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Abstract 

Due to increasing cost pressure, companies are expanding their product range and therefore 

increasingly offering so-called product-service systems (PSS) to increase sales. At the same time, PSS 

can also contribute to an increase in variety-induced complexity in the company, which ultimately 

further increases cost pressure. In this article, the causes and effects of variety-induced complexity 

through products, services and PSS are analysed and the need for a new PSS design method is then 

demonstrated. Finally, a new framework is presented that enables the design of variety-oriented PSS. 

Keywords: product-service systems (PSS), design methods, modularisation, variety-induced complexity 

1. Introduction 

Due to megatrends such as globalization or individualization, manufacturing companies are exposed to 

high cost pressure. This leads to a decline in competitiveness (Krause and Gebhardt, 2018). As a way 

out, companies often try to generate higher demand by diversifying their product range (ElMaraghy et 

al., 2013; Krause et al., 2014). Further drivers of diversification are dynamic requirements and 

customers’ individualisation wishes. In the long term, however, this strategy will lead to an 

increase in product and process variety within the company and, in particular, to an increase in 

variety-induced complexity. This leads to a reduction in profitability and ultimately increases cost 

pressure (Krause and Gebhardt, 2018). These relationships are referred to as the vicious circle of 

diversification (Krause and Gebhardt, 2018) and are illustrated in Figure 1. 

 
Figure 1. Vicious circle of diversification (Rathnow, 1993; Krause and Gebhardt, 2018)  

Vicious circle of 
diversification

New 
variants

High cost 
pressure Descending 

competitiveness 

Expansion of 
external variety 

START

Increased 
product-variety

Increased complexity 
in the company

Increased 
process-variety

Individual 
demand

Dynamic 
requirements 

Modular 
product families



 

1346 DESIGN INNOVATION, INFORMATION AND KNOWLEDGE 

One possibility to avoid cost pressure is the transition from a manufacturing company to a solution 

provider (Alonso-Rasgado and Thompson, 2006). In this context, associated services are offered in 

addition to the product. The solutions consist of products and services and are referred to as product-

service systems (PSS). The term servitization is used to describe the gradual relationship between 

products and services (Tukker, 2004; Kreye et al., 2015). PSS offer many advantages for suppliers and 

users, such as stronger customer loyalty, optimised recycling management or the creation of new sales 

opportunities by differentiating from competitors (Mont, 2002; Alonso-Rasgado and Thompson, 2006; 

Isaksson et al., 2009).  

By offering PSS, the solution space for realizing customer requirements is expanded (Sundin et al., 

2009) and the external diversity can be increased (Isaksson et al., 2009). The problem here is that the 

prior knowledge for structured service development is often lacking and ad-hoc solutions are 

implemented instead (Larsen et al., 2019). In the long term, however, the processes that are necessary 

to fulfil the services ensure that the process diversity increases and ultimately the complexity in the 

company only increases further (Ezzat et al., 2019).  

One way of escaping the vicious circle in the long term, as shown in Figure 1, is the development of 

modular product families (Krause and Gebhardt, 2018). These make it possible to reduce the variety of 

components, the variety of processes and thus reducing the variety-induced complexity in the 

company. In order to meet the changed requirements of PSS development, existing methods for 

product development must be adapted in order to be able to explicitly consider process complexity 

within the PSS development. 

Variety-induced complexity is a well-known topic in product development. In the context of PSS 

development, the importance of complexity is increasing, because in addition to product complexity, 

also service and process complexity arise and must be considered in an interdisciplinary manner. In 

this contribution, the relevance and effects of variety-induced complexity will be highlighted. Based 

on the findings, a framework for the development of variety-oriented PSS is presented. 

In this contribution, section 2 explains the basics required for PSS, products and services. Section 3 then 

contains a literature review on the significance of variety and variety-induced complexity in product, 

service and PSS development and the derivation of the need for action. Based on this, an initial framework 

for the development of variety-oriented PSS is presented in section 4. In addition to the variety-oriented 

design of the product and service components, the focus of the framework is on systematic planning of 

variety through a systematic division of customer requirements into product and service specifications. 

Finally, section 5 summarises the contribution and gives an outlook on further steps. 

