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The purpose of this course, Smart Services I, is to present some of the ideas surrounding smart services and the methods involved in developing them. To this end, it will start by introducing the term “smart services” in the context of digitalization and Industry 4.0. Having laid this foundation, it will show how much of a disruptive effect innovative services can have on existing business models, or even entire markets, using digital intermediaries as an example. It will then introduce a selection of methods and technologies that can be used to identify and model potential opportunities for digitalization. It will also present a selection of architectures and platforms for integrating these types of services, before finally moving on to technologies that can be used to implement smart services and presenting a brief summary of how agreements relating to service quality can be reached.
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Digitalization, Industry 4.0, and Smart Services





STUDY GOALS	Comment by Johnson, Lila: EN: Study Goals

After completing this unit, you will...

... be familiar with the introductory principles and the context of digitalization and cyber-physical production systems.
... be informed about the foundations of smart services in Industry 4.0.
... know some examples of smart services.
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1. Digitalization, Industry 4.0, and Smart Services

Introduction
Mr. Smith wishes to order a custom-configured car tailored to his personal needs from a well-known car manufacturer. Is such a service possible in today’s market? Or perhaps even commonplace? And if so, to what extent? And what are the requirements and conditions?

At first glance, this request may not seem like a particularly challenging task. However, looking more closely at individual cases reveals that – with the technology currently available – there are still several barriers to be overcome, with the result that customers’ desires go unfulfilled. Let us consider a specific example to illustrate the sorts of issues that may arise:

· Take a customer who is 6 feet 8 inches tall. Due to the seat height provided in the majority of vehicles, this customer cannot sit up straight and is, therefore, uncomfortable when traveling in the car. When configuring their new vehicle, they start by selecting the model, the engine, the power, and the bodywork color. They then specify that the seat should be 7.5 inches lower than the standard configuration. Is this something that the car manufacturer can do?
· The manufacturer receives this customer query via the product configurator. Developing such a design for the customer specifically (“engineer to order”) would be laborious and too expensive for the customer, so the query is processed via the series production process. The car and seat manufacturers carry out a joint engineering simulation of the seat. If successful, the next stage would be to construct a full prototype. Are the seatbelt and airbag compatible with the altered seat height, and are they (still) correctly positioned? Are the right tools available to carry out the production process?
· Next, the price must be simulated. How much would it cost to make this change? What price would need to be charged to the customer? Could this configuration be sold to other customers as well? What sort of production timeframe can be achieved?

Once all of these questions have been answered, the order data for the customized seat can be passed on to production planning. The specific construction amendments are sent to the supplier for use in the machine control system. This example illustrates a key aspect of Industry 4.0, one of national relevance. Being able to customize products has become essential to maintaining international competitiveness (cf. Kaufmann 2015, p. 1f.).	Comment by Anne Pabel: Here, the intended meaning of the original 'als deutsche Initiative' is not quite clear. An alternative closer to the original might be 'as a German initiative'.

It also shows the many layers of products and services in today’s world. Given this reality, the next section will lay out the fundamentals of digitalization and the opportunities that it presents, focusing in particular on cyber-physical production systems. After this, the concept of “smart services” – services based on data and centered on the user – will be positioned within the context of Industry 4.0. Finally, some illustrative examples of smart services from different sectors will be presented.
 (
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1.1 Digitalization and Cyber-Physical Production Systems
Digitalization is a key phenomenon in the modern world and is bringing about radical changes in all areas of the economy and society. Over time, working and living digitally have become part of everyday life (cf. Boes 2014, p. 11). Digitalization has altered our lives in terms of “how we do things” (Borgmeier/Grohmann/Gross 2017, p. XV). As this development progresses, existing products, services, groups of products and services, business processes, business models, and entire industries are increasingly experiencing significant changes or are being displaced. Similarly, the ways in which industries interact are also being transformed. This process is referred to as “digital transformation” (Borgmeier/Grohmann/Gross 2017, p. XV; cf. Boes 2014, p. 11ff.). Today, in the context of smart services and Industry 4.0, it is particularly in the areas of service bundles (groups of products and services) and e-services that we see significant potential for growth. Customer desires and customer satisfaction are essential factors for success, and it is becoming increasingly important to integrate “external factors” (i.e., customers) into operating processes. This is particularly the case for e-commerce and e-services in the context of smart services or Service 4.0 (cf. Wehrlin 2018, p. Vf.). The following figures illustrate the progression of digitalization.	Comment by David Stockings: ST ambiguity: does 'deren Interaktionen' refer to just 'ganze Industrien' or all of the items mentioned in the list?	Comment by Anne Pabel: This was retained from the original. If there is no page number, we could perhaps use the paragraph number and designate it as 'para. X'.
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The amount of digital information being generated and shared worldwide is constantly increasing (cf. Evans 2003, p. 3). The number of digitally connectable devices increases in waves (cf. Fullan/Donnelly 2013, p. 9).

