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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Product-Service Systems (PSS) are seen as an important part in moving towards increased environmental sustainability within the holistic concept 

of a circular economy. While PSS are increasingly prevalent in industry and a multitude of methods and tools have been developed to aid their 

implementation and use, this paper argues that the concept may be meaningfully extended beyond the design and provision of products and 

services alone to include large technical systems. Through a literature review and the analysis of four case studies, commonalities and differences 

between PSS and large technical systems are identified. While this only constitutes a first step into the expansion of the scope of PSS and 

additional, more applied research is required, the PSS concept is discussed as a key facilitator of improved environmental performance of 

industrial activities and consumption if applied on a system-level.  
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1. Introduction 

How to reconcile economic growth with environmental 

sustainability remains a central discourse on the global agenda 

[1]. This is because contemporary environmental challenges 

such as climate change, biodiversity loss, depletion of material 

and energy recourses do not only pose threats to current 

economic systems, but could persist through several 

geographic and time scales, restraining the ability of future 

generations to meet their own needs [2]. As a response, several 

approaches continue to be propounded and applied on different 

scopes and contexts to create synergies between economic 

growth and environmental sustainability. 

In industry, predominantly due to pressure for more efficient 

manufacturing processes, products and services from 

governments and customers alike, industrial companies are 

increasingly moving towards providing integrated offerings of 

products and services compared to a sole focus on product sales 

[3]. The premise of this shift in industrial focus is that 

servitization will create win-win situations for environmental 

and corporate competitiveness. Industry practices to 

incorporate sustainability practices started as early as the 1980s 

with the adoption of end-of-pipe technologies, which were 

regarded as additional costs. In the 1990s, a general shift in 

mind-set from this reactive approach to environmental 

problems occurred, towards a more proactive approach where 

industrial companies anticipated and tackled their 

environmental burdens in a more integrated way, both in their 

production processes and outcomes [4].  

Within this proactive mind-set, several tools, strategies and 

business models emerged, such as eco-design, life-cycle 

design, design for environment, green product design and 

product-service system (PSS) design. These have been applied 

to systematically integrate sustainability in industrial processes 

and offerings [5]. In recent times, the concept of PSS continues 

to be applied in industry with a dominant focus on delivering 

functionality by combining products and services to satisfy 

customer needs, ideally with a potentially lower environmental 

impact compared to traditional product sales [6,7] . However, 

in a recent scientific publication, Kanda, Sakao et al. (2016) [5] 
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further call for the expansion of the concept of PSS even to 

large technical systems with the potential to deliver system-

wide environmental benefits. In particular, they argue that the 

insights gained from the eco-design and PSS design focused on 

products and services are of a limited scale compared to the 

long-term, deep structured and systemic changes needed to 

tackle contemporary environmental challenges. 

Thus, the goal of this article is to expand the current scope 

and purpose of the concept of PSS design to cover large 

technical systems such as district heating, waste management, 

and renewable energy systems. In this expansion, the research 

departs from the concept of PSS as a business model as defined 

by Goedkoop et al. (1999) [8]: In this, PSS are jointly designed, 

marketed and provided solutions comprised of products and 

services with a focus on fulfilling a user’s needs. Thus, the 

focus lies on the lifecycle focus, particularly on highest 

efficiency in the use phase, from the earliest stages of design 

and the strong integration of products and services throughout 

the offering. 

This expansion in scope and purpose is inspired by the 

contributions that PSS design, including its related concepts, 

models, methods, tools and their application, have made on 

environmental improvements and economic gains in industry. 

It is thus argued that even wider-systemic environmental 

benefits can be gained with an expanded focus from products 

and services to include large technical systems and their non-

technological aspects such as consumption, regulations, 

institutions, human factors and social factors [4].  

However, such expansions in focus and purpose of PSS 

would not only bring win-win situations. There could be 

unforeseen challenges for technology providers which have not 

been traditionally addressed in the PSS literature. For example, 

the current literature on PSS deals with business-to-consumer 

and business-to-business contexts with emerging discussions 

on the business-to-government context in which large technical 

systems often reside [9,10]. Issues such as policy, lowering of 

boundaries for customers, market entry modes, and legal 

aspects could become more important. Such a contribution is 

not only interesting for the academic discourse but also owners 

and stakeholders tasked with the development of such large 

technical systems.  

