed here, Goals No. 8.,
9. and T11." which are related to economic growth, to
resilient infrastructure and sustainable industrialization
as well as to sustainable urban development, are of spe-
cial interest here (UN 2014).

— Industry 4.0 has significant potential to positively im-
pact economic development and to contribute to the
sustainable development of cities in developing coun-
tries and emerging economies. However, the success of
its potential benefits is also dependent on the appropri-
ate economic and urban framework conditions being in
place. If they are not in place, less positive or even neg-
ative impacts of Industry 4.0 on urban development,
such as increased noise levels due to 24 hours trans-
portation and commuter movements, changed logistics
requirements due to smaller storage units, etc., may
prevail. It is especially important for these framework
conditions to be addressed by the BMZ and German
development cooperation.

— India is a suitable partner for further action, especially
in terms of generating Industry 4.0 and urban develop-
ment good practice examples and working towards im-
proving the framework conditions for successfully pre-
paring the country for further development. The specific

1 Goal 8.: Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all.
Goal 9.: Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation.

Goal 11.: Make cities and human settlements inclusive, safe, resilient and sustainable.
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interest of the Indian industry in Advanced Manufactur-
ing and Industry 4.0 concepts, the extremely difficult,
however, improving framework conditions for logistics,
as well as severe bottlenecks concerning sustainable
and inclusive urban development, and increasingly im-
portant demands for a more flexible and locally based
urban and regional planning system, play a role here.

Based on these results, the following four recommenda-
tions can be made:

— Carry out an International Industry 4.0 Screening

Study: The study should be global in scope and should
identify countries and urban regions relevant to the in-
terface between Industry 4.0 and urban development.
The survey should draw on the experience of German in-
dustry. Germany's National Academy of Science and En-
gineering (acatech) could act as a partner and perform
a liaison role, owing to its strong links with German in-
dustry (through its Senate) and also its strong working
relationships with other engineering academies around
the world. GIZ, KfW and DEG should also participate
and contribute their international experience. The sur-
vey could complement an international benchmarking
study which is currently under preparation by acatech,
although this study focuses on international competi-
tiveness and does not specifically address urban devel-
opment issues and international development cooper-
ation. Besides analyzing the state of Industry 4.0 as
such, its potential positive and negative effects on ur
ban development under different framework conditions
should be scrutinized.

Develop an Industry 4.0 Readiness Assessment Tool-
box: The toolbox should facilitate informed national
and local decision-making. Industry 4.0 will not be a
feasible or successful option for development every-
where in the world or even in different parts of the same
country. At present, little is known about the support
ing framework conditions relating to quality of growth,

economic development, employment and possible in-
tegration into international value networks and their
impact. It is also not clear which factors are relevant to
enabling Industry 4.0 to contribute to a green urban
economy and sustainable urban development in each
specific case. The toolbox should therefore serve as a
guide to national and local administrations for carry-
ing out (rapid) analyses. It should provide elements for
an Industry 4.0-related SWOT analysis of the different
countries, regions or urban areas. The toolbox should
also contain a set of assessment tools regarding e.g.
data communication facilities and ICT readiness, cluster
analysis, competitiveness and resilience, infrastructure,
labor market, general socio-economic characteristics, ur-
ban structures and planning instruments, governance
and related policies and strategies. The Assessment
Toolbox should encompass issues related to quality of
growth, the green urban economy and sustainable ur-
ban development.

Re-examine urban development strategies - Inte-
grate Industry 4.0 Concepts: Industry 4.0 may fa-
cilitate more mixed urban development by bringing
the factory back to town, even close to residential
areas. This may promote the realization of the “com-
pact city” and the “city of short distances”. It is made
possible because of two features of Industry 4.0: di-
minishing lot sizes and the promotion of environmen-
tally-friendly integrated “urban production”. However,
such positive consequences of Industry 4.0 for urban
development will not come about automatically. Nu-
merous bottlenecks and necessary urban and regional
framework conditions will need to be addressed, such
as negative environmental impact, increase of noise
levels due to extended logistics and commuter move-
ment, etc.. Smart, modern planning will also play an
important role. Re-examining existing urban develop-
ment strategies as well as legal frameworks and ur-
ban planning systems is therefore indispensable in
most countries. Strategically-oriented modern urban



planning practices that directly involve all the relevant
stakeholders may help to deliver the potential urban
and environmental dividends of Industry 4.0. The BMZ
and GIZ should place special emphasis on improving
the framework conditions in order to enable the po-
tential benefits of Industry 4.0 to be fully realized. As
far as India is concerned, an interesting link could be
established with the 100 Smart Cities Program of the
Indian Government. In anticipation of the extremely
high urbanization rates expected in the coming dec
ades, India is planning to develop 100 smart cities all
over the country. Urban retrofits will form part of the
program. German development cooperation could con-
tribute its experience in this field and connect the ini-
tiative with the results of the NPZ (Nationale Plattform
Zukunftsstadt) and the respective Strategic Research
and Innovation Agenda of the German government
presented in 2015.

Create Good Practice Examples - Leading the Way to
Industry 4.0: The good practice examples should facili-
tate joint learning from practical experience in differ
ent sectors and cities. There is a need and opportunity
to promote Industry 4.0 in developing and emerging
countries in order to keep up with developments in e.g.
Germany, Europe, Japan, China and the USA. Joint in-
itiatives could be undertaken in selected manufactur-
ing sectors such as automotive, microelectronics, IT,

pharmaceuticals and food processing in order to explore
the opportunities for Industry 4.0 technologies, consult
industry with regard to appropriate technologies and
their introduction, establish transfer projects and create
good practice examples. The creation of international
peerto-peer networks between cities and other institu-
tions could be a first step here to foster international
exchange and joint action. As good practice examples
cannot be established everywhere at the same time,
one approach would be to start with one carefully cho-
sen example agreed upon by all the relevant parties. It
should include the most important aspect of Advanced
Manufacturing: intelligent production controlling the
production processes by Cyber-Physical Systems and
incorporating the appropriate Industry 4.0 interfaces/
standards between the business, production, and logis-
tics levels, and it needs to include several tiers of sup-
pliers, among them also MSMEs. India could be a suita-
ble country for establishing a peerto-peer network and
good practice case. The good practice example should
be geared towards facilitating Industry 4.0-based pro-
duction and logistics processes among a small set of
MSMEs and exploring and supporting the develop-
ment of favorable framework conditions in a small or
mediumsized Indian city. The good practice example
should be accompanied by Industry 4.0 discussion fora
and standards activities.
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Introduction

1 INTRODUCTION - BACKGROUND TO THE PROJECT

Industry 4.0 and Advanced Manufacturing are topics of high
international relevance. They are currently the subject of in-
tensive debate both in the academic literature and in the
practical context of what has become known as the 4" in-
dustrial revolution, a phenomenon based on CyberPhysical
Systems (CPS), the Internet of Things (I0T) and Services and
cloud computing. They are highly dependent on the avail-
ability of adequate digital infrastructure and well-functioning
logistics systems and they have a number of repercussions for
cities and regions. Accordingly, it is surprising that little work
has been done to date on the interrelations between Industry
4.0/Advanced Manufacturing and urban development.

With its project on "Advanced Manufacturing/Industry 4.0
and Urban Development - Connected, sustainable and
urban economic activities in the industrial sector in the
context of local, regional and global ICT-based value and
logistics chains using the example of selected Indian me-
tropolises”, which was funded by the Deutsche Gesellschaft
fiir Internationale Zusammenarbeit (GIZ) GmbH and com-
missioned by the Federal Ministry for Economic Coopera-
tion and Development (BMZ), acatech, the National Acad-
emy of Science and Engineering, is therefore addressing a
new field of academic and practical interest, especially as it
also adopts an international development cooperation per
spective. The project was carried out in close cooperation
with the Indian National Academy of Engineering (INAE).

The six studies commissioned as part of the project focused
on Advanced Manufacturing, logistics and urban develop-
ment. For each of these three themes, one of the studies
was written by a German expert team and one by a team of
Indian experts. Reference to Industry 4.0 was made wher-
ever possible and necessary. The main authors of the Ger
man studies are members of acatech, while the majority of
the Indian authors were appointed by the INAE.

The study on “Requirements for and impacts of ICT-based
Advanced Manufacturing with special reference to an

international context” focuses on establishing the require-
ments for international integrated networks to support
Advanced Manufacturing based on the current state of Ad-
vanced Manufacturing capabilities in terms of Industry 4.0
and the deployment of CPS, as well as identifying the gaps
between these requirements and the current state of play.
It also identifies potential benefits, especially for MSMEs,
from international cooperation in Advanced Manufactur
ing, using the example of the automotive and electronics in-
dustries. Furthermore, it examines the requirements for and
impacts of successful international integrated Advanced
Manufacturing networks. The report is titled: “Potential of
Information and Communication Technology and its Im-
pact on Advanced Manufacturing with Special Reference to
the International Context” (Klocke, 2015).

The study on “Requirements for and Impacts of ICT-based
Advanced Manufacturing with special reference to the In-
dian context” (Tiwari, 2015) placed particular emphasis on
determining the requirements for international integrated
networks to support Advanced Manufacturing based on
the current state of Advanced Manufacturing capabilities
in terms of Industry 4.0 and the deployment of CPS, with
special regard to networks of enterprises involving Indian
companies. It also focused on identifying the gaps between
these requirements and the current state of play. It deals in
particular with country-specific issues relating to the objec-
tives for delivering a complete picture of the requirements
with special reference to India.

The study on “Requirements for and Impacts of Logistics
for ICT-based Advanced Manufacturing with Special Refer-
ence to Urban Development” establishes the main (local,
national and international) technical logistics requirements
for supporting internationally integrated industrial cooper-
ation and Advanced Manufacturing, as well as identifying
the gaps between these requirements and the current state
of play. It further identifies industries where logistics plays
a key role in enabling Advanced Manufacturing and which
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could therefore benefit from international cooperation in
Advanced Manufacturing employing integrated logistics
ICT systems. It also pays particular attention to the impact
on MSMEs. The study is titled: “Logistics integration of sup-
pliers from India in supply chains of German manufacturers
- requirements and key action fields under an Industry 4.0
perspective” (Kuhn, Hegmanns, Schmidt, 2015).

The study on "Requirements for and Impacts of Logistics for
ICT-based Advanced Manufacturing with Special Reference
to Urban Development in India” focuses on the above logis-
tics-related issues with special reference to India. It empha-
sizes logistics requirements and their impact on local (ICT)
innovation, human capital, education, urban infrastructure
and development such as resource and energy efficiency,
environmental protection, local policy and manufacturing
governance. The study is titled: “Path to Growth: Technolo-
gy Enabled Logistics in India” (Viswanadham, 2015).

The study on “Interrelations between Advanced Manufac
turing and Urban Development - the case of metropolitan
areas in India" (Sitharam, 2015) highlights current trends
in urbanization in India including existing shortcomings
and bottlenecks, and it discusses the urban development
conditions required for Advanced Manufacturing, as well as
possible consequences of Advanced Manufacturing for ur-
ban development in the case of metropolitan areas in India.