One of the consequences of this development is that value-based partnerships and coproductions, along with know-how in big data or data analysis, are emerging as significant competitive advantages. This, in turn, is leading to the substitution and displacement of the traditional requirements and advantages that previously applied to the development of a product or service (cf. Borgmeier/Grohmann/Gross 2017, p. XV; Boes 2014, p. 11ff.). The following figure presents the digital maturity of different sectors.
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[bookmark: _Hlk124002251]The media and trade sectors have always been particularly fertile ground for digitalization, hence why they were the first sectors to undergo it. Digitalization is ongoing across transportation, healthcare, production, and lastly, the energy sector (cf. acatech 2014, p. 17). Digitalization will only continue to progress, bringing about changes in both economic sectors and user behavior. In Germany alone, more than 62 million people use the internet, and more and more people are spending an increasing amount of time online. Social media (or rather online-based platforms) can be used to communicate and establish networks amongst the users themselves and between users and service providers. The exchange of data between companies/service providers and users/customers is of particular importance (cf. Wehrlin 2018, p. 48f.).


Digitalization As digitalization advances, companies must develop profitable business models and smart services
in response.

As our current period of advanced digitalization, Industry 4.0, and the Internet of Things (IoT) continues to progress, companies must develop and successfully implement profitable business models and smart services (i.e., smart, digital, or data-based services) in response. Here it is important to include both the B2B (business-to-business) and B2C (business-to-customer) sectors in our considerations (cf. Borgmeier/Grohmann/Gross 2017, p. XV; Kagermann 2014, p. 67ff.).	Comment by Johnson, Lila: For all side notes, please put the coordinating term in the text in bold.
	Comment by David Stockings: I have done this on the closest mention, not necessarily the first one.

As part of the digital transformation and the associated technologies (Internet of Things and Industry 4.0) companies are learning how customers use their products and services. In other words, “B2B is becoming B2B2C” (Gassmann/Sutter 2016).	Comment by Anne Pabel: Translated by the translator.
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We are seeing a shift in the power relationships between OEMs (original equipment manufacturers) and suppliers. Sales models are also undergoing disruptive change. Significant competitive advantages are being gained through service engineering, business model innovation, and know-how in data analysis and data-based services (referred to as “smart services”) (cf. Grohmann et al. 2017, p. 3ff.). This groundwork enables a value-based cooperation between service providers and service recipients as a cooperation of both value-creation processes. It is also opening the door to sharing both the profits and risks associated with the results of these value-creation processes (cf. Grohmann et al. 2017, p. 3ff.).	Comment by Anne Pabel: This sentence was a bit difficult to understand in the original. Please check if this grasps the intended meaning.
Cyber-Physical Production Systems

In addition to networked production, Industry 4.0 also involves establishing networks with customers and other actors. The central feature of Industry 4.0 is the smart factory. People, machines, and products are communicating using new technology, and networks are being established with suppliers, customers, and even companies in other sectors. The flow of information between the different actors is based on shared standards, for example, through the use of reference architectures in the form of software applications and/or services that have been made available (cf. Wehrlin 2018, p. 52). Industry 4.0 is often primarily associated with the deployment of new types of technology. However, if we look closer, we can see that many of the relevant technologies were already available long before the period that we started explicitly talking about Industry 4.0, such as minicomputers, radio-frequency identiﬁcation (RFID), etc. 

On this issue, Armin Roth points out, for example, that what is really new about Industry 4.0 is “the merging of these technologies within the industrial environment into a unified solution that acts in concert” (Roth 2016, p. 37) (cf. Kagermann 2014, p. 67ff.). Roth believes that these resulting networks of standardized communication and control technology are essential to making the idea behind Industry 4.0 a reality. This process can be described in the five following key paradigms of industrial production (PIP) (cf. Roth 2016, p. 37):	Comment by Anne Pabel: Translated by the translator.	Comment by Anne Pabel: Please check if the intended meaning of this sentence has been retained as it was a bit difficult to follow in the original.

· PIP 1 – Vertical and horizontal integration
· PIP 2 – Peripheral intelligence
· PIP 3 – Peripheral control
· PIP 4 – Consistent digital engineering
· PIP 5 – Cyber-physical production systems

These paradigms build on each other sequentially from 1 to 5, and there is an overlap between neighboring paradigms. Each paradigm, therefore, also forms a partial intersection with the following paradigm.







Industry 4.0 Industry 4.0 is underpinned by creating networks of standardized communication
and control technologies. It can be described in the form of five paradigms of industrial production (PIPs).