2. Method 

The overall method adopted in this article is exploratory 

since the idea to expand the concept of PSS from products and 

services to large technical systems is emerging but not a 

dominant discourse in the related literature [11]. The research 

method to collect and analyze empirical data consisted of two 

main parts – a literature review and case studies. 

2.1. Literature review 

Initially, the goal was to gain an overview of the state-of-

the-art in research on PSS also focusing on large technical 

systems. To this end, a literature review was conducted. 

The search providing the backbone to this review was 

conducted on September 14th, 2017 on the Scopus database. 

Both the terms large technical systems and socio-technical 

systems were included in the query. The documents identified 

mentioned both PSS or a similar term and large technical 

systems or sociotechnical systems in their keywords, 

publication titles or abstracts. Further, in contrast to applying 

even more inclusive field codes such as “ALL”, mentions of 

the terms in references and other less relevant fields could be 

excluded. The term “sociotechnical systems” was included as 

a search for only large technical systems produced a low yield. 

Overall, the search yielded 16 results, 11 of which were 

deemed relevant after checking the titles. After examining the 

abstracts of these papers, 7 results remained, which are 

mentioned first in laying out the state of the art in Section 3. In 

order to complement the data identified by this approach, 

additional searches were conducted in the references of the 

identified papers, other search engines as well as in the authors’ 

own archives. This rendered further 3 relevant papers. 

Characteristics of PSS in the context of large technical 

systems were derived with the goal of performing comparisons 

with case studies of such systems in an effort to identify 

commonalities and differences. 

2.2. Case study 

The case studies used in this article are based on an analysis 

of data collected on the development and diffusion of large 

technical systems. The case companies selected are 

characterized by the development of large technical systems for 

district heating, renewable energy systems and waste 

management. A semi-structured interview guide was 

developed for face-to-face interviews which lasted between 

one and two hours and covered aspects such as the 

characteristics of large technical systems which influence their 

development and diffusion, customization of such systems to 

fit different contexts and related business models. The 

interviews were subsequently transcribed and analyzed 

thematically [12] to synthesize the characteristics of large 

technical systems.  

From the literature review conducted, key characteristics of 

PSS research focusing on large technical systems were 

identified, as depicted in Table 1 below. Furthermore, from 

empirical case studies on large technical systems, properties 

which influence their development and diffusion as depicted in 

Table 2 below were found. Based on these key characteristics 

from both the literature review and our empirical case studies, 

an exploratory discussion is offered on the potential to expand 

the concept of PSS beyond products and services to include 

large technical systems. To enhance the research quality, we 

used triangulation through multiple observations, and 

theoretical perspectives, and abstracted characteristics from our 

cases to make them transferable into other contexts. 

3. State of the art on large technical systems from a 

viewpoint of product-service systems 

While literature connecting large technical systems and PSS 

is scarce, the concept of socio-technical systems is mentioned 

more frequently and was key to many of the identified articles 

and conference papers. As an outcome, the results presented in 

Table 1, laying out the identified references, their key foci as 

 Author name / Procedia CIRP 00 (2018) 000–000  3 

well as most important characteristics, are predominantly 

centered on the latter concept. 

The research items investigated have varying foci, although 

departing from those, a number of recurring characteristics 

emerged. 

One such characteristic is an Actor and Stakeholder Focus. 

This is mentioned with a focus on internal [13–16] and external 

[10,15] stakeholder- and actor collaboration and interaction. 

These publications emphasize the various needs for working 

together within companies, e.g. during the design of PSS, as 

well as in-between companies, in order to identify synergies 

and opportunities for collaboration.  

Table 1. Items identified in the review, key foci and characteristics. 