Finally, the study on “International perspectives of inter-
relations between Advanced Manufacturing and urban
development” has a wider scope. It deals with major
trends and urban development preconditions with regard
to Advanced Manufacturing, major potential positive and
negative effects of Advanced Manufacturing for urban de-
velopment in an international context and policy recom-
mendations for international development cooperation.
The study is titled: "Advanced Manufacturing - Why the
City Matters. Perspectives for international development
cooperation” (Miiller, Schiappacasse, 2015).

A field visit to India was undertaken by the members of
the project management and authors of this position pa-
per between May 6 and May 18 2014 in order to discuss
project issues with experts in India. A joint GlZ/acatech/
INAE symposium was held in early September 2014 in or-
der to discuss the results of the studies and to formulate
recommendations for German international development
cooperation, with special reference to the German-Indian
context. Reference was made to the German Digital Agen-
da 2014-2017, the GIZ "Quality of Growth" concept, the
GIZ/ICLEI discussion paper on the "Green Urban Economy”
and the BMZ document on “Managing Urbanization - to-
wards sustainable cities". The discussion on the German Na-
tional Platform City of the Future (NPZ: Nationale Plattform
Zukunftsstadt) was also taken into consideration. On the In-
dian side, the National Manufacturing Plan, the 12* 5 Year
Plan 2012-2017 and the 100 Cities Program of the National
Government were among the subjects discussed.

In the remainder of this report, we will begin by providing a
brief description of the concept of Industry 4.0 and its rela-
tionship with Advanced Manufacturing, logistics and urban
development (Chapter 2). Industry 4.0 is then discussed in
the contexts of “Quality of Growth", the "Green Urban Econ-
omy" and "Sustainable Urban Development”, as defined
and interpreted by German international development co-
operation (Chapter 3). Finally, Chapter 4 presents a number
of conclusions and recommendations for international de-
velopment cooperation.

This position paper is mainly explorative in nature as
there is neither sufficient scientific nor practical experi-
ence worldwide on the relation between Industry 4.0 and
urban development. It attempts to rather develop first hy-
potheses on the topic than provide data driven or case
based analytical evidence. Taking this into consideration,
possible future directions of research and practice with
special regard to German international development pol-
icy are drawn.



The authors would like to thank all the parties who made
this project possible. We would especially like to thank the
BMZ and GIZ for their financial support, enthusiasm and
advice. Special thanks also go to INAE for its generous sup-
port with regard to all issues relating to the Indian studies
and the organization of the final symposium in New Delhi
in September 2014.

Introduction

The work was conducted in a fruitful and constructive atmos-
phere and the authors are particularly grateful to the German
Embassy in New Delhi, the local GIZ and KfW representatives
and the German Consulate General in Bangalore on the Ger
man side, as well as INAE on the Indian side, for their help,
suggestions and cooperation before and during the field trip
to India and throughout the entire duration of the project.
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2 THE EVOLUTIONARY PATH TO INDUSTRY 4.0, ITS
CHARACTERISTICS AND ROLE AND ITS IMPACT ON

URBAN DEVELOPMENT

The term “Industry 4.0" was coined in Germany by the Ger
man Federal Ministry of Education and Research (BMBF),
the Federal Ministry of Economic Affairs and Energy (BMWi),
the Research Union of the German Federal Government, the
body in charge of implementing the government's high-tech
strategy and acatech, in order to denote the process of close
integration of information and communication technologies
(ICT) in manufacturing and logistics through the potential
deployment of Cyber-Physical Systems (CPS), leading to a
"4t industrial revolution”. CPS enable continuous data col-
lection and analysis across entire value networks through
Machineto-Machine (M2M) communication using the In-
ternet of Things (IOT). There are several research programs
funded by the BMBF and the BMWi, while German industry
is also very actively involved in these programs. Large indus-
trial and business associations such as the VDMA, ZVEI, and
BITKOM have created the “Industrie 4.0" platform in order
to coordinate progress in this key field.

There is a tendency to talk about revolutions even when ma-
jor social and economic changes come about over long peri-
ods of time and appear to occur in a more evolutionary than
revolutionary manner. This is especially true of the “industrial
revolutions”. Previous radical industrial changes in produc-
tion technology may seem to have taken the shape of revo-
lutions, but a closer look reveals that they were in fact much
more evolutionary in nature. The same is true of the impact
of the different industrial revolutions on urban development.
The path to Industry 4.0 will also be evolutionary (Figure 1).

While the first industrial revolution was triggered by large,
centralized water and steam-driven mechanical production
equipment that enabled products to be manufactured more
quickly and in larger quantities than before, it took almost
a century before they came to be ubiquitously employed
in production processes at the start of the second indus-
trial revolution. During this period, the new production

technologies led to large-scale urbanization of former rural
settlements and contributed to urban growth.

Interestingly, the second industrial revolution was triggered
by the opportunity to decentralize the electric power sup-
ply, enabling the introduction of relatively inexpensive and
much smaller drive units for conveyor belts. The assembly
line concept broke down many production steps into indi-
vidual processes so that employees could become more spe-
cialized and production costs could be significantly reduced.
This had several consequences for urban development in
an increasingly industrialized world. On the one hand, pro-
duction sites became larger and increasingly disruptive and
urban growth was accelerated, often leading to extremely
poor living conditions for the working classes. This had an
impact on the development of new suburbs with better
sanitary and health conditions, as well as improved urban
hygiene. On the other hand, mass production made auto-
mobiles in particular increasingly affordable for the growing
middle classes. This contributed to urban sprawl and the
clear separation of land uses in the rapidly growing urban
areas, e.g. between industrial and residential areas.

Another century would pass before the start of the third
industrial revolution in which the introduction of the first
Programmable Logic Controllers (PLCs), electronics and in-
formation technologies in the late 1960s would make indi-
vidual production steps much smarter than in the past. On
the urban and regional development front, new hopes were
nurtured that ICT could help remote areas to become more
competitive and more attractive to businesses and people.
It was also hoped that the long commuting distances as-
sociated with living in remote locations or in cities on the
periphery of metropolitan areas would no longer be a dis-
advantage thanks to the new opportunities that telework-
ing provided for working from home, at least on a parttime
basis. Nevertheless, there was also a trend towards a return
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Figure 1: Industrial revolutions and urban development
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Source: Developed by the authors, 2014, based on German Research Center for Artificial Intelligence

to more compact city structures, and the eco-city concept
started to become more and more prominent. The concepts
of “intelligent cities”, “ubiquitous cities” and “smart cities”
would be developed later on, enabling better services and
facilitating the use of ICT in everyday life. These concepts

continue to characterize the current debate.

It would be another 50 years before further innovations en-
abled another step improvement in productivity, ushering in
the dawn of a fourth industrial revolution based on the de-
velopment of miniature CyberPhysical Production Systems
(CPPS) and specialized CyberPhysical Systems. These are
tiny data processing units with communication capabilities
that use sensors as interfaces to the real world, for example
positioning sensors (RFIDs, AGPS, etc.). They are integrated

into electronic and mechanical parts - mechatronics, soft:
ware technology and networking are the principal basic
components of the Internet of Things (10T) and Services. Fun-
damentally, it is the ability to assign identities to extremely
small batches of products and materials and to locate them
precisely that enables the key Industry 4.0 functions of track-
ing the items involved in production processes at each level
of the supply chain, inside and outside of the factory. The
I0T is thus a digital representation of real-world production,
enabling smart planning, optimization and control of pro-
duction steps and each section of the supply chain.

However, this automation of complete process networks
comes at a price: CPPS systems have an inherent com-
plexity that can no longer be handled by the planning,
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optimization and control systems of yesterday - it simply
isn't feasible to keep tabs on millions of nodes in a net:
work. This problem can be overcome through a paradigm
shift in which computation processes involving the digital
representations of production items are decentralized and
much more autonomy is assigned to these sub-processes
(Klocke, 2015; Kuhn, Hegmanns, Schmidt, 2015).

In order to facilitate the necessary information flow, a com-
prehensive broadband infrastructure is required for industry,
along with new communication standards at the applica-
tion level so that the subsystems are able to communicate
with each other irrespective of their physical location in the
real world, thereby implementing the 10T. The industries
best suited to the introduction of Industry 4.0 functions are
the automotive, mechanical engineering, electrical, chemi-
cal, food processing and ICT industries.

Data and information safety and security and their protec-
tion against misuse and unauthorized access are critical to
the success of Industry 4.0. In Industry 4.0, factories” work
organization and the role of employees will change signifi-
cantly. Participatory work design and lifelong learning will
be necessary, as well as training and continuing profession-
al development. Regulatory frameworks will also need to
be adapted to Industry 4.0 innovations in terms of legal
compliance, protection of corporate data, liability issues,
the handling of personal data and trade restrictions.

The expected benefits of Industry 4.0 include increased pro-
ductivity and efficiency thanks to a reduction in manufac
turing uncertainties, as well as resource efficiency thanks
to optimization of manufacturing industry's consumption
of raw materials and energy. Industry 4.0, together with
Logistics 4.0, can thus make a positive contribution to envi-
ronmentally-friendly industrial production and resource effi-
ciency. Because of its focus on increasing energy efficiency,
Industry 4.0 may also have a positive impact on climate
change mitigation.

The consequences of Industry 4.0 for urban development are
not yet clear. Industry 4.0 can clearly play a role in the contin-
ued development of integrated and inclusive smart city con-
cepts and it has the potential to change urban development
patterns. It may bring industry back to the city, as cleaner,
environmentallyfriendly production is much less adverse to
other land uses such as housing than previous production
technologies. This may have positive consequences for the
realization of the “compact city” and the “city of short dis-
tances”, both of which support more sustainable urban devel-
opment. However, there is also a number of challenges. For
example it is argued that Industry 4.0 may have adverse ef
fects on equity and social inclusion in cities as it may further
strengthen the position of better educated and more capble
persons while leaving the underpriviledged parts of society
behind. Moreover, Industry 4.0 makes high demands on fa-
vorable urban structures and infrastructure conditions as well
as functioning planning mechanisms and good governance.
Furthermore, one should also not underestimate disruptions
in residential areas, e.g. by commuters and the transport of
goods, which may be caused by more flexible Industry 4.0
oriented and 24 hours operating production processes.

The promotion of the Industry 4.0 concept is not confined
to Germany. In the international context, the debate is
closely linked to the development of Advanced Manufac
turing concepts, although this is by no means a new topic.
Within academia, for example, “The International Journal
of Advanced Manufacturing Technology”, one of the major
peerreviewed journals in the field, has been published by
Springer since 1985, with 36 issues a year. At a practical
level, meanwhile, there are many approaches around the
world towards the continuous improvement of industrial
production through the use of Advanced Manufacturing
technologies (AMT).

Nowadays, this topic ranks high on research agendas
and several programs have already been initiated. Com-
panies have established pilot projects in conjunction with



universities and other research institutions. In October 2012,
for example, the European Commission issued a Communi-
cation to the European Parliament, the Council, the Europe-
an Economic and Social Committee and the Committee of
the Regions on A Stronger European Industry for Growth
and Economic Recovery”. Markets for AMT geared towards
clean production were mentioned as one of six priority areas.