2. Background 

Product-service systems (PSS) have various designations in the literature (Cavalieri and Pezzotta, 

2012), such as Total Care Product (Alonso-Rasgado and Thompson, 2006) or Industrial Product 

Service Systems (Meier et al., 2010). Despite different names, the definitions are all very similar. A 

widely used definition of PSS is the one of Goedkoop (1999): It defines PSS as a marketable set of 

products and services to meet customer needs. Other authors also describe PSS as an integrated set of 

products and services that offers customers additional value (Alonso-Rasgado and Thompson, 2006; 

Tukker and Tischner, 2006; Baines et al., 2007; Vasantha et al., 2012). The ratio between service and 

product is not fixed, but can vary between the two extremes pure product and pure service 

(Goedkoop, 1999; Tukker, 2004). A customer need can therefore be met by different compositions of 

product and service shares (Tukker, 2004). Different types of PSS are shown schematically in Figure 

2. Product-oriented PSS focus on the sale of the product, whereas in use-oriented PSS, e.g. renting of 

machines, the business model is not only based on selling products. Instead, it is a value cocreation of 

product and services. In result-oriented PSS, like pay-per-use business models, customers do not buy 

machines anymore but pay for a defined outcome instead (Tukker, 2004). 

According to Goedkoop (1999), a product is a tangible good that is manufactured for sale and serves 

to meet customer needs. Shostack (1982) describes products as tangible and existent in space and time. 

Tangible goods can be composed in different proportions of mechanical, electronic and software 

component. In this article, the term product is used to describe a tangible good that can be composed 

of mechanical, electronic and software components to meet customer needs. 
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Figure 2. Different categories of product-service systems (according to Tukker, 2004)  

In contrast to a product, a service is intangible. It is temporally determined (Shostack, 1982) and 

describes a change of state, from one object to another, with an economic value (Goedkoop, 1999; 

Hara et al., 2009). To distinguish services from products, Alonso-Rasgado and Thompson (2006) 

name five properties of services: intangibility, inseparability, perishability, ownership and 

heterogeneity. While physical products are tangible, services consist of processes and skills of people 

and other resources which achieve the desired output only together (Goldstein et al., 2002; Alonso-

Rasgado and Thompson, 2006). Because they are not tangible, services are produced and consumed 

simultaneously, they cannot be stored (Alonso-Rasgado and Thompson, 2006). Another essential 

feature of services offered in this context is complexity (Benedettini and Neely, 2012). 

Complexity is not only a property of services, but can also be caused by products and PSS. The effects 

of complexity, and in particular the variety-induced complexity, are explained and analysed in the 

following section. 

3. Variety-induced complexity and PSS 

Complexity is an interdisciplinary topic and, according to Brosch and Krause (2011), can be viewed 

from the perspective of product development from four different perspectives. In the following, the 

focus is on the perspective of design property. This includes the number of elements and their 

relationships and the variability over time (Brosch and Krause, 2011). The expansion of the product 

range is usually realized by generating new variants, i.e. the variety is increased. In order to manage 

the increased number of variants, there are various approaches in the field of variety management. The 

goal of variant management is usually to reduce variety-induced complexity and the resulting 

complexity costs (ElMaraghy et al., 2013). 

3.1. Variety-induced complexity caused by products 

The state of the art is that an increasing external diversity in the company increases the variety of the 

products and thus has effects on the variety-induced complexity in the company (ElMaraghy et al., 

2013). Ripperda and Krause (2017) have analysed and summarised the effects of a high variety in the 

different product life phases. For example, a high degree of variety in product development results in 

additional expenditure in the development of new products, in the documentation of the development 

or in additional testing (Ripperda and Krause, 2017). In the usage phase, a high product variety means 

a high spare parts inventory, but also a higher risk of complaints (Ripperda and Krause, 2017). 

Multidisciplinary is an additional driver of complexity, since products no longer consist only of 

mechanical components, but also electrical and software components (ElMaraghy et al., 2012). All 

this leads to an increasing complexity in the company and can be summarized as variety-induced 

complexity (Ripperda and Krause, 2017). 

The development of modular product structures is proposed as a measure to reduce variety-induced 

complexity (ElMaraghy et al., 2013; Ripperda and Krause, 2017). An established approach aimed at 

reducing internal product and process variety is the Integrated PKT-Approach for developing modular 

product families developed by the Institute of Product Development and Mechanical Engineering 

Design (PKT) (Krause et al., 2014; Krause and Gebhardt, 2018). This approach eliminates 

unnecessary variety in the product in the first step and includes modularization as the second step. The 
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approach has been validated in a large number of industry and research projects and has reduced 

variety-induced complexity in companies, see e.g. (Greve and Krause, 2019). 