Ref. 
Key foci 

Key 

characteristics 

[13] 
• Design of socio-technical systems 

• Stakeholder collaboration 

Multiple actors; 

Collaborative 

[17] 

• Solution- and function-oriented 

oriented 

• Radically reduced environmental 

impact 

Solution-

oriented 

[14] 

• Customer-provider interaction in 

sociotechnical systems 

• Actors and stakeholders in 

servitization 

Actor and 

stakeholder 

interaction 

[15] 

• Modelling of complex socio-technical 

systems 

• Stakeholders and organizations 

Interaction of 

stakeholders and 

organizations 

[18] 

• PSS as a vehicle to introduce 

environmental technology 

• Relevance of business models to 

hamper or support eco-innovation 

Business models 

and eco-

innovation  

[19] 

• Innovations required for 

sustainability 

• PSS design as a trigger for high-level 

radical change towards sustainability 

Sustainability 

[20] 

• Moving from a product-centric 

framework to a large-scale system 

centric framework 

From products- 

to system-centric 

framework 

[10] 

• Combining industrial symbiosis (IS) 

& PSS with excess heat as case 

example 

• Opportunities and challenges of 

pursuing combination of IS and PSS  

Inter-company 

collaboration 

[16] 

• Collaborative PSS development 

involving different stakeholders  

• Centered on needs of providers of 

large technical systems 

Collaborative 

development 

[21] 

• Maintenance of LTS with a lifecycle 

perspective 

• LTS offered in scope of PSS business 

model 

Lifecycle 

perspective 

 

A further characteristic of note with respect to PSS in the 

context of large technical systems and socio-technical systems 

was their Solution Focus. In the articles included in the review, 

papers [17] and [19] focus on this, while a large number of 

articles sees solution-oriented PSS as key to achieving the 

substantial improvements in sustainability required [6,22,23]. 

The last overall characteristic identified in literature 

focusing on both large technical and socio-technical systems is 

the evident Life Cycle Focus. This is remarked with particular 

emphasis on design [20], operation [14] and whole-life 

considerations [17,18,21].  

Thus, as a result of scrutinizing the identified literature, 

three overall characteristics have emerged: 

• Actor and Stakeholder Focus 

• Solution Focus 

• Life Cycle Focus 

While these characteristics are neither novel nor surprising, 

they do offer the opportunity to perform meaningful and 

concise comparisons between existing research on PSS and 

large technical systems and case studies of large technical 

systems that have not yet been examined from the viewpoint of 

PSS.  

4. Lessons learned from cases of large technical systems  

In this section, empirical case studies are presented 

regarding the activities of four companies engaged with the 

development and diffusion of large technical systems.  

Case 1 – (waste-to-energy systems) 

Case 1 is a company specialized in the development of 

waste-to-energy systems, in particular incineration systems 

with heat and power generation. The company selected target 

markets based on different criteria such as the projected 

generation of large volumes of municipal solid waste, a 

demand for heating and electricity, the existence of distribution 

infrastructure for district heating and also regulation banning 

the landfilling of organic waste. The company’s business 

models revolved around its experience in developing and 

operating such waste-to-energy systems and thus the first step 

was to conduct a market analysis to identify the feasibility of 

such projects and also potential customers. This initial step was 

then followed by an effort to find and secure the agreement of 

a customer who would eventually own and operate this large 

technical system. Since municipal solid waste management is 

in many cases the responsibility of cities and municipalities, 

their potential customers are often public or large sized private 

companies. Furthermore, dealing with waste management 

means that the business model of the company has to deal and 

interact with several actors and markets related to a raw 

material market for waste, a technical market to select different 

types of technical solutions, an energy market for the heat and 

electricity generated. These different but related markets have 

varying regulations and actors which interact with and 

influence the business activities of the company.  

Case 2 – (biogas production systems) 

The second case company specializes in the entire value 

chain of building and operating biogas systems from the 

collection of waste, digestion, upgrading and use as vehicle 

fuel. The company has focused on different target markets and 

customers based on the availability of public funding to 

develop biogas systems, the demand for end-treatment for 

organic waste, the projected supply of raw materials, and the  
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While these characteristics are neither novel nor surprising, 

they do offer the opportunity to perform meaningful and 

concise comparisons between existing research on PSS and 

large technical systems and case studies of large technical 

systems that have not yet been examined from the viewpoint of 

PSS.  

4. Lessons learned from cases of large technical systems  

In this section, empirical case studies are presented 

regarding the activities of four companies engaged with the 

development and diffusion of large technical systems.  