The Communication describes AMT as “a key part of the
new industrial revolution. For example, 3-D printing allows
production in much smaller quantities than is current
ly economically feasible, enabling low-cost customised
production for new niche products and opening up new
market opportunities for innovative MSMEs. Tomorrow's
factories will use highly energy- and material-efficient
processes, employ renewable and recycled materials, and
increasingly adopt sustainable business models such as
industrial symbiosis to recover materials and dissipated
heat and energy. These technologies represent an impor-
tant business opportunity, with a global market that is ex-
pected to double in size to over € 750 billion by 2020. EU
industry is already a world-leader in these technologies,
with a world market share of over 35 % and a patent share
of over 50 %." (European Commission, 2012, p. 8).

The European Union Task Force on Advanced Manufactur
ing for Clean Production recommends the integration of
Advanced Manufacturing into regional strategies when
appropriate and makes reference to the Structural Funds
2014-2020, in particular the European Regional Devel-
opment Fund (ERDF), as a source of funding for the de-
ployment of Advanced Manufacturing by companies in
European regions. “To maximise the ERDF impact towards
smart and sustainable growth, under the 2014-2020 pro-
gramming period, the ERDF rules provide for investments
to be concentrated on four key thematic objectives: (1)
innovation and research, (2) the digital agenda, (3) sup-
port for MSMEs and (4) low-carbon economy. [...] However,
as a precondition for the use of the funds the needs for

The evolutionary path to Industry 4.0

such investments would have to be included in the smart
specialisation strategy.” (European Union, 2014, p. 17)

The EU has also set up a program called Manufuture-EU as
part of Horizon 2020. Its mission is to "propose, develop
and implement a strategy based on Research and Innova-
tion, capable of speeding up the rate of industrial transfor
mation to high-added-value products, processes and servic-
es, securing high-skills employment and winning a major
share of world manufacturing output in the future know-
ledge-driven economy.” (MANUFUTURE, 2004).

Europe is not alone in its efforts to promote Advanced
Manufacturing. For example, the US government pub-
lished a “National Strategic Plan for Advanced Manufac-
turing” in February 2012. It states that Advanced Manu-
facturing "is a matter of fundamental importance to the
economic strength ... of the United States” (National Sci-
ence and Technology Council, 2012, p. vii). In 2012, an in-
itiative called the "Smart Manufacturing Leadership Coa-
lition (SMLC)" was launched in the US. This is a non-profit
organization of manufacturing businesses, their suppliers,
universities and scientific institutions, government agen-
cies and technology companies. The goal is to develop
concepts, standards, platforms and infrastructures in order
to facilitate the broad adoption of “intelligent manufac-
turing” (Smart Manufacturing Leadership Coalition 2014).
General Electric (GE) has launched an initiative with sim-
ilar goals called “Industrial Internet”, aimed at bringing
together intelligent machines, advanced analytics and
people in the workplace. GE is also involved in the SMLC
initiative (Evans and Annunziata, 2012).

In Germany, Industry 4.0 is among the top priority themes
of the National High-Tech Strategy. It has become an estab-
lished part of both the policy and research agendas. The
German government's recently published Digital Agenda
2014-2017 highlights Industry 4.0 as an important means
of safeguarding sustained growth and continuously high
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employment rates. It emphasizes the need to get better at
tapping into the innovation potential of medium-sized en-
terprises in particular and underlines the role of startups.
The Digital Agenda aims to improve the framework condi-
tions for harnessing existing potential.

Nevertheless, the debate about future cities has been slow
to incorporate Industry 4.0, even though it is in fact con-
nected with urban development in many ways. One of the
initiatives that links Industry 4.0 and Advanced Manufac
turing with urban development is the “Morgenstadt” (city
of tomorrow) Initiative being carried out by Fraunhofer,
Europe's largest application-oriented research organization.
This initiative describes the link between the city of the fu-
ture on the one hand and production and logistics on the
other as follows: “In the future, city transportation and han-
dling of goods will happen fluently within intelligent struc-
tures of production and distribution - presenting the back-
bone of sustainable trade, services and urban production.
At the same time, essentials have to be provided at any
time to all citizens. The city of tomorrow will be involved
more deeply in the provision of production and logistic
services by providing, planning and monitoring specific ur
ban infrastructure and services for production and logistics.
(Morgenstadt).” (Fraunhofer Gesellschaft, n.d.)

Furthermore, “In the city of the future, life and work will be
characterized by short distances and by the freedom to real
ize individual life- and work styles. At the same time, people
will have multiple opportunities for participating in decisions
on the development of their city. Rigid value chains will be
replaced by innovative and flexible value patterns. Regard-
ing consumption and economy, the possession of goods will
be less important than the sustainable use of goods and
systems. Inhabitants of Morgenstadt won't be exclusively
consumers anymore - they become prosumers: producing
consumers.” (Fraunhofer Gesellschaft, n.d.). Fraunhofer has
chosen “Production and Logistics” as one of its 7 research
fields in the future city research initiative. The others research

fields are Energy, Buildings, Mobility, Information and Com-
munication, Urban Processes and Organization, and Security.

Finally, Industry 4.0 has also made its way into the German
urban research and innovation agenda. The German Na-
tional Platform City of the Future (NPZ: Nationale Plattform
Zukunftsstadt), a major initiative involving four federal min-
istries under the leadership of the BMIBF2, has defined major
future research topics on urban issues in Germany. The NPZ
results published in early 2015, point to the importance of
Industry 4.0 and ICT-driven urban development in urban
research. In the Strategic Research and Innovation Agenda
of the German government, Industry 4.0, logistics as well
as their linkages with urban development (“City 4.0") are
among the major strategic research themes for the future
in Germany. The Strategic Research and Innovation Agen-
da could act as an important link for activities regarding
Industry 4.0, logistics and urban development within the
framework of the German international development coop-
eration on urban issues.

There is also a very interesting link with recent development
in India. The Indian government is in the process of im-
plementing a new “100 Cities Program". It wants to create
100 eco- and “smart” urban settlements all over the coun-
try as a path towards smart growth and sustainable urban
development (India Briefing, 2014). Although the details
of the program are not yet clear, re-urbanization schemes
and urban retrofits seem to be among the elements includ-
ed in the program. Conceptually, this strategy is connected
with the Indian Corridor Concept which was formulated to-
gether with JICA and which aims to improve infrastructure
conditions in the country. The Indian-Japanese agreement
concluded in August 2014 mentions large-scale Japanese
investments spread over five years. Similarly, in Septem-
ber 2014, China pledged to fund two industrial parks and it
has also committed to large-scale investments over the next
five years. Meanwhile, other countries are in the process of
implementing similar activities.



Industry 4.0 and its linkages

3 INDUSTRY 4.0 AND ITS LINKAGES WITH
QUALITY OF GROWTH, THE GREEN URBAN
ECONOMY AND SUSTAINABLE DEVELOPMENT
OF METROPOLITAN REGIONS

3.1 BACKGROUND

Quality of growth is a guiding mission of German develop-
ment cooperation as far as sustainable economic develop-
ment is concerned. High-quality economic growth is seen as
a prerequisite for productive and decent employment, which
is in turn crucial for poverty eradication and for promoting
equitable economic and social development (GIZ, n.d.).

GIZ has defined the following dimensions of high-quality
growth:

— Smart growth3, i.e. the promotion of productivity and
competitiveness by encouraging the development of a
knowledge- and innovation-based economy.

— Sustainable growth, i.e. environmental sustainability
where the economic development of one generation
does not constitute a burden to future generations, as
well as the transition to a green economy.

— Inclusive/shared growth, i.e. the productive participa-
tion of all sectors of society in economic processes.

— Resilient growth, i.e. the reduction of economic volatil-
ity and mitigation of vulnerability to economic crises
and their impacts.

— Integrated growth, i.e. improvement of the framework
conditions for the cross-border exchange of goods and
services.

— Governance for growth, i.e. the establishment of strong
institutions and transparent, participatory decision-
making processes.

These dimensions provide a valuable framework for assess-
ing whether and how a new theme might fit into the scope
of German development cooperation. They are used here

as a guideline for our analysis. In respect to Smart Growth,
Industry 4.0 concepts will clearly contribute to the concept
of Smart Manufacturing Ecosystems:

They "must combine four capabilities: human skills, embod-
ied technology in hardware, knowledge (intellectual prop-
erty) and a large and demanding customer base. All four
components grow together to create a productive and com-
petitive industry.” (India Planning Commission, 2013b, p.58).

It is also possible to examine the linkages between Indus-
try 4.0 in an urban context and concepts for the green ur-
ban economy and sustainable development of metropoli-
tan regions. While these two concepts are closely linked
with the "quality of growth" approach, they have a wider
scope and transfer quality of growth to an urban context.
The boundaries between the three approaches are soft and
there are many overlaps.

The Green Urban Economy is a concept that translates the
international and national debates about a green economy
to the urban context in order to address urban stakeholders.
It is based on the assumption that, in a future where the
world is predominantly urban, cities should be pioneers of
the transition to a green economy. Key elements of a Green
Urban Economy as defined by German development coop-
eration include the following (BMZ, 2014):

— Inclusive economic growth: "Future growth strategies
must no longer focus on quantitative goals alone. Rath-
er, there must be qualitative growth that benefits broad
sections of the population. In cities in particular, there
is a growing gap between rich and poor, and there are
growing groups that do not enjoy adequate social and

2 The term "smart growth" as used in this report has to be distinguished from the same term when used in urban planning and development. In
the US, for example, “smart growth" is used as a rather widely accepted synonym of “sustainable urban development”. Smart growth concepts
in planning try to restrict urban sprawl and to achieve more compact cities.
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economic participation.” (BMZ, 2014). This is where the
linkage with "quality of growth" becomes most evident.
Literally, inclusive economic growth refers to the inclu-
sive/shared growth dimension. However, the above de-
scription demonstrates that it also encompasses other
dimensions of the “quality of growth" approach, such
as governance for growth, for example.

— Environmental compatibility: “It is essential that eco-
nomic growth be decoupled from resource consumption
and greenhouse gas emissions. This can be done, for
example, by encouraging innovation and environmen-
tally sound technologies. Thanks to their high popula-
tion density, cities offer opportunities for the establish-
ment of efficient infrastructure networks.” (BMZ, 2014).
This issue has a particular linkage with the sustainable
growth dimension of “quality of growth”. Linkages with
the smart growth dimension are also apparent.

— Poverty reduction: “Inclusive, ecologically sound growth
must be geared toward reducing poverty and giving
people opportunities in life. This needs to result in more
income opportunities, especially in the low-income
sector and in the urban informal sector, and improved
access to basic municipal services for the poor and in
informal settlements.” (BMZ, 2014). This ties in well
with the inclusive/shared growth dimension of "quality
of growth”, with special emphasis on the urban poor.