3.2. Variety-induced complexity caused by services 

One characteristic of service processes is that they are complex (Shostack, 1982; Benedettini and 

Neely, 2012). Their complexity does not only affect the company, but is usually also perceived by the 

customers (Thakor and Kumar, 2000; Reid, 2008). When considering complexity, it must be kept in 

mind that not all services generate the same degree of complexity. For example, pure maintenance or 

after-sales support usually mean a lower increase in complexity than performance-based services, 

which are billed on a usage basis. This is due to the fact that performance-based services usually 

consist of significantly more process steps and require more resources (Kreye et al., 2015). In general, 

the provision of services often leads to more complex contracts (Sundin and Bras, 2005). 

According to Tuunanen and Cassab (2011), the effects of increased complexity are that the provision 

of services becomes more resource-intensive for the company. At the same time, it can also have a 

negative impact on customers, who can be overburdened by the high complexity and thus be deterred 

(Tuunanen and Cassab, 2011). This must be avoided, as in many cases customers are actively involved 

in the service processes (Vargo and Lusch, 2004).  

Benedettini and Neely (2012) have dealt with service-related complexity. They analysed 76 potential 

factors from the literature that influence service complexity in the company. Of these 76 factors, some 

factors such as “service is offered according to many differentiated options”, “service organization 

offers many different services”, or “service contains a high number of sub-services” (Benedettini and 

Neely, 2012) can be attributed to a high variety of services, i.e. it is variety-induced complexity. 

3.3. Variety-induced complexity caused by PSS 

PSS is an interdisciplinary topic that is dealt with by the engineering and economic sciences, among 

others. It affects not only manufacturing companies, but also the service sector, such as finance or 

healthcare (Kreye et al., 2015). However, in most cases, PSS are created on the basis of existing 

products that are enriched with services (Tukker, 2004).  

Similar to products, an increasing diversification and differentiation of the PSS gradually increases the 

variety of services and thus the internal complexity (Sundin et al., 2009; Zou et al., 2018; Larsen et al., 

2019; Ezzat et al., 2019). Ezzat et al. (2019) have found that the complexity caused by product 

diversity is further increased by the coupling of tangible products and intangible services. Thus, a 

differentiation of the offer is usually connected with an increasing internal variety-induced 

complexity. The increasing complexity resulting from offering PSS poses a challenge for companies 

(Wang et al., 2011).  

For this reason, research in the last few years has dealt with the topic of complexity from an 

engineering and economic point of view. Various drivers of variety-induced complexity have been 

identified. Figure 3 shows an excerpt of the various complexity drivers in the context of PSS. 

 
Figure 3. Drivers for variety-induced complexity (Zou et al., 2018; Tuunanen and Cassab, 2011;  

Benedettini and Neely, 2012) 
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attributed to a high internal service diversity (Zou et al., 2018). Examples are the number of service 

components (Smith et al., 2014; Kreye et al., 2015; Braun and Hadwich, 2016; Sakao et al., 2017), the 

variety of service components (Braun and Hadwich, 2016; Brax and Visintin, 2017; Sakao et al., 

2017) and the number of interactions between service components (Kreye et al., 2015; Sakao et al., 

2017). These can be summarized as variety-induced complexity. 

So far, services have often been seen only as an addition to the product, such as commissioning or 

product training. Thus, services are often not sufficiently taken into account in development or are 

even developed separately (Isaksson et al., 2009). At the same time, existing revenue sources such as 

maintenance and spare parts business are turning into a cost item for PSS. This paradigm shift must be 

taken into account when developing PSS and the associated business models (Manzini and Vezzoli, 

2003; Tukker, 2015). 

Since variety-induced complexity cannot be avoided and, according to Kreye et al. (2015), offering PSS 

leads to increasing complexity in the company, methods for the development of PSS must take this into 

account and try to reduce variety-induced complexity and make it controllable in the long term.  

Tuunanen and Cassab (2011) assume that the approaches to develop modular product structures from 

product development (see e.g. Robertson and Ulrich, 1998; Du et al., 2001; Salvador, 2007) can also 

be applied to the development of PSS. For example, a service platform can be developed that provides 

the basic functionality and can be configured to different PSS variants using flexible service modules 

(Tuunanen and Cassab, 2011). Ezzat et al. (2019) also cite modularity as the key to mastering variety 

in the provision of PSS. 

For these reasons, special methods must be provided for the development of PSS that take into account 

the entire product life cycle and the interaction between product and service (Mont, 2002; Isaksson et 

al., 2009; Lindahl et al., 2014; Tukker, 2015; Schuh et al., 2017). For PSS, it is no longer sufficient to 

develop individual products. The aim is the design of an entire system consisting of various 

components, processes and stakeholders (Isaksson et al., 2009).  