Case 1 – (waste-to-energy systems) 

Case 1 is a company specialized in the development of 

waste-to-energy systems, in particular incineration systems 

with heat and power generation. The company selected target 

markets based on different criteria such as the projected 

generation of large volumes of municipal solid waste, a 

demand for heating and electricity, the existence of distribution 

infrastructure for district heating and also regulation banning 

the landfilling of organic waste. The company’s business 

models revolved around its experience in developing and 

operating such waste-to-energy systems and thus the first step 

was to conduct a market analysis to identify the feasibility of 

such projects and also potential customers. This initial step was 

then followed by an effort to find and secure the agreement of 

a customer who would eventually own and operate this large 

technical system. Since municipal solid waste management is 

in many cases the responsibility of cities and municipalities, 

their potential customers are often public or large sized private 

companies. Furthermore, dealing with waste management 

means that the business model of the company has to deal and 

interact with several actors and markets related to a raw 

material market for waste, a technical market to select different 

types of technical solutions, an energy market for the heat and 

electricity generated. These different but related markets have 

varying regulations and actors which interact with and 

influence the business activities of the company.  

Case 2 – (biogas production systems) 

The second case company specializes in the entire value 

chain of building and operating biogas systems from the 

collection of waste, digestion, upgrading and use as vehicle 

fuel. The company has focused on different target markets and 

customers based on the availability of public funding to 

develop biogas systems, the demand for end-treatment for 

organic waste, the projected supply of raw materials, and the  
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Table 2. Key characteristics of large technical systems identified from cases. 

Case 

reference 

Key foci and Interviewees Key Characteristics 

Case 1-

Usitall 

AB 

Waste-to-energy systems 

(incineration with heat and 

power generation) 

Chief Executive Officer 

Company´s offering is 

influenced by different but 

related markets (e.g. raw 

material, technical, heat and 

electricity markets) 

Case 2-

Swedish 

Biogas 

Internat- 

ional 

Biogas production systems 

(collection, digestion, 

upgrading and distribution of 

biogas as vehicle fuel) 

Project Manager and Process 

Engineer 

 

Company deals with 

customers with different 

requirements, capabilities 

and value for biogas (e.g. 

self-financed private 

farmers, and publicly 

financed city projects). 

 

Customization of offering 

(technology and business 

model) to fit different 

customers. 

Case 3-

Vafab 

Miljö 

Material recycling systems 

(e.g. recycling centers, waste 

recovery and material 

recycling) 

Development Engineer 

The company has to 

collaborate with both 

private and public actors to 

deliver a proper functioning 

recycling system 

Case 4-

Svensk 

Biogas 

Biogas production processes 

Chief Executive Officer 

Biogas Research and 

development manager 

Public-private partnership to 

deliver company offering 

 

demand for the end products of organic waste digestion such as 

biogas and bio-fertilizer. The company participates in 

conferences, exhibitions, and trade fairs to showcase their 

technology and meet potential target customers. It further 

develops biogas production systems for different customers 

ranging from individual farmers who self-finance their projects 

to cities whose biogas projects are publicly financed. Due to 

the differences between customers regarding their 

requirements, resources and raw material characteristics, 

influence of regulation, incentives, the company’s activities 

including technology and business models are often customized 

to fit the needs of each customer.  

Case 3 – (material recycling systems) 

The company related to case 3 focuses its market expansion 

activities on material recycling systems. This includes systems 

for collection, transportation, recovery and recycling of solid 

waste from different sources such as households and industrial 

sectors. Their engagement with the development of large 

technical systems is thus targeted at customers such as cities 

and municipalities who have the responsibility to manage the 

solid waste coming from their inhabitants. The systems they 

develop covers the entire value chain related to solid waste 

management, from waste collection to monetizing the end-

products of waste treatment such as heat, electricity and 

recycled materials. To develop such systems, the company 

relies on co-operation with both private and public actors to 

deliver a proper functioning material recycling system. For 

example, the company cooperates with public actors such as 

national and local policy makers to formulate and enforce 

regulations concerning the sorting of household waste, the ban 

of landfilling organic waste and extended producer 

responsibility for certain categories of waste such as 

electronics. Furthermore, the company relies on the 

cooperation of individual households to follow such 

regulations, e.g. proper waste sorting, and on both private and 

public companies to purchase and utilize recovered and 

recycled material and energy in their industrial processes.  