— The sustainable development of metropolitan regions
as defined by German development cooperation is an
approach that responds to the needs of urban agglom-
erations and metropolitan regions and seeks to improve
their governance structures. Four priority multi-sectoral
areas have been defined as relevant to German develop-
ment cooperation (BMZ, 2014):

— Metropolitan regions as innovative business regions:
“Metropolitan regions provide a venue for the exchange
of goods and information between local, national and
global businesses. They attract knowledge-based compa-
nies and they promote and implement new ideas that fa-
cilitate sustainable economic activity. For this to happen,

however, it is essential to create an appropriate frame-
work." (BMZ, 2014). This aspect incorporates most of the
features of quality of growth in an urban context.

— Metropolitan regions as inclusive labor markets and
residential centers: “By virtue of their economic growth,
metropolitan regions provide a wide range of services
and jobs from which poor people can also benefit. [...]"
(BMZ, 2014). This aspect addresses the inclusive/shared
growth dimension of the “quality of growth” approach.

— Metropolitan regions as dense “nexus” networks: “With
so many people and so much production and consump-
tion concentrated in one area, metropolitan regions
devour tremendous amounts of energy and natural re-
sources. However, given the tightly woven geographical
and sectoral links that exist in metropolitan regions,
there are good opportunities for improving the efficien-
cy of their material and energy cycles. ..." (BMZ, 2014).
This aspect is partly related to the sustainable growth
dimension of “quality of growth".

— Metropolitan regions as governance systems: “New
governance structures are needed for urban agglom-
erations in order to organize and control the multi-sec-
toral challenges they face. .." (BMZ, 2014). There is a
close link between this aspect and the governance for
growth dimension referred to above.

All three above described approaches, i. e. Quality of Growth,
Green Urban Economy, and Sustainable Urban Development,
share a number of overlaps and linkages. Whereas the “qual-
ity of growth” approach is focused on economic development
in general, the “green urban economy” and “sustainable de-
velopment of metropolitan regions” concepts translate qual-
ity of growth into the urban development context. The next
section uses the quality of growth approach as a basis for
further analysis. Wherever possible and feasible, references
are made to the other concepts. After a number of general
observations about Industry 4.0, the Indian situation will be
highlighted. Reference will be made to the urban context in
general and specifically in India.



3.2 SMART GROWTH

Industry 4.0 contributes to smart growth and promotes
the development of metropolitan regions and cities into
innovative business regions. Since manufacturing indus-
try around the world is an important part of the global
knowledge society, innovations such as Cyber-Physical
Production Systems (CPPS) and the Internet of Things
(10T) and Services drive innovation in Advanced Manu-
facturing and Advanced Logistics. The requirements for
new hardware devices, sensors and software architectures
to handle the complexity of the processes in global pro-
duction and supply networks will lead to completely new
solutions, including Internet services through Internet ap-
plications for manufacturing and logistics (Tiwari, 2015;
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Klocke, 2015). This development will occur mainly in
metropolitan regions and larger urban areas (Miiller,
Schiappacasse, 2015).

In India, the status of Advanced Manufacturing and
Logistics is of special importance, since manufacturing
has grown more slowly than GDP over the past 15 years
and manufacturing's share of GDP has stagnated at
about 15 % (see Fig. 2). In recognition of this situation,
the National Planning Commission has chosen to priori-
tize productivity gains over the preservation or creation
of jobs: "1.14. The Twelfth Plan's strategy for growth de-
pends crucially on productivity gains as one of the key
drivers of growth. Productivity is the additional contribu-
tion to growth after taking account of the effect of capital

Figure 2: Manufacturing in India in comparison to other countries

Manufacturing needs to grow at higher than GDP growth to capture better share of GDP

Manufacturing GDP Growth for most
Countries higher than GDP Growth

Growth rate for 1999-2009

GPD
China _ 103% [99%
India 6,8 % 7,0 %
Malaysia 6.7 % 39%
Poland 6,7 % 4.8 %
Thailand 6,6 % 53 %
Russia 6,6 % 4,0 %
Egypt 54 % 4,9%
Hungary 5% 25%
South Korea 4,4 % 4.9 %
Turkey 39% 3,6 %
Brazil 2,7 % 33%
Argentina 22% 33%
Germany 0.8 % (0.8) %
Japan 0,6 % (1.3) %
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Share of manufacturing GDP in India is low at
15 % when compared to other economies

Share of manufacturing GDP

Thailand 36 %
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Source: Economic intelligence Unit, Data Monitor, Euro-Monitor, World Bank Work Development Indicators, BCG analysis, quoted in India Planning
Commission 2013b, p. 52
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accumulation and growth in labour. These traditional
sources of growth are not likely to be enough for India in
the coming years and we must therefore focus much more
on productivity improvements among all constituents: big
businesses, MSMEs, farmers and even government. This
can be done by improving the business regulatory environ-
ment, strengthening the governance capacity of States,
investing more in infrastructure rather than subsidies, and
by using Science and Technology (S&T) to drive innova-
tion." (India Planning Commission, 2013a, p. 4).

A closer look at manufacturing industry reveals that the
Micro, Small and Medium Enterprises (MSME) sector has
emerged as the most dynamic sector of the Indian economy
in recent decades. This sector contributes about 45 % of the
country's manufacturing output and 40 % of total exports,
and employs about 69 million people in over 29 million
businesses nationwide. Within the MSME sector, there is a
significant concentration of micro-enterprises, both in terms
of the number of enterprises (94.9 %) and employment
(69.2 %), whereas just 4.9 % are small enterprises account
ing for 26 % of total employment. MSMEs manufacture over
6,000 products, ranging from traditional to high-tech items
(India Planning Commission, 2013b, p. 65). Again, this de-
velopment has mainly benefited metropolitan regions and
urban areas. It is worth noting that many successful and in-
novative companies do not necessarily reside in the core are-
as of metropolitan regions but have instead chosen to locate
on their periphery, due to a variety of reasons such as land
availability, land prices, lot sizes, etc. (Sitharam, 2015).

In this context, it is clear that Industry 4.0 concepts could
play an important role in the development of Indian
manufacturing, since they support the smart growth tar-
geted by the manufacturing plans for both the domestic
and export markets.

In view of this strategy, which also includes substantial in-
vestments by the National Industrial Corridor authority in

order to upgrade infrastructure facilities and to develop 20
new industrial clusters, as well as the very ambitious plans
to develop 100 smart cities, Advanced Manufacturing that
implements Industry 4.0 concepts could be a valuable area
of cooperation between Germany and India.

Advanced logistics is an integral part of Advanced Manu-
facturing and an essential precondition for participating in
international value networks. Apart from the “hard infrastruc-
ture”, there is also a need for efficient logistics structures
among logistics companies (a very high percentage of Indian
trucks are driven by their owners) and a global software infra-
structure that enables tracking and tracing at any necessary
logistic object level. The highly developed Indian software
industry could fulfill a global need in this context.

Additional growth will come about as a result of the grow-
ing number of Second-Party Logistics Providers who will
take over the logistics functions previously handled by man-
ufacturers, as well as Third-Party Logistics Providers offering
manufacturers a one-stop solution for all their logistics ser-
vices (Viswanadham, 2015).

As logistics also plays a very important role in agriculture
and the service industry, there will be an additional benefit
to the Indian economy through technology spill-over effects
between the different sectors.

As the technologies for Advanced Manufacturing and
Logistics are already available in principle, industry and
government are called upon to take the necessary steps to
facilitate the following (MANUFUTURE 2004, Kuhn, Heg-
manns, Schmidt, 2015):

— strong ties between academia and the private sector to
foster innovation through research,

— transparency of organizations and information ex
change in value networks,

— examples of good industry practices,



— the necessary innovations, such as

— pertinent use of ICT throughout businesses,

— the synchronization of materials and information
flow within seamlessly integrated transport and
logistics systems,

— active participation in international standardization,

— a high standard of education and lifelong learning for
human resources,

— updating of the legal framework

— to reduce the risks for MSMEs,

— to reform the tax regime in order to reduce the tax
burden on firms engaging in R&D,

— to establish strict protocols for intellectual property
rights and

— to remove trade restrictions.

If India grasps this opportunity, Indian industry will be able
to improve its international competitiveness and grow at the
intended rate, climbing from the current 16 % of GDP to the
required rate of 25 % of GDP in 2017. Indian manufacturing
industry will then be in a position to significantly increase
its participation in global manufacturing, achieving healthy
productivity and creating the 100 million new jobs required
by the end of the 12 Five Year Plan in 2017.

All this may result locally in accelerated efforts to pro-
mote Advanced Manufacturing. However, until now Indian
metropolises are poorly prepared for such developments
(Sitharam, 2015): Adverse infrastructure conditions, e.g.
poor road networks, unreliable energy and water supply,
and il-functioning sewerage systems, are forcing industries
to locate their production sites in the urban periphery or in
ex-urban areas, and to establish their own infrastructure sys-
tems. Bangalore is a good example for such developments
as many industry and high-tech zones have been created at
the outer part of the city and metropolitan region respec-
tively (Fig. 3). This underlines how decisive better urban
planning and management, appropriate planning instru-
ments as well as transparency and good governance are
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so that Industry 4.0 can make a positive contribution to
sustainable urban development.

3.3 SUSTAINABLE GROWTH

Industry 4.0 makes a contribution to sustainable growth.
It contributes to the green urban economy by reducing en-
vironmental impacts and fits well with the notion of met:
ropolitan regions as dense "nexus” networks by providing
them with the opportunity to improve their materials and
energy efficiency.

Sustainability combines environmental, economic and
social factors into a single concept. Legal instruments de-
manding sustainability have been used for a number of
years to implement national and European sustainability
objectives, e.g. the requirements to incorporate energy man-
agement systems and CO, emissions certificate trading.

The data basis available for Advanced Manufacturing and
Logistics is far superior to anything that existed previous-
ly, thanks to the collection of data by sensors throughout
the manufacturing and logistics processes. Additional
processing of the data on energy and material flows is
required in order to generate up-to-date information such
as key performance indicators. This is where recent cloud
technologies and Big Data analytics come into play. This
information can be used to measure and support sustain-
able growth, since the use of sensor systems and the asso-
ciated rise in the volume of available information, coupled
with flexible and intelligent control concepts, will result in
more efficient control and deployment of manufacturing
resources in general.

In order to measure industrial sustainability, a Product En-
vironmental Footprint (PEF) conceived as an instrument for
the standardization and creation of a shared understanding
of products' environmental impact is under development in
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Figure 3: Spatial distribution of existing and proposed land use for the Bengaluru Metropolitan area

Source: Sitharam 2015

Europe and has already been defined for selected sectors.
The PEF specifies and quantifies the environmental impact
of a product over its entire life cycle. The equivalent CO,
emissions during manufacturing, use, recycling or disposal
can contribute to the PEF assessment of the product's en-
vironmental impact. The PEF for the metal sheets product
group will take on an important role in the metalworking in-
dustry over the coming years. A total of 38 sustainability in-
dicators in the key areas of Quality of Life, Intergeneration-
al Justice, Social Cohesion and International Responsibility
quantify progress in measuring sustainability, including the
use of renewable energy (Klocke, 2015).
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In an industrial environment, major challenges arise simply
from the fact that considerable expertise and willingness
to invest are essential if energy and resource efficiency
measures are to be implemented. Measures are difficult to
evaluate, particularly in terms of their pay-back period and
long-term impact, and expertise based on past experience
is crucial to doing so successfully. Small and medium-sized
organizations in particular can only afford such evaluations
in situations where very considerable savings are expect
ed. In view of the requirements for sustainability, it is vital
to embed resource efficiency within business processes in
order to meet the demands of both energy management
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Figure 4: Example of an automatic Life Cycle Assessment in the context of Industry 4.0
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systems and energy conservation targets. It is important to
note that in addition to technological factors, both organi-
zational and social aspects in particular exert considerable
influence on any such effort.