A special feature of PSS development is the importance of the early phase of development. The full 

potential of PSS can only be exploited if product and services are developed together from the earliest 

concept phase (Isaksson et al., 2009; Martinez et al., 2010; Cavalieri and Pezzotta, 2012; Vasantha et 

al., 2012; Matschewsky et al., 2018). Vezzoli et al. (2015) and Alonso-Rasgado and Thompson (2006) 

emphasize the relevance of integrated product and service development in the early phase of product 

development in order to ensure efficient interaction of the individual product and service components 

during the entire product life cycle. Song and Sakao (2017) also see the early phase as critical for the 

success of PSS development. From this it can be derived that in development methods for PSS in 

particular the early phase of product development, e.g. concept development, must be taken into 

account in order to ensure the success of PSS. Isaksson et al. (2009) confirm this by writing in their 

contribution that new development processes are needed that already take into account the special 

features of PSS in the early phase of product development. In most cases, existing physical products 

must be adapted to the provision of PSS (Isaksson et al., 2009). 

If these findings are combined with the proposed solution that the development of modular product 

structures is one way of reducing complexity (Tuunanen and Cassab, 2011; Ripperda and Krause, 

2017; Ezzat et al., 2019), it can be concluded that in the development of modular PSS in particular 

variety-induced complexity should be reduced by consciously reducing service component and 

product component variety.  

Various approaches for the development of modular PSS are known in the literature. In their contribution 

Larsen et al. (2018) analysed ten different methods for the development of modular PSS and derived four 

generic core steps from these, which can be found in almost all methods. These four steps are 

“identification of customer requirements”, “translation of customer requirements into service 

specifications”, “design of service modules” and the final “definition of the module structure” (Larsen et 

al., 2018). The methods analysed focus on modularisation of services, but modularization of products is not 

sufficiently addressed. In addition, only few methods contain all four steps.  Methods are missed, which 

support the entire development. In addition, product and service are usually modularised separately (Larsen 

et al., 2018). This, and the simplification that only one service instead of a service family is considered, 

leads to the fact that the variety-induced complexity of the PSS cannot be sufficiently considered. 
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Rennpferdt et al. (2019) confirm in a similar analysis that existing approaches for the development of 

modular PSS often only focus on the development of services and do not deal with the holistic 

development of product and service modules. In the approaches dealing with the development of 

modular product structures, modules are mainly formed from a technical-functional point of view. 

Product strategic module drivers are usually not taken into account. However, this is elementary with 

regard to the life cycle consideration of PSS and the long useful lives (Rennpferdt et al., 2019). 

Variety and variety-induced complexity are also not taken into account in the approaches analysed. 

Finally, it can be said that variety-induced complexity occurs in products, services and PSS alike. One 

measure to reduce variety-induced complexity is the development of modular product structures that 

enable a reduction of internal diversity within the company. In order to develop modular PSS, new 

methods must be provided that are geared to the special requirements of PSS development. However, 

existing methods for developing modular PSS do not take into account the effects of variety and do 

not aim at reducing variety-induced complexity. In summary, there is still a need for research into a 

method for developing these modular PSS that considers the reduction of variety and thus the variety-

induced complexity as a separate step in the PSS development process. To fill this gap, a new 

framework is developed and presented in section 4. 

4. Proposed framework for the design of variety-oriented PSS 

In this section a framework for the development of variety-oriented modular PSS is presented. Its aim 

is to reduce variety and thus the variety-induced complexity. The framework covers the four core steps 

of PSS development according to Larsen et al. (2018) and is intended for companies that want to 

transfer existing products into PSS. Because this transition is time-consuming and resource-intensive, 

it is often executed in steps. Therefore, the main focus of the framework is on the development of 

product-oriented and use-oriented PSS instead of result-oriented PSS (compare Figure 2). 

The novelty of the framework is the additional phase reduction of variety between the phases concept 

development and modularisation. This intermediate phase serves to reduce the variety before the 

modules are designed. This enables companies to specifically reduce the variety and the variety-

induced complexity during the development of PSS. In addition, a verification of the results is planned 

after each phase to ensure that the final PSS meets customer requirements. Figure 4 shows the general 

structure of the proposed framework. In the following, the basic ideas and goals of the framework are 

explained. 

 
Figure 4. Proposed framework for the design of variety-oriented PSS  
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4.1. Prioritisation and classification of requirements 

In the first step, the customer requirements for the PSS are analysed. The goal is to categorise the 

requirements based on their affiliation to the product or service domain. The customer requirements 

are evaluated and grouped according to various criteria, such as costs, degree of novelty, effects on 

variety, etc. The criteria are selected specifically for each company and support the decision as to 

whether a customer requirement is to be realized in the product or service domain. A prioritisation of 

requirements helps to identify the most important requirements from the customer’s point of view, as 

these must be considered with particular care in the subsequent concept phase. 