Case 4 – (optimizing biogas production processes) 

The company related to case 4 focuses its market expansion 

activities on developing knowledge and competence for 

optimizing biogas production processes. It specializes in 

developing chemical additives, which can be added to the 

biogas production process and optimized based on favorable 

conditions inside the biogas digesters. The company’s market 

expansion activities studied mainly focus on a licensing 

agreement with a private chemical manufacturing company. 

The research and development unit for case company 4 has 

developed an additive which is part of the product portfolio for 

the chemical company and thus receives a fee based on the 

volume of product sales. The company also uses other 

supportive avenues and arenas for market expansion such as 

participating in international city networks to showcase their 

technologies and meet potential customers such as cities and 

municipalities seeking to optimize their biogas systems. 

The key foci and characteristics identified within the case 

studies are summarized in Table 2 (to the left). 

5. Applying PSS to Large Technical Systems 

The literature review on the concept of PSS and the case 

descriptions of companies developing large technical systems 

provide insights into synergies and conflicts of combining the 

two perspectives as shown in Table 3. In further exploration, 

this section will discuss whether or not it is meaningful to apply 

the concept of PSS to large technical systems. This discussion 

includes potential conflicts and synergies. 

Table 3. Interaction between key aspects of PSS and the results of the studies 

 PSS-related characteristics 

Interaction 
with internal 
and external 
actors and 
stakeholders 

Solution 
oriented 
offering 
instead of 
product 

Lifecycle and 
sustainability 
focus 

L
ar
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te
ch
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ic
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st

em
s 

re
la

te
d
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h
ar

ac
te

ri
st

ic
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Different types 
of markets (e.g. 
raw material; 
techn., energy; 
agric. markets) 

 X 
 

 

Different types 
of customers 
(e.g. private, 
public) 

X 
 

 X 
 

Customization of 
offering (e.g. 
diff. incentives, 
diff. reactions to 
policy, diff. in 
raw materials) 

 X 
 

 

Collaboration 
with public and 
private actors 

X  X 
 

X-Potential Synergies X- Potential Conflicts 
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The primary argument for a need to expand the focus of the 

concept of PSS from products and services to large technical 

systems stems from potential environmental benefits of such an 

expansion. Indeed, the application of the PSS concept to 

individual products and services such as refrigerators, aircraft 

engines, cars, mobile phones has resulted in these consuming 

less material and energy during their life cycle [20]. However, 

these improvements, often on a per-unit basis, lead to lower 

consumer costs which in turn may lead to increased overall 

consumption [24]. This paradox is referred to as environmental 

rebound effects and, although energy and material efficiency 

have increased throughout history per unit product and service, 

through approaches such as eco-design and PSS, absolute 

environmental pressures related to primary energy and raw 

material use have continued to rise [20,25].  

 

 

Fig. 1. Implications of applying the PSS concept to LTS. 

Thus, applying the concept of PSS to products and services 

has contributed significant environmental and economic 

competitiveness for industries but does not tackle sustainability 

challenges from the root [20]. Thus, a transition from a focus 

on product and service improvements alone towards wider 

approaches encompassing both technological and non-

technological dimensions is needed, as illustrated in Figure 1. 

Large technical systems, such as district heating systems, waste 

management and renewable energy systems offer the 

opportunity for such system-wide improvements since they 

encompass both technological aspects such as products and 

services as well as non-technological aspects such as 

institutions, organizational forms, business models, social 

norms, cultural values connected to production and 

consumption [4].  

Current progress made in the PSS literature can be expanded 

from a product and service (mainly technological) focus to a 

socio-technical focus (including non-technological aspects) if 

the concept is to contribute to a transition towards a circular 

economy. A conceptualization of this presumed progression as 

a result of such an expansion is depicted Figure 2. Such an 

expanded focus to large technical systems will provide 

incentives for suppliers to improve the material and energy 

efficiencies of their offerings across the life-cycle and also 

provide the opportunity to tackle potential environmental 

rebounds effects through institutional policies on consumption. 