Cyber-physical production systems are the fifth new paradigm of industrial production. A cyber-physical production system (CPS) describes the entirety of a production line in light of the Industry 4.0 approach (cf. Roth 2016, p. 35ff.). A cyber-physical production system is a construct made up of production systems that provide data to the control system, via the use of sensors and actors. Once received, the data is evaluated by the control system, which then sends it back to the production system. A cyber-physical production system also includes smart means of production that hold information regarding their individual production process. The data and services can be used anywhere in the world via the Internet of Things and cloud services (cf. Roth 2016, p. 35ff.).



Production network All objects within a production network are allocated a new identity via the internet. Interfaces are used to create a reciprocal connection between the systems involved in the production.
















Smart services These represent a supplement to Industry 4.0 smart products.

In accordance with the Industry 4.0 approach, all objects within a production network are allocated a new identity (IPv6 address) via the internet. A reciprocal connection is created between the systems involved in the production via interfaces. Doing so enables them to be integrated, optimized, and tested (cf. Roth 2016, p. 35ff.).

The real and virtual worlds are increasingly merging with each other, added to which is the use of real-time data. These developments are creating new opportunities and possibilities for companies to support their production and logistical processes. A key prerequisite for a cyber-physical production system is the vertical integration of all the systems into a sort of unified system landscape. Another requirement is horizontal integration in order to create a complete value-creation network. Decentralized cyber-physical systems can retrieve relevant information via a control system. This includes, for example, information relating to the current production process, set-up status, and available capacity (cf. Roth 2016, p. 35ff.).

The system is able to use this information to make decisions autonomously and to react in a situation-specific manner. Viewed as a whole, a cyber-physical system can be described as a complete, cooperative system created in the context of Industry 4.0 (cf. Roth 2016, p. 35ff.). Cyber-physical production systems are a key foundation for smart services, particularly in the processing industry.


1.2 Smart Services in Industry 4.0
Smart services act as a supplement to Industry 4.0 smart products. It is assumed that new forms of services are smart by default, and indeed that they should be smart. This involves, amongst other things, the use of new technologies such as sensors, processors, artificial intelligence (AI), and cloud connections (cf. Förderland 2018; BMWi 2017, p. 2ff.).
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The use of new technologies is enabling services to be tailored to users and to be provided to them promptly. Smart services and digitally enhanced products are emerging as a result (cf. Förderland 2018; BMWi 2017, p. 4ff.). The following figure shows the various aspects of Industry 4.0.
[image: ]

These aspects of Industry 4.0 demonstrate that the user/customer is at the heart of the process of digitalization and these services (cf. Borgmeier/Grohmann/Gross 2017, p. 110f.). This means that the services are subject to rapid release cycles, and, as such, they can be adapted to challenges in an agile manner and scaled accordingly. The resulting disruption means that recognized structures, products, offers, and value-creation chains are no longer compatible with current and future requirements. This radical upheaval is causing changes in major industrial branches. All of this shows that companies must be prepared for the Fourth Industrial Revolution. Smart services are prompting sectors to converge as a result of the emergence of cross-sector ecosystems, and the users of these types of data-driven business models may come from different sectors. In this context, more smart services data centers are required in the place of factories. These services require the exchange and corresponding evaluation (smart data) of huge amounts of data (big data) via the cloud or the internet (cf. Förderland 2018; BMWi 2017, p. 45; Kaufmann 2015, p. 7f.; Kagermann 2014, p. 67ff.). The following figure shows the impacts of Industry 4.0 at different levels.
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Digital business models require us to change our thinking. For example, the emphasis is shifting from ownership to an “as-a-service” approach (cf. Förderland 2018; BMWi 2017, p. 45; Kagermann 2014, p. 67ff.). In this approach, solutions are offered as a service that can be rented, e.g., renting a piece of software. The following figure illustrates the contexts in which smart services are involved.
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The economy is experiencing a significant paradigm shift. The focus is no longer on individual suppliers and their traditional products and services but rather on the user and their processes (cf. Kagermann 2014, p. 67ff.).
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Users – in their role as customers, renters, patients, employees, or travelers – expect to be able to acquire combinations of products and services tailored specifically to them whenever and wherever they require (cf. Kagermann 2014, p. 67ff.).


1.3 Examples of Smart Services
We can find examples of customer-centered smart services in pretty much any sector. These smart services are ripping up and revolutionizing value-creation chains in, for example, production, trade, healthcare, transportation, media consumption, and finance (cf. Förderland 2018; BMWi 2017, p. 2ff., 20ff.; Kagermann 2014, p. 67ff.). Some examples are presented below.

Automobiles: Transportation/Ordering on the Move/Sharing/Using Service Offers

One of the consequences of smart services is that it may no longer be worthwhile for some individuals to buy a car. It may be cheaper to use their smart phones to order a car based on their individual situational requirements and location. This is referred to as a “car sharing” service. Another version of this service exists in the form of driving services such as Uber (cf. n.p. 2018a; BMWi 2017, p. 4ff.).	Comment by Anne Pabel: Whenever the original said 'o.V.', it was replaced with 'n.p.'.