The output of this step is the prioritised customer requirements, separated into requirements for the 

product and service domain, which form the input for the next step. 

4.2. PSS concept development 

The second step is the development of concepts for the PSS. The concept development is done in two 

sub-steps. First, a service concept is developed and the interfaces between service and product are 

defined. This is executed in several iterations, because first the most relevant requirements are 

implemented and then the less relevant requirements are included in the concept. Once the service 

concept has been created, supplementary product concepts are developed in the second sub-step to 

create a holistic PSS concept. Through the previously defined service concept and the interfaces the 

dependencies between product and service can be considered and simplified for the overall concept. 

This sequential concept development reduces the danger that there are different solutions for the same 

requirement in the PSS concept, which would increase the variety-induced complexity. 

With the help of the described procedure, different PSS concept alternatives can be developed, each 

pursuing different objectives, e.g. low service share or low manufacturing costs. The concepts created 

in this way are then evaluated and a final concept is selected for further processing. 

The output of this step is a concept for the PSS with the associated functions, as well as the product 

and service specifications that needs to be transferred into product and service components. 

4.3. Design of variety-oriented products and services 

In the third step, the selected concept is realized in product and service components required for the PSS 

variants. The development of products and services is carried out in parallel processes by the respective 

experts who have the appropriate specialist knowledge. The parallel development of the variety-oriented 

components enables the product and service domains to be decoupled as far as possible. This reduces the 

dependencies between products and services and also the complexity of the PSS. Nevertheless, 

continuous coordination and alignment of the two parallel development processes is essential for parallel 

development. In particular, the interfaces between the domains must be coordinated and verified. 

For the product domain, the Design for Variety method unit according to the Integrated PKT-approach 

(Krause et al., 2014) is used, since this method unit reduces the product variety. Since electronic 

components and software are also considered in PSS, adaptations of the method to the special 

boundary conditions are necessary (Rennpferdt and Krause, 2019). An additional input for variety-

oriented product design is the existing product structure of the company. This could be used as a 

starting point in the design of the product components.  

For the development of the service components the extended service blueprinting according to Hara et 

al. (2009) could be adapted and used to reduce the service variety. For this the design principles of the 

Design for Variety method can be used (Krause et al., 2014). Depending on what is available in the 

company, existing service concepts can be used as input or new services can be developed. 

The results of this step are variety-oriented product and service components. These realise the required 

components of the PSS with as little internal variety as necessary and enable a reduction of variety-

induced complexity. 

4.4. Modularisation of components and configuration of variants 

In the fourth step of the framework the Life Phase Modularisation from the Integrated PKT-approach 

(Krause et al., 2014) is used to develop PSS modules. The Life Phase Modularisation combines 
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technical-functional with product-strategic aspects to define the modules (Krause et al., 2014). Thus, 

the modules can be designed in such a way that the requirements for the module structure of the 

different life phases can be taken into account. In order to take services into account, it is necessary to 

add service-specific module drivers. Another necessary adaption is the consideration of the usage 

phase in the harmonisation of the module structure.  

From the developed modules, the final PSS can then be configured and offered on the market. Due to 

the variety-oriented development these PSS cause as little variety-induced complexity as possible 

within the company and thus improve the competitive position on the market. 

The output of this step is a module structure for the PSS family.  

5. Conclusion and outlook 

In this contribution, definitions of product, service and PSS are given. This is followed by an 

explanation, based on a literature review, how complexity in general and variety-induced complexity 

in particular arises in products, services and PSS and what effects on companies they may have. As a 

countermeasure against increasing complexity, the development of modular product structures is 

discussed in the literature. To develop modular product structures in PSS, existing methods need to be 

adapted. Since existing methods for the design of modular PSS do not take variety-induced complexity 

into account, a need for a method for the development of variety-oriented PSS is identified. 

Subsequently, a framework is presented which is supposed to cover this need. The four-step 

framework is briefly introduced, and the basic ideas and the related method steps are explained. The 

novelty is an additional design phase between the concept development and the modularisation in 

which the product and service components are designed to cause as little variety as possible. The 

proposed framework is designed to support companies to diversify their product range (meaning 

products and services) while keeping variety-induced complexity as low as possible and thus remain 

more competitive. 

In future, the framework needs to be elaborated. Among other things, tools and support for the 

individual steps are to be provided. Also, it should be elaborated which method steps are best suited 

for the aims of the four steps. In addition, further criteria and company constraints should be taken into 

account when evaluating the classification into product or service specifications. Finally, the 

framework must be validated using an industrial example. 
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