In the longer term, it will be essential to conduct life cy-
cle assessments automatically, without the need for large
amounts of manual inputting. The conceptual framework is
outlined in Figure 4, where the outcome is an environmen-
tal audit that is drawn up automatically and parameterized
via the central control entities. It can be used to extrapolate
costsaving measures, to review the continuous improve-
ment process or even to initiate public relations activities.

In the Indian context, Cyber-Physical Production Systems
provide the option of implementing new forms of ener-
gy and resource efficiency in manufacturing. This is of

special significance where the development of new pro-
duction facilities in an international context permits the
introduction of new forms of resource-efficient production.
Some Indian companies have already taken steps in this
direction, e.g. the MARG group, an infrastructure develop-
ment company that has entered into a partnership with
the US-based Virginia Tech University to promote research
into sustainable technologies. They have established a
research center near Chennai that will cover broad re-
search areas in sustainable technologies such as water,
energy, renewable materials and nano-scale science and
engineering.

It will certainly be necessary to develop robust strategies
in India to mitigate the risks and challenges associated
with manufacturing growth using Industry 4.0 concepts
(Tiwari 2015):
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— high cost of the necessary technologies,

— energy optimization,

— location and adaptability risk,

— costeffectiveness of manufacturing products under sus-
tainability constraints in India,

— financial risks of new processes,

— growth in throw-away culture and changing consumer
demands,

— resource scarcity,

— climate change,

— waste disposal, waste and pollution control,

— energy security,

— carbon emission crediting and low ceiling of carbon
accounts,

— resource depletion, resource conflicts and resource-based
political power,

— government regulations to keep up with new business
models.

The Government of India has already taken the first steps,
establishing compliance assistance centers for MSMEs to
raise awareness of better environment management prac-
tices and policies for better compliance with environmental
regulations (Ministry of Micro, Small and Medium Enterpris-
es, 2012), emphasizing the strict laws aimed at protecting
the environment (Ministry of Micro, Small and Medium En-
terprises - Development Institute, n.d.a) and pollution con-
trol policy (Ministry of Micro, Small and Medium Enterprises
- Development Institute, n.d.b). The multiple opportunities
for resource optimization will promote manufacturing sus-
tainability, especially in the automobile, pharmaceutical,
energy, aerospace and electronics sectors where there is
also a strong tradition of German-Indian cooperation:

— strong links between academia, the private sector and gov-
ernment are necessary to follow through on sustainability,

— effective skills training programs pertinent to the differ-
ent target sectors and customized for all levels of the
skill pyramid ranging from technical to business skills,

— design of new collaborative resource consumption
models,

— design of business models for managing waste and re-
cycling and adopting cleaner technologies,

— encouragement of new industries based on energy
management and renewable energy concepts,

— development of environmentally-friendly materials,

— in contrast to the present dominance of road transport,
infrastructure alternatives could take the shape of inter-
modal transportation including a high-speed rail freight
network with cross-docking and distribution facilities at
the stations,

— product and materials distribution centers could be lo-
cated nearer to the railroad stations and also outside
the cities, in accordance with path of goods flow princi-
ples (Viswanadham et al., 2008, pp. 34-36).

Sustainability gains may also come from spatial issues
(Muller, Schiappacasse, 2015). Industry 4.0 may facili-
tate mixed urban development and contribute to the
realization of the “compact city” and the “city of short
distances”. Cleaner production and higher environmental
standards lead to better compatibility of industrial sites
with other land uses. Thus, industrial production can oc-
cur in close proximity to residential areas. Moreover, In-
dustry 4.0-based urban production has the potential to
operate with smaller lot sizes due to the modularization of
production, meaning that fewer storage facilities will be
required. This will allow production facilities to be better
integrated into existing urban structures or even located
as infill developments in urban regeneration areas.

However, the Indian experience shows that these new ur
ban development opportunities induced by Industry 4.0
will not come about automatically (Sitharam, 2015). Mar-
ket failures and inadequate governance structures, charac-
terized e.g. by unbalanced and uncontrolled land markets
and inadequate and unreliable infrastructure facilities, may
force companies to continue to locate on the periphery of



metropolitan regions. This is not only counterproductive in
terms of the realization of compact sustainable cities but
it also unnecessarily increases environmental impacts, e.g.
due to large employee commuting distances, especially in
cases where an efficient public transport system is not in
place. Like in the case of “smart growth", this demonstrates
the need for good governance, cooperation and modern
urban-regional planning.

3.4 INCLUSIVE/SHARED GROWTH

At first glance, the contribution of Industry 4.0 to inclusive
or shared growth may be less apparent than in the case of
the other dimensions of the "quality of growth" approach.
It may also not be immediately obvious how Industry
4.0-based production promotes a green urban economy,
e.g. in terms of inclusive economic growth and poverty
reduction, or how it can support metropolitan regions as
inclusive labor markets, which is one of the characteristics
of urban-regional sustainability. Industry 4.0 is often said to
be a job killer rather than a job creator, due to its inherent
automation of production processes. And it is often seen
as exclusive rather than inclusive in terms of socio-econom-
ic development. Thus, it may be argued that Industry 4.0
will not be able to substantially contribute to making cities
more inclusive.

However, these assumptions are not necessarily true in every
case. Industry 4.0 is oriented towards the modularization of
industrial production and the facilitation of lot size 1. Howev-
er, this does not mean that production requires fewer employ-
ees and that all production processes along the supply and
value chains have to be automated. Nevertheless, job profiles
will change in general, with increasing numbers of high-
erskilled jobs. This will require sound education programs
and vocational training activities in respective cities and
regions in order to increase regional Industry 4.0 readiness.
Moreover, it should be remembered that Industry 4.0-based
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production may create new opportunities for small local sup-
pliers and startups to become involved in national and/or
international value chains thus strengthening the economic
development of cities and regions. Furthermore, new job cre-
ation opportunities in ancillary industries and in the related
service sectors should also be taken into consideration.

Based on the available documents, it can be concluded that
the Indian government is aware of the two major aspects of
inclusive growth: - it should serve to generate employment
and help to provide the means to support people belonging
to hitherto excluded groups.

The India Planning Commission (2013a, p. 3) stated: “1.10.
There are two reasons why GDP growth is important for the
inclusiveness objective. First, rapid growth of GDP produces
a larger expansion in total income and production which, if
the growth process is sufficiently inclusive, will directly raise
living standards of a large section of our people by provid-
ing them with employment and other income enhancing
activities. Our focus should not be just on GDP growth itself,
but on achieving a growth process that is as inclusive as
possible. For example, rapid growth which involves faster
growth in agriculture, and especially in rainfed areas where
most of the poor live, will be much more inclusive than
a GDP growth that is driven entirely by mining or extrac-
tion of minerals for exports. Similarly, rapid growth which
is based on faster growth for the manufacturing sector as
a whole, including MSME, will generate a much broader
spread of employment and income earning opportunities
and is therefore more inclusive than a growth which is
largely driven by extractive industries.

1.11. The second reason why rapid growth is important for
inclusiveness is that it generates higher revenues, which
help to finance critical programmes of inclusiveness.
There are many such programmes which either deliver
benefits directly to the poor and the excluded groups, or
increase their ability to access employment and income
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opportunities generated by the growth process. [...] This
is also relevant for the sustainability objective since pro-
grammes aimed at making development more sustainable
also involve additional costs.”

It is important for the Indian government to strike a pru-
dent balance between these two approaches in order
to achieve its inclusion goals. It will certainly help that
MSMEs are already the driving force of employment in
India today. Industry 4.0 concepts promoted through
German-Indian cooperation can thus provide the neces-
sary preconditions for fostering much greater participa-
tion of MSMEs in national and/or international value net-
works, thereby creating or securing more jobs. Moreover,
as MSMEs usually lack the necessary R&D capabilities,
such cooperation will enable them to keep up with global
manufacturing innovations. Accordingly, the Indian gov-
ernment has created the National Innovation Council (In-
dia Planning Commission, 2013a, p. 279) in order to

— provide the enabling policy interventions,

— strengthen knowledge infrastructure,

— improve interinstitutional collaboration,

— provide a mechanism for funding business innovations
at all levels, especially micro, small and medium-sized
enterprises (MSMEs),

— provide a vision through a national-level innovation
roadmap.

Another very important aspect of inclusion in India is the
government project Aadhaar or Unique ID Program, which
enables authentication of residents’ identity in real time
anywhere in India. This project will create a foundation for
more transparent and efficient public service delivery and
is regarded internationally as a game-changing approach
to inclusion. By providing clear proof of identity, Aadhaar
will empower India's poorer citizens to access services
such as the formal banking system and give them the
opportunity to gain easy access to various other services

provided by the government and the private sector. The
program currently covers 600 million people (India Plan-
ning Commission 2013a, p. 283).

Regarding urban development is yet very difficult to esti-
mate whether Industry 4.0 will have more positive conse-
quences for achieving more inclusiveness, or whether ad-
verse effects may prevail. Further studies should carefully
take into consideration whether and how cities support
better education, knowledge creation, and the intergration
of small enterprises which hitherto have not had chances to
integrate themselves into overarching value chains.

3.5 INTEGRATED GROWTH

There can be no doubt that Industry 4.0 contributes to inte-
grated growth. As the global manufacturing industry relies
on international value chains, integrated growth is a direct
consequence of Advanced Manufacturing and Advanced
Logistics at the international level. An important prerequi-
site is the international transport of materials and goods
(Tiwari, 2015; Klocke, 2015; Viswanadham, 2015; Kuhn,
Hegmanns, Schmidt, 2015).

In India, the National Planning Commission clearly recog-
nizes this fact as being valid with regard to both the na-
tional transport network and international value networks
(India Planning Commission 2013b, p. 197): “First, a more
integrated approach is required to be taken of transport
as a whole. Our vision for transport should be guided by
a modal mix that will lead to an efficient, sustainable,
economical, safe, reliable, environmentally friendly and re-
gionally balanced transportation system. Choices will need
to be made on the priorities to be placed on different in-
vestments. Decisions on road expressways, dedicated rail
freight corridors, high-speed trains and movement through
inland waterways or coastal shipping must be taken holis-
tically so that the objective of speed and efficient energy



usage is achieved. Policy decisions should be based on life
cycle energy costs of different transport modes.”