IT: Software-as-a-Service (SaaS)

Customers that require a specific piece of software can rent it instead of buying it. This is referred to as “software-as-a-service” (SaaS). Here, the software can be rented and used for a specific period of time (cf. n.p. 2018a).

Trade: Inventory Management and Ordering

One example of this is refrigerators that hold information about their contents. They manage the inventory and are familiar with the habits, typical consumption, and preferences of their owner and can order replenishments. This is bringing about a disruption in trade (cf. n.p. 2018a).

Financial Services

Fintech services are making it quicker and simpler to make payments (cf. n.p. 2018a). This includes:









· Payment services – rapid and simple payments, i.e., digital/electronic payment services
· Robo-advisors
· Payment services
· Mobile payment
· Micro-loans
· Crowdlending
· Online/direct banking
· Crypto-blockchain applications and
· Digitalized loans or investments.

One of the consequences of smart services is that it may no longer be worthwhile for some individuals to buy a car. It may be cheaper to use their smart phones to order a car based on their individual situational requirements and location. This is referred to as a “car sharing” service. Another version of this service exists in the form of driving services such as Uber (cf. n.p. 2018a; BMWi 2017, p. 4ff.).	Comment by David Stockings: This repetition of the same information as under "Automobil: Mobilität/Mobil ordern/Sharing/Dienstleistungsangebote nutzen" reflects the ST, but is perhaps accidental?

Customers that require a specific piece of software can rent it instead of buying it. This is referred to as “software-as-a-service” (SaaS). Here, the software can be rented and used for a specific period of time (cf. n.p. 2018a).

Media: “On Demand” Business

Using smart services, customers can access media services at any time and based on their needs. This is referred to as “on demand” business and yields savings in both resources and time, as in the case of streaming providers like Netflix and Spotify, for example. The providers are also able to supply customers with suitable media content quickly and cheaply via the internet. Media smart services are also being increasingly used in other sectors with great success (cf. n.p. 2018a).

Medicine

Smart services are seeing an increasing use in medicine. Creating stronger connections between doctors, patients, and operating theatres, for example, can increase efficiency in patient care. They can also improve treatment results (cf. n.p. 2018a; BMWi 2017, p. 14ff.).

Machine Engineering: Digital Platforms/Fully Automated Marketplaces/Production Optimization/Actively Ensuring Full Machine Capacity Use

Smart services are bringing about innovations in the private sector, in the economy, and in administration. The innovations associated with smart services are particularly relevant in the industry. These are essential to (international) competitiveness, amongst 
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other things. Digital platforms are already leading to the emergence and development of fully automated marketplaces and will continue to do so in the future. AI is providing the means to continuously optimize production. It also means that machines can bid for work, doing so actively and autonomously (cf. n.p. 2018a; BMWi 2017, p. 20ff.).

However, smart services are bringing about entirely new challenges in machine engineering. They are also leading to the creation and advancement of new business models (cf. BMWi 2017, p. 20ff., p. 45).


Summary

Digitalization is a major topic with wide-ranging implications. It is bringing about radical changes in all areas of the economy and society. One of the consequences of this development is that value-based partnerships and coproductions, along with know-how in big data or data analysis, are emerging as significant competitive advantages. This, in turn, is leading to the substitution and displacement of the traditional requirements and advantages that previously applied to the development of a product or service.

Cyber-physical production systems are a key foundation for smart services, particularly in the processing industry. These are constructs made up of production systems that provide data to the control system, via the use of sensors and actors. Once received, the data is evaluated by the control system, which then sends it back to the production system. A cyber-physical production system also includes smart means of production that hold information regarding their individual production process. The data and services can be used anywhere in the world via the Internet of Things (IoT) and cloud services. In accordance with the Industry 4.0 approach, all objects within a production network are allocated a new identity via the internet. A reciprocal connection is created between the systems involved in the production via interfaces. To accommodate this sort of development, more smart services data centers are required in the place of factories. These services require the exchange and corresponding evaluation (smart data) of huge amounts of data (big data) via the cloud or the internet.

Using new technologies, particularly sensors, processors, artificial intelligence (AI), and cloud connections, allows providers to offer tailored customer solutions and smart services. This is bringing about fundamental changes in some value-creation chains, and the resulting digital business models are prompting a major change in thinking. For example, the emphasis is shifting from ownership to an “as-a-service” approach. Smart services are bringing about innovations.










 (
These are essential to (international) competitiveness. Digital platforms are already leading to the emergence and development of fully automated marketplaces and will continue to do so in the future.
)
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