Though the application of the concept of PSS to large 

technical systems seems interesting, there are potential 

conflicts which need to be addressed (see Table 3). First, since 

the customers of the large technical systems discussed are 

different and range from private individuals to cities companies 

to even cities, they can have different incentives and 

motivations to engage in PSS for environmental sustainability 

reasons. For example, substrates for producing biogas from 

substrates can be different in terms of volumes and 

characterization. Thus, suppliers of technologies who wish to 

Fig. 2. Conceptual relationship between improvement opportunities and scope taken with respect to increasing integration. 
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Table 2. Key characteristics of large technical systems identified from cases. 
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Waste-to-energy systems 

(incineration with heat and 

power generation) 

Chief Executive Officer 

Company´s offering is 

influenced by different but 
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material, technical, heat and 

electricity markets) 

Case 2-
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Biogas production systems 

(collection, digestion, 

upgrading and distribution of 

biogas as vehicle fuel) 

Project Manager and Process 

Engineer 

 

Company deals with 

customers with different 

requirements, capabilities 

and value for biogas (e.g. 

self-financed private 

farmers, and publicly 

financed city projects). 

 

Customization of offering 

(technology and business 

model) to fit different 

customers. 

Case 3-
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Miljö 

Material recycling systems 

(e.g. recycling centers, waste 

recovery and material 

recycling) 

Development Engineer 

The company has to 

collaborate with both 

private and public actors to 

deliver a proper functioning 

recycling system 

Case 4-

Svensk 

Biogas 

Biogas production processes 

Chief Executive Officer 

Biogas Research and 

development manager 

Public-private partnership to 

deliver company offering 

 

demand for the end products of organic waste digestion such as 

biogas and bio-fertilizer. The company participates in 

conferences, exhibitions, and trade fairs to showcase their 

technology and meet potential target customers. It further 

develops biogas production systems for different customers 

ranging from individual farmers who self-finance their projects 

to cities whose biogas projects are publicly financed. Due to 

the differences between customers regarding their 

requirements, resources and raw material characteristics, 

influence of regulation, incentives, the company’s activities 

including technology and business models are often customized 

to fit the needs of each customer.  

Case 3 – (material recycling systems) 

The company related to case 3 focuses its market expansion 

activities on material recycling systems. This includes systems 

for collection, transportation, recovery and recycling of solid 

waste from different sources such as households and industrial 

sectors. Their engagement with the development of large 

technical systems is thus targeted at customers such as cities 

and municipalities who have the responsibility to manage the 

solid waste coming from their inhabitants. The systems they 

develop covers the entire value chain related to solid waste 

management, from waste collection to monetizing the end-

products of waste treatment such as heat, electricity and 

recycled materials. To develop such systems, the company 

relies on co-operation with both private and public actors to 

deliver a proper functioning material recycling system. For 

example, the company cooperates with public actors such as 

national and local policy makers to formulate and enforce 

regulations concerning the sorting of household waste, the ban 

of landfilling organic waste and extended producer 

responsibility for certain categories of waste such as 

electronics. Furthermore, the company relies on the 

cooperation of individual households to follow such 

regulations, e.g. proper waste sorting, and on both private and 

public companies to purchase and utilize recovered and 

recycled material and energy in their industrial processes.  

Case 4 – (optimizing biogas production processes) 

The company related to case 4 focuses its market expansion 

activities on developing knowledge and competence for 

optimizing biogas production processes. It specializes in 

developing chemical additives, which can be added to the 

biogas production process and optimized based on favorable 

conditions inside the biogas digesters. The company’s market 

expansion activities studied mainly focus on a licensing 

agreement with a private chemical manufacturing company. 

The research and development unit for case company 4 has 

developed an additive which is part of the product portfolio for 

the chemical company and thus receives a fee based on the 

volume of product sales. The company also uses other 

supportive avenues and arenas for market expansion such as 

participating in international city networks to showcase their 

technologies and meet potential customers such as cities and 

municipalities seeking to optimize their biogas systems. 

The key foci and characteristics identified within the case 

studies are summarized in Table 2 (to the left). 

5. Applying PSS to Large Technical Systems 

The literature review on the concept of PSS and the case 

descriptions of companies developing large technical systems 

provide insights into synergies and conflicts of combining the 

two perspectives as shown in Table 3. In further exploration, 

this section will discuss whether or not it is meaningful to apply 

the concept of PSS to large technical systems. This discussion 

includes potential conflicts and synergies. 