In order to enable smooth international logistics, it will
also be important to foster the transition from Second-Party
Logistics Providers to Third-Party Logistics Providers offering
a one-stop solution for all manufacturers' logistics services
(Viswanadham, 2015).

Given that the technologies for Advanced Manufacturing
and Logistics are already available, industry and govern-
ment are called upon to take the necessary steps to resolve
the legal, economic and infrastructure constraints, e.g.

— clear and simple import and export regulations,

— removal of regulations stipulating minimum Indian
ownership of 51 % in joint ventures,

— the logistics system should consider import and export
regulations for delivery management,

— the necessary innovations on the basis of industry 4.0
concepts, such as

— pertinent use of ICT throughout businesses,

— the synchronization of materials and information
flow within seamlessly integrated transport and
logistics systems,

— updating of the legal framework to

— reform the tax regime in order to reduce the tax bur
den on firms engaging in R&D,

— establish strict protocols for intellectual property
rights,

— remove customs restrictions and prevent goods from
experiencing long delays at customs.

A wellfunctioning logistics and transport infrastructure is
of the utmost importance for urban development and the
location of production facilities (Sitharam, 2015; Mdiller,
Schiappacasse, 2015). If these are not in place, and if reliable
transportation of materials and goods cannot be guaranteed,
it will not be possible to convince enterprises to locate their
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facilities in the urban core areas. In fact, transportation prob-
lems are among the reasons why enterprises are currently
still “moving out” to the periphery of urban areas. In such a
situation, the potential benefits of Industry 4.0 such as the
generation of mixed urban land uses and the location of pro-
duction sites in innercity regeneration areas are lost. More-
over, commuting distances grow instead of becoming smaller.

3.6 RESILIENT GROWTH

Resilient growth does not imply the avoidance of all risks at
all costs - it is strongly connected to risk management. In
the past, resilience in businesses was mostly driven by experi-
ence. However, with data- and process-driven Advanced Man-
ufacturing based on Industry 4.0 concepts it is now possible
to model the processes involved to a much greater extent.

Accordingly, risks can be mitigated by deploying joint risk
management procedures designed by cooperating enter-
prises and backed up by government policies to integrate
resilience into international Advanced Manufacturing net:
works. MSMEs can plausibly tackle the inherent risks by
adopting new Advanced Manufacturing protocols (Tiwari,
2015; Klocke, 2015):

— MSMEs' business models should provide robust protec-
tion against multiple external factors, such as changes
in technology trends, frequent variations in customer de-
mands and global recessions resulting in low demand.

— Involvement of multiple stakeholders from govern-
ment, academia, Foreign Direct Investment and the
general public could mitigate the risk of insolvency
due to highly investmentintensive activities, such as
innovations, disruptive technologies and high-end
technology acquisitions.

— Government must update the legal framework to create
easy business exit policies for MSMEs in the event of
business problems.
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— Regulatory bodies must work towards reforming the tax
regime in order to reduce the tax burden on firms en-
gaging in R&D activities and innovation.

— Strict protocols for intellectual property rights (IPR)
must be adhered to at the international level.

— Firms must form international and national industrial
networks to facilitate the adoption of innovative mecha-
nisms to cope with uncertainty through participation in
the provision of systemic solutions.

— Thetreaties and policies regarding promotion of sustain-
ability and environmental obligations, such as ceilings
for carbon trading, formulation of global renewable en-
ergy policies, etc., must be optimized to provide equal
industrial development opportunities to all countries.

— Large companies and global conglomerates that have
already established their risk management policies for
cyber risks and knowledge management could mentor
MSMEs or work with their suppliers in order to improve
their structures and mitigate their vulnerabilities, in the
interests of promoting growth.

— The major risk of delays to business operations could be
minimized by optimizing the variables such as the choice
of manufacturing location, decisions on customer inter-
actions, total business cost and target market segment.

Specific Industry 4.0 concepts can contribute to risk mitiga-
tion as follows:

— The implementation of new sensor concepts to record
field data enables resilient production processes to be
developed and operated.

— Reservations relating to opening up interfaces and
largescale data analysis must be overcome jointly by
the participants in international value networks.

— Test procedures to check manufacturing and logistics
resilience at all tier levels must be jointly designed and
agreed upon among cooperating value networks.

— Resilient process chain design can be achieved by the
order-dependent combination of manufacturing steps.

— Process fluctuations can result in uncontrolled insta-
bilities in the process chain ("bull- whip effect”). Broad
recording of process fluctuations and realtime control
will return processes to a stable state even before risky
events can pile up.

— Suppliers of industrial information technologies must
resolve the challenges associated with classical data re-
cording, cloud technology and data analysis concepts.

— Risk management and resilience management should be
promoted at both the corporate level and the level of the
authorities responsible for infrastructure management in
order to reduce the frequency and impact of disruptions
to industrial processes in production and logistics

In globally distributed supply networks, disruptions occur
rather regularly. Robust supply chains that are able to cope
with unforeseen events are a vital business capability in
rapidly changing value networks. In addition to a resilient
and flexible supply network infrastructure, businesses need
highly accurate risk detection capabilities that employ Big
Data tools and techniques. Moreover, logistics providers
can secure customer operations by performing predictive
analytics on a global scale.

Risk mitigation must therefore be a part of regular logistics
operations rather than an intervention carried out after the
event as is usually the case today. The operations manager
is familiar with normal conditions and also how anomalies
arise and should be tasked with handling abnormal situa-
tions. With regard to stable Advanced Logistics for Advanced
Manufacturing in international value networks, there is also a
set of strategies for helping government, corporations and in-
dividuals to manage the risks so that they can either be avoid-
ed or so that process resilience can be achieved if avoidance
is too expensive (Viswanadham, 2015; Kuhn et al., 2015):

— Avoid the risk whenever possible: It is risky to source from
countries where there is a possibility of war or weather
problems, or from companies with troubled finances.



— Mitigate the risk directly by improving flexibility in or
der to reduce the impact or likelihood of the risk at its
source. Dual sourcing is one simple solution.

— Adapt to the risk by preparing for it, e.g. earthquake-re-
sistant building construction, rapid evacuation in the
event of floods and securing access to buildings.

— Transfer the risk to a third party such as an insurer or
through more sophisticated hedging strategies.

— Mitigate the risk using orderbased governance involv-
ing partner selection, coordination, monitoring and ex-
ecution. For each order, a 4PL can select the logistics
partners in order to minimize the risks associated with
the logistics processes.

As regards the relation with urban development, resilience
and risk reduction is very closely related to the capacities
of the urban and regional planning system, the available
planning tools, and the existing governance regime. Sound
planning and implementation can contribute to minimizing
risks by promoting better organized and reliable city pat
terns and infrastructure systems. The availability of appro-
priate and effective urban planning tools is decisive for the
implementation of planning concepts oriented towards risk
reduction. And the governance regime may help to provide
for transparency and participation.

3.7 GOVERNANCE FOR GROWTH

Industry 4.0 is closely related to governance for growth.
Especially for Advanced Manufacturing and Advanced
Logistics in international value networks, it forms part
of all the growth drivers for businesses and governments
(Tiwari, 2015; Klocke, 2015; Viswanadham, 2015; Kuhn,
Hegmanns, Schmidt, 2015).

In addition to the necessary efforts of businesses to inte-
grate ICT and CPPS functions for Advanced Manufacturing,
there must be committed efforts on behalf of governments
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to determine current deficits and implement timely remedial
policies. The most important measures in India are:

— National Manufacturing Competitive Programme
(NMCP), 2010 (Ministry of Commerce & Industry),

— National Manufacturing Policy, 2011 (General Knowl-
edge Today, 2013),

— Working Group on Micro, Small & Medium Enterprises
(MSMEs) Growth for 12th Five Year Plan (2012-2017)
(India Planning Commission 2013b, p. 61),

— National Innovation Council (www.innovationcouncil.
gov.in),

— Institutes of national importance for skills training and
consultancy, e.g. the Federation of Indian Chambers
of Commerce & Industry (FICCI) (Federation of Indian
Chambers of Commerce and Industry, n.d.),

— The Confederation of Indian industry (CII) (CIlI, 2014).

The NMCP is aimed at strengthening and assisting with
the realization of lean manufacturing, including ICT
and the establishment of demo rooms by the Ministry
of Small Scale Industries. The current Five Year Plan em-
phasizes the importance of SMSEs and requires the gov-
ernment to establish the following governance measures
and policies to “improve their technological capabilities
by focusing on

— Providing access to risk capital

— Establishment of standards for industry

— Improving industry/research institute/academia inter-
action, mostly in clusters

— Stimulating demand/providing scale through preferen-
tial treatment in government purchases.” (India Plan-
ning Commission 2013b, p. 61).

Technology and quality improvements are also identified as
a top priority, along with supporting entrepreneurial and
management development. Emphasis is placed on raising
awareness for investment in intellectual property; this has
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been a concern with the advent of global multinational
companies in India, as most MSMEs are not concerned
about getting their innovations patented, which prevents
India from claiming its innovation potential. A holistic
framework of IPRs in collaboration with international au-
thorities is therefore indispensable in today's competitive
manufacturing environment in order to empower the Indi-
an technology base.

Governance also plays an important role in creating the
right urban framework conditions for Industry 4.0, e.g., re-
garding urban planning, development strategies, infrastruc-
ture, logistics, etc. In this context, metropolitan regions and
urban areas should be seen as governance systems. They
need to be reformed so that they are able to organize and
control the multi-sectoral challenges facing them, especially
those linked to Industry 4.0.
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4 RECOMMENDATIONS: INDUSTRY 4.0 IN
INTERNATIONAL DEVELOPMENT COOPERATION

Industry 4.0 is a topic that is relevant to German interna-
tional development cooperation. It has the potential to
support all the dimensions of qualitative growth as defined
by German development cooperation. Furthermore, it can
help to promote a green urban economy and can make an
essential contribution to sustainable urban development.

The potential of Industry 4.0 regarding the implementation
of the new post2015 international development agenda
based on the Sustainable Development Goals (SDGs) de-
fined by the United Nations should be carefully explored
and included in the international debate.

Industry 4.0 has high potential to positively impact eco-
nomic development and to contribute to the sustainable
development of cities in developing countries and emerg-
ing economies. However, the success of its potential bene-
fits is also dependent on the appropriate economic and ur-
ban framework conditions being in place. These framework
conditions should be addressed by the BMZ and German
development cooperation.

Based on these considerations and on specific studies on
Advanced Manufacturing, logistics and urban development
by German and Indian experts, the following recommenda-
tions have been formulated.

4.1 CARRY OUT AN INTERNATIONAL INDUSTRY 4.0
SCREENING STUDY

Industry 4.0 will result in significant changes to industrial
production and international value chains around the world.
However, not all developing countries and emerging econo-
mies will be affected in the same way and at the same time.
Some countries may be among the pioneers, while for oth-
ers Industry 4.0 will only become relevant at a later point
in time. It is not yet clear in which countries and in which
regions Industry 4.0 will play a major role in the near future

and it is also not yet clear which specific role it may play.
These factors may be determined by the capacities and roles
of the manufacturing sectors and respective framework con-
ditions relevant to Industry 4.0 in the individual countries.