Table 3. Interaction between key aspects of PSS and the results of the studies 
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The primary argument for a need to expand the focus of the 

concept of PSS from products and services to large technical 

systems stems from potential environmental benefits of such an 

expansion. Indeed, the application of the PSS concept to 

individual products and services such as refrigerators, aircraft 

engines, cars, mobile phones has resulted in these consuming 

less material and energy during their life cycle [20]. However, 

these improvements, often on a per-unit basis, lead to lower 

consumer costs which in turn may lead to increased overall 

consumption [24]. This paradox is referred to as environmental 

rebound effects and, although energy and material efficiency 

have increased throughout history per unit product and service, 

through approaches such as eco-design and PSS, absolute 

environmental pressures related to primary energy and raw 

material use have continued to rise [20,25].  
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Thus, applying the concept of PSS to products and services 

has contributed significant environmental and economic 

competitiveness for industries but does not tackle sustainability 

challenges from the root [20]. Thus, a transition from a focus 

on product and service improvements alone towards wider 

approaches encompassing both technological and non-

technological dimensions is needed, as illustrated in Figure 1. 

Large technical systems, such as district heating systems, waste 

management and renewable energy systems offer the 

opportunity for such system-wide improvements since they 

encompass both technological aspects such as products and 

services as well as non-technological aspects such as 

institutions, organizational forms, business models, social 

norms, cultural values connected to production and 

consumption [4].  

Current progress made in the PSS literature can be expanded 

from a product and service (mainly technological) focus to a 

socio-technical focus (including non-technological aspects) if 

the concept is to contribute to a transition towards a circular 

economy. A conceptualization of this presumed progression as 

a result of such an expansion is depicted Figure 2. Such an 

expanded focus to large technical systems will provide 

incentives for suppliers to improve the material and energy 

efficiencies of their offerings across the life-cycle and also 

provide the opportunity to tackle potential environmental 

rebounds effects through institutional policies on consumption. 

Though the application of the concept of PSS to large 

technical systems seems interesting, there are potential 

conflicts which need to be addressed (see Table 3). First, since 

the customers of the large technical systems discussed are 

different and range from private individuals to cities companies 

to even cities, they can have different incentives and 

motivations to engage in PSS for environmental sustainability 

reasons. For example, substrates for producing biogas from 

substrates can be different in terms of volumes and 

characterization. Thus, suppliers of technologies who wish to 

Fig. 2. Conceptual relationship between improvement opportunities and scope taken with respect to increasing integration. 
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apply the concept of PSS for large technical systems would 

need to highly customize their technological solutions and also 

their business models to fit the different categories of 

customers and their contexts. Furthermore, private and public 

customers can have conflicting interests with regard to 

environmental sustainability. In this regard, some customers 

might have short term profitability focus while others might 

have room for long term projects and long pay back times 

including working towards generating public good such as 

good air quality. These different incentives and motivations 

among different categories of customers should also be 

accommodated in the technological offerings and business 

models of PSS providers. In addition, these large technical 

systems do not only reside in single markets but cut across 

several market types. For example, waste management and 

renewable energy systems deal with the waste market where 

raw material quality and prices are determined, technical 

markets where different technical solutions for waste 

management and energy generation are selected, energy and 

agricultural markets to commercialize the products from waste 

treatment. A PSS application to such a system will require a 

granular understanding of all these different markets including 

their interactions which could be challenging for PSS 

providers. However, a systematic consideration of these 

different markets and their interactions would offer the 

opportunity for the PSS provider to offer solution-oriented 

offerings which meets the different needs of customers. 

6. Conclusion 

This paper has ventured to expand the concept of PSS 

beyond providing products and services alone – towards large 

technical systems and socio-technical systems.  

While a literature review gave insight on the state-of-the-art 

research on large technical systems and socio-technical 

systems, an analysis of four case companies provided empirical 

knowledge with respect to the development and diffusion of 

large technical systems. Based on comparing the two, a number 

of possible synergies, but also challenges, were identified. In 

discussing these, key opportunities found refer to 

environmental performance: While PSS alone can deliver per-

unit improvements and may incur rebound effects, an 

application to large technical systems may open the door 

towards system-wide improvements. However, challenges 

include the complexity of large technical systems and in turn, 

need for a very high level of customization to make PSS 

offerings work in such a broad context.  

Moving forward, a deeper investigation is needed in order 

to arrive at a comprehensive understanding of the potential of 

applying the PSS concept onto large technical systems.  
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