German development cooperation, i.e. the BMZ and GIZ,
should therefore commission a screening study on the cur
rent relevance and future potential of Industry 4.0 in devel-
oping and emerging countries. The study should be funda-
mentally global in scope and should clearly identify countries
and suitable regions and urban areas within these countries
that could be candidates for future German development
cooperation in the field of Industry 4.0. Besides the identi-
fication of potential partner countries and regions, relevant
linkages between Advanced Manufacturing, logistics and
urban development should be studied and specified. Their
potential contribution to the major objectives and guidelines
of German development cooperation should be highlighted.

As a starting point or one element of the screening study,
a survey could be conducted among the relevant German
companies involved in global Advanced Manufacturing ac-
tivities. The survey should draw on the experience of such
companies in order to identify

— relevant countries and regions,

— relevant economic/manufacturing sectors,
— major bottlenecks and

— potential solutions to existing problems

regarding the introduction of Industry 4.0 in order to con-
tribute to quality of growth, the urban green economy and
sustainable urban development. The results of the study
could be used as a basis for further country-specific strat
egies and projects.

acatech, Germany's National Academy of Science and Engi-

neering, could act as a partner and perform a liaison role here,
since it is able to draw on all the necessary interdisciplinary
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expertise through its members and its close links with Ger
man industry (through its Senate), as well as its strong work-
ing relationships with other engineering academies around
the world. GIZ, KfW and DEG should also be involved and
contribute their international experience, together with in-
dustry associations such as the VDA, VDMA and ZVEI and
the international chambers of commerce.

The survey could complement an international benchmark-
ing study which is currently under preparation by acatechs,
although this study focuses on international competitive-
ness and does not specifically address urban development
issues and international development cooperation. Besides
analyzing the state of Industry 4.0 as such, its potential
positive and negative effects on urban development under
different framework conditions should be scrutinized.

4.2 DEVELOP AN INDUSTRY 4.0 READINESS
ASSESSMENT TOOLBOX

Industry 4.0 has the potential to become a popular catchword
at the policy making level, as it stands for forward-thinking
and innovative development strategies. National and local
decision-makers may be tempted to use Industry 4.0 prema-
turely and to embark on their respective strategies without
scrutinizing the specific current potential of Industry 4.0 for
local, regional and national development.

However, Industry 4.0 will not be a feasible or successful
option for development everywhere. At present, little is
known regarding the supporting framework conditions re-
lated to quality of growth, economic development, employ-
ment, and possible integration into international value net-
works and their impact. It is also not clear which factors are
relevant to enabling Industry 4.0 to contribute to a green
urban economy and sustainable urban development work
in each specific instance.

It is therefore proposed that an Industry 4.0 Readiness
Assessment Toolbox should be developed. The toolbox
should facilitate a sound and realistic analysis of the cur-
rent potential and expected benefits of Industry 4.0 in
each specific case, in order to avoid haphazard and hasty
decision-making and promote well-informed decisions on
future strategies.

The Industry 4.0 Readiness Assessment Toolbox should
serve as a guide to national and local administrations
for carrying out (rapid) analyses. It should provide ele-
ments for an Industry 4.0-related SWOT analysis of the
different countries, regions or urban areas. The toolbox
should also contain a set of assessment tools regarding
e.g. data communication facilities and ICT readiness, clus-
ter analysis, competitiveness and resilience, infrastructure
and labor market, general socio-economic characteristics,
urban structures and planning instruments, governance
and related policies and strategies. The Assessment Tool-
box should encompass issues related to quality of growth,
the green urban economy and sustainable urban develop-
ment. It should help to carefully weigh up the potential
economic and image gains of a country, region or urban
area that could result from an Industry 4.0-based strate-
gy, as well as realistically assessing its chances of being
successful.

4.3 RE-EXAMINE URBAN DEVELOPMENT STRATEGIES
- INTEGRATING INDUSTRY 4.0 CONCEPTS

In principle, Industry 4.0 facilitates more mixed urban de-
velopment by bringing the factory back to town, even close
to residential areas. This promotes the realization of the
“compact city” and the “city of short distances”. It is made
possible because of two features of Industry 4.0: diminish-
ing lot sizes and the promotion of environmentally-friendly
integrated "urban production”:

3 Industrie 4.0 - Internationaler Benchmark, Zukunftsoptionen und Handlungsempfehlungen. The number of countries included in this project, espe-
cially developing and emerging ones, is very limited (e.g. India, Saudi Arabia, Nigeria, Indonesia, Brazil, China, Malaysia, Singapore, South Korea).



— Industry 4.0 facilitates the modularization of industrial
production, possibly leading to smaller and more spe-
cialized production facilities. The smart factory will also
require less storage capacity due to realtime information
processing, advanced logistics and justinsequence sup-
ply. This may result in less overall land “consumption” for
industrial purposes. Smaller industrial production facilities
are more easily and successfully integrated into the exist
ing urban pattern and located in existing neighborhoods,
e.g., as part of urban renewal or urban retrofit projects.

— Industry 4.0 will lead to cleaner production and en-
hanced energy efficiency through the use of sensor
technology, high-precision control and realtime infor
mation enabling, e.g., the control of many more elec-
trical motors in production facilities than today (only
about ~20 %). Material consumption and waste will
also be reduced and smart products can be recycled
more easily. All in all, this will make a contribution
to improving the environment and mitigating climate
change. Given appropriate solutions to possible dis-
ruption caused by logistics activities, it will be easier
to locate environmentally-friendly production facilities
within or in close proximity to residential areas.

However, such positive consequences of Industry 4.0 for ur-
ban development will not come about automatically. The
following examples serve to illustrate some of the potential
adverse effects:

— Under certain circumstances, Industry 4.0 — like tra-
ditional industrial production — may result in urban
sprawl. A location on the periphery of overcrowded ur
ban metropolises may be more attractive for companies
as land prices are much lower and freight transport to
and from the location is much easier compared to a
central location. Moreover, traditional planning think-
ing and zoning regulations may not permit a mixture of
industrial and other land uses and may restrict industri-
al sites to the outer parts of a metropolitan area.
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— If public infrastructure services are inadequate and un-
reliable, companies may design their production sites
so that they are capable of dealing with potential dif
ficulties, making them selfsufficient in terms of water,
energy and sewerage. This may lead to environmental
threats, for example to the groundwater table as a re-
sult of uncoordinated and increased water consump-
tion, as well as the inefficient use of natural resources.
It may also increase actual land “consumption” even by
those companies that follow the Industry 4.0 approach.
The situation may be exacerbated if the speed of ur
ban growth outstrips the local capability to establish
the necessary infrastructure, thus widening the gap be-
tween serviced and non-serviced, or in the case of com-
panies, auto-serviced areas.

— If production sites are located on the periphery of met:
ropolitan areas, commuting distances may grow. In such
cases, employees will be faced with long commutes on
congested roads or in overcrowded buses. Moreover, dif-
ficult traffic conditions could cause an increase in the
time and energy required to commute if no efficient and
effective public transportation systems are in place.

These examples show that Industry 4.0 and its potential
positive impacts are highly dependent on appropriate
framework conditions and smart planning. Re-examining
existing urban development strategies is therefore indis-
pensable in most countries. It is necessary to undertake
a reform of urban development and planning paradigms,
possibly supported by international stakeholder dialogues.
Strategically-oriented modern urban planning practices that
directly involve all the relevant stakeholders may help to de-
liver the potential urban and environmental dividends of In-
dustry 4.0. The BMZ and GIZ should place special emphasis
on improving the framework conditions in order to enable
the potential benefits of Industry 4.0 to be fully realized.

A direct link should be established with the German “Na-
tional Platform City of the Future” (NPZ, Nationale Plattform
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Zukunftsstadt) and the respective Strategic Research and
Innovation Agenda. The BMZ and GIZ could strengthen the
international dimension in this regard. As far as India is
concerned, an interesting link could be established with the
100 Smart Cities Program of the Indian Government. In an-
ticipation of the extremely high urbanization rates expected
in the coming decades, India is planning to develop 100
smart cities all over the country. Urban retrofits will form
part of the program. German development cooperation
could contribute its experience in this field and connect the
initiative with the results of the NPZ.

4.4 CREATE GOOD PRACTICE EXAMPLES - LEADING
THE WAY TO INDUSTRY 4.0

There is a need and opportunity to promote Industry 4.0 in
developing and emerging countries in order to keep up with
developments in e.g. Germany, Europe, China and the USA.
Joint initiatives could be undertaken in selected manu-
facturing sectors such as automotive, microelectronics, IT,
pharmaceuticals and food processing in order to explore
the opportunities for Industry 4.0 technologies, consult in-
dustry with regard to appropriate technologies and their in-
troduction, establish transfer projects and create good prac-
tice examples. Also good practice examples related to cities
should be developed, and experience with them should be
nationally and internationally exchanged. Advanced Manu-
facturing, logistics and urban development should become
a focus of attention for joint cooperation activities. The cre-
ation of international peerto-peer networks among cities
and between cities and other institutions could be a first
step to foster international exchange and joint action.

As good practice examples cannot be established every-
where at the same time, one approach would be to start
with one carefully chosen example agreed upon by all the
relevant parties. It should include the most important as-
pect of Advanced Manufacturing: intelligent production

controlling the production processes by Cyber-Physical
Systems and incorporating the appropriate Industry 4.0 in-
terfaces/standards between the business, production, and
logistics levels, and it needs to include several tiers of sup-
pliers, among them also MSMEs. India could be a suitable
country for establishing a good practice case, as

— there are many links with German companies, espe-
cially in the field of Industry 4.0-related industries;
these could be helpful in creating a solid cooperation
structure;

— there is close cooperation between acatech and INAE
which could be made use of for identifying relevant
cases, accompanying the establishment and develop-
ment of the good practice case and providing analytical
expertise during the process;

— the current implementation of the Indian National Manu-
facturing Plan provides a good basis for cooperation; it
promotes modernization of the country’s industrial pro-
duction with special emphasis on support for MSMEs;

— there is already a signed memorandum of understand-
ing between German and Indian ministries (MOUD and
BMUB) with regard to urban development; this could
be used as an entry point for mobilizing additional en-
gagement on the German side, including the provision
of small starting funds in connection with urban issues.

The good practice example should be geared towards facili-
tating Industry 4.0-based production and logistics process-
es among a small set of MSMEs, as well as supporting the
development of favorable framework conditions in a small
or medium-sized Indian city:

— On the company side: automation processes and Indus-
try 4.0-based workflows should be established. It will be
especially important to address employment issues, e.g.
regarding the quantity and quality of employment in an
Industry 4.0 context. Any recommendations should be
informed by the quality of growth approach.



— On the urban development side: it will be important to
address green urban economy and sustainable urban
development issues. This includes smart infrastructure
and logistics strategies, the compact city and city of
short distances concepts, and integrated urban design
patterns, e.g. the application of mixed-use development
schemes for environmentally-friendly industrial produc
tion facilities, scrutiny of current plans and regulations
and urban governance including participation in and
transparency of land use policies and decisions.

The good practice example should be accompanied by In-
dustry 4.0 discussion foraand standards activities. These
could be used to reflect progress, discuss bottlenecks
and evaluate solutions. They would also contribute to

Recommendations

dissemination of the results. Moreover, this would generate
valuable experience for the Indian 100 cities program.

Suitable partners on the Indian side could include INAE,
the National Innovation Council, CIl and FICCI, as well as
the Indo-German Chamber of Commerce. On the German
side, there is scope for cooperation between the BMZ/GIZ
and the BMUB. acatech could be instrumental as a partner
and link between the German and Indian implementation
structures, providing Industry 4.0 expertise, networking
capacity regarding the involved industries and interdisci-
plinary research capacity relating to the knowledge to be
generated through the good practice case. If successful, the
Indian case could become a good practice example for simi-
lar cases in other countries.
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5 APPENDIX

Table: Potentials and challenges of the nexus between advanced manufacturing (AM) and urban development

(Source: Miller/Schiappacasse 2015)

OPPORTUNITIES CHALLENGES

Urban economy

- Competitiveness of cities may be enhanced through core functions
and pioneer establishments related to advanced manufacturing.

- There may be additional opportunities for new entrepreneurial
activities and small scale enterprises, especially unconventional
and creative ones, to connect with larger companies, and to offer
new or better services to them. This may lead to more inclusiveness,
economically and socially.

- Urban economy may benefit from an increase of advanced manufac-
turing companies: taxes, income generation, multiplier effects,
supply chain, etc.

- Specialization may make better use and enhance local development
potentials.

- Competition may become stiffer as companies have more locational

choices due to their shrinking dependence on local production
factors.

- Integration into advanced manufacturing value creation chains

may contribute to socio-spatial disintegration within cities (between
those groups and areas which are linked with and those which are
not linked with advanced manufacturing); growing social segre-
gation as well as rising disparities between urban districts may be
among the consequences.

- Specialization may lead to higher economical and development vul-

nerabilities and risks and it may diminish resilience in case of crisis.

- Good urban governance and fruitful cooperation between stake-

holders (state, business community) are necessary and crucial
factors for successfully raising competitiveness. This is not easy to
achieve.

Urban-regional development

- Enterprises become, to a higher degree than today, multi-locational
entities.

- Individual locations of companies may take over more specialized
and focused functions in value creation chains.

- AM may diminish the companies' dependency on locational
production factors. It may enlarge degrees of freedom regarding the
sizes of their enterprise units and production facilities as well their
locational choices.

- Location factors will be re-defined. Also remoteness will be rede-
fined. Formerly “remote" areas have more equal chances to compete
successfully.

- Competitiveness of regions and urban-regional development may
benefit from advanced manufacturing.

- Regional development may profit through regional value-added
production, specialization, additional income generation, regional
ancillary industries and services, multiplier effects etc.

- The availability of knowledge creation institutions (universities,

research institutions), research and development activities, for
example within companies, and interest of companies in regional
connections are important prerequisites.

- AM strategies are helpful, like smart specialization or urban (eco-

nomic) development strategies. These require respective initiatives
by the public and private sectors.

- AM may widen (inter-) regional disparities (and those between

cities), that is those which are and those which are not integrated.

Specialization may lead to higher risks for regional development.

Value creation

- AM may enhance production and enlarge local and regional value
creation chains.

- AM may create new opportunities for local regional companies and
the informal sector.

- Experience shows that in many cases AM puts more emphasis

on international orientation and worldwide integration than on
regional embedment.
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Integration and networking

- AM leads to more networked economic structures and processes.
Industrial production will be more and more characterized by
multi-locational networks.

- AM furthers the creation of dynamic and flexible enterprise
networks.

- AM facilitates related companies to associate for a given time span
and to form temporal virtual production or service clusters.

- AM manufacturing raises the international inter-connectedness and
visibility of cities and regions.

- Networking has high transaction costs and investment (for example

time, efforts, personnel).

- Network access may be difficult. To a high degree, it depends on

decision making by company involved in AM.

- Interests of companies and local/regional stakeholders may be

different (for example orientation on competitive production on the
one hand, and socio-spatial integration on the other).

Knowledge creation

- AM may contribute to raising the educational level of a city as it
requires a well-qualified labor force.

- AM may contribute to facilitating the establishment and strengthen-
ing of universities and research facilities.

- AM may support public-private partnerships for knowledge based
urban and regional development.

- AM may contribute to social exclusion by making the access to

knowledge creation for certain groups of society (for example urban
poor) even more difficult.

Socio-economic development

- AM may contribute to creating new jobs and more income opportu-
nities for the urban population.

- AM may contribute to the formation or

stabilization of a strong middle-class population.

- AM may contribute to poverty alleviation through the creation of
additional jobs in the industry and the service sector which are more
accessible for the urban poor.

- AM may contribute to the loss of (especially less-paid and less-quali-

fied) jobs through rationalization and automation.

- AM may restrict job opportunities of the urban poor and the

less-qualified. Thus it may contribute to increasing poverty.

Technical infrastructure

- AM may support better urban infrastructure, for example digital and
transportation infrastructure.
- AM may have positive influence on logistics.

- Weak and un-coordinated planning and implementation may contribute

to severe deficits regarding the provision and reliability of infrastructure.

- Digital infrastructure may only be provided on demand to those who

request and pay for it, thus excluding a large part of the population,
especially the urban poor.

- Due to inadequate availability of funds and limited fund generating

capacity of funds on the one hand and high investment needs, it
may be difficult to put the adequate infrastructure in place.

- The speed of urban growth may override the capabilities to establish

necessary infrastructure thus widening the gap between serviced
and non-serviced (or in the case of companies: auto-serviced) areas.

- Cyber security may be difficult to be established.




Environmental effects

- AM will lead to cleaner production and more energy efficiency
through sensor technology, high precision control and realtime
information.

- Material consumption and waste will be reduced.

- AM will make a contribution to climate change mitigation.

- AM may require less storage capacities due to real time information
processing. This may result in less land “consumption” for industrial
purposes.

- Smart products may be easier recycled. This reduced the amount of
waste.

- There may be rebound effects. As production sites may be located

at the edge of the city or metropolitan area, commuting distances
may grow. Because of difficult traffic conditions, time and energy
consumption through commuting may increase.

- Production sites may be designed as to deal with a variety of difficul-

ties, for example regarding infrastructure provision. This may lead to
increased land “consumption” by industry.

- Companies may want to secure safe infrastructure provision at their

production sites and install basic infrastructure by themselves. This
may lead to an un-coordinated and increased consumption of water
and energy as well as to environmental damages in general.

- Real time production requires justintime delivery. This may lead

to higher pressure on transportation. More trucks become mobile
storage facilities (like in justin-time production).

Urban structures and land use

- Modularized production allows that individual manufacturing
entities become smaller.

- AM may facilitate more mixed urban structures through the
enhanced possibilities of environmentally friendly integrated “urban
production” (for example with management units, design offices or
clean production sites within or close to housing areas).

- AM may have positive effects on the realization of the concept of the
“city of short distances".

- Synergies of more mixed urban functions may be used.

- This may also bring back life to formerly depressed urban areas
(urban retrofit).

- There may be more new urban development outside or on the edge

of cities due to better and less expensive availability of land. This
may contribute to increased urban sprawl.

- Difficult transportation and logistics issues may make it advisable to

locate production sites at the edge or outside of existing cities. This
may be counterproductive to the concept of the principles of the
“city of short distances".
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LIST OF ABBREVIATIONS

4PL
acatech
AGPS
AM
AMT
BITKOM
BMBF
BMUB
BMWi
BMZ
cl
Co,
CPS
DEG
ERDF
EU
FICCI
GDP
GE
Glz
INAE
ICT
ICLEI
IPR
I0ER
10T

IT
JICA
Kfw
MOUD
MNC
MSME
M2M
NIC
NMCP
NPC
NPZ
PEF
PLC

Fourth-Party Logistics

National Academy of Science and Engineering

Assisted Global Positioning System

Advanced Manufacturing

Advanced Manufacturing Technologies

Bundesverband Informationswirtschaft, Telekommunikation und neue Medien
Bundesministerium fiir Bildung und Forschung
Bundesministerium fiir Umwelt, Naturschutz, Bau und Reaktorsicherheit
Bundesministerium fiir Wirtschaft und Energie
Bundesministerium fiir wirtschaftliche Zusammenarbeit und Entwicklung
Confederation of Indian Industries

Carbon dioxide

Cyber-Physical Systems

Deutsche Investitions- und Entwicklungsgesellschaft

European Regional Development Fund

European Union

Federation of Indian Chambers of Commerce and Industry

Gross Domestic Product

General Electric

Deutsche Gesellschaft fiir Internationale Zusammenarbeit
Indian National Academy of Engineering

Information and Communication Technology

ICLEI-Local Governments for Sustainability

Intellectual Property Rights

Leibniz Institute of Ecological Urban and Regional Development
Internet of Things

Information Technology

Japan International Cooperation Agency

Japan International Cooperation Agency

Ministry of Urban Development

Multinational Companies

Micro, Small and Medium Enterprises

Machine to Machine

National Innovation Council, India

National Manufacturing Competitive Programme

National Planning Commission, India

Nationale Plattform Zukunftsstadt

Product Environmental Footprint

Programmable Logic Controller



RFID
R&D
SDGs
SME
SMLC
SWOT
UN
USA
VDMA
ZVEI

Radio Frequency Identification

Research and Development

Sustainable Development Goals

Small and Medium-sized Enterprise

Smart Manufacturing Leadership Coalition, USA
Strengths, Weaknesses, Opportunities and Threats
United Nations

United States of America

Verband Deutscher Maschinen- und Anlagenbau
Zentralverband Elektrotechnik- und Elektronikindustrie

List of abbreviations
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> acatech — NATIONAL ACADEMY OF SCIENCE AND ENGINEERING

acatech represents the German scientific and technological communities, at
home and abroad. It is autonomous, independent and a non-profit organisa-
tion. As a working academic institution, acatech supports politics and society,
providing qualified technical evaluations and forward-looking recommenda-
tions. Moreover, acatech resolves to facilitate knowledge transfer between
science and industry, and to encourage the next generation of engineers. The

Academy counts a number of eminent scientists from universities, research

institutes and companies among its Members. acatech receives institutional
funding from the national and state governments along with third-party
donations and funding for specific projects. It organises symposiums, forums,
panel discussions and workshops to promote new technologies in Germany
and to demonstrate their potential for industry and society. acatech publishes
studies, recommendations and statements for the general public. The Academy
is composed of three bodies, the Members, organised in the General Assembly,
the Senate, whose well-known figures from the worlds of science, industry and
politics advise acatech on strategic issues and ensure dialogue with industry
and other scientific organisations in Germany, and the Executive Board, which
is appointed by the Members of the Academy and the Senate, and which
guides the work of the Academy. acatech's head office is located in Munich
while offices are also maintained in the capital, Berlin, and in Brussels.

For more information, please see www.acatech.de
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