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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. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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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 

Insights about the interplay between business models of an enterprise and policies by governments in a circular economy (CE) context are limited. 
To fill the gap, this paper aims to analyse and learn from the interplays reported in the literature beyond the CE context. It focuses on 
product/service system (PSS) business models, and uses a systematic literature review. Six types of policies and nine components of a PSS 
business model are introduced in the analysis. Results show that frequently observed types of interplays are regulatory policies versus value 
proposition, revenue model, and cost model; economic policies versus revenue model and cost model. On the other hand, rarely reported types 
are the interplays with three types of polices co-regulation, information-based, and agreement-based policies. Future research includes broadening 
the scope in order to get a more complete picture as well as relating the proposed approach to the current EU context. 
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1. Introduction 

Our societies demand their own transformation toward a 
circular economy (CE) (e.g. [1, 2]). The European Commission 
has proposed in 2015 an ambitious action plan for member 
states to transform the economy and generate new and 
sustainable competitive advantages for Europe [3]. According 
to Korhonen et al. [4], CE is an economy constructed from 
societal production-consumption systems that maximise the 
service produced from the linear nature-society-nature material 
and energy throughput flow. It needs to address a breadth of 
constructs in our production-consumption systems. The 
production research communities, on the other hand, have 
provided scientific insights to improve resource efficiency and 
environmental sustainability that contribute to CE (e.g. [5, 6]). 
The insights obtained thus far mainly concern knowledge with 
production including design, and partly business models. 
Among others, the business model is regarded in particular as 

a critical component to be further researched and addressed for 
our societies to move toward to a CE (e.g. [7, 8]).  

Even the CE Action plan of the European Union identifies 
new business models as key innovation to rethink our ways of 
producing and consuming and to shape the future of our 
economy and society [3]. Similarly, the Raw Material Initiative 
sees the development of new business models as an opportunity 
to extend product lifetimes and hence to improve the use of 
(critical) raw materials [9]. Generally, sustainable business 
models are trying to align business objectives with people, 
planet and profit [10]. They arise from technological, 
organisational or social innovations and implement certain 
sustainability-related normative requirements [11]. Not 
surprisingly, CE thinking has already been applied to the 
business model literature. From a material flow perspective, a 
business model qualifies as circular if the related business 
activities narrow, close or slow resource cycles and hence lead 
to a decrease in resource use [12]. 
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The work of Osterwalder et al. [13] on the business model 
canvas is the most widely used framework for analysing the 
business model concept [14]. The business model canvas 
divides a business model into the nine building blocks value 
proposition, customer segments, customer relationships, key 
resources, key activities, distribution channels, key partners, 
cost structure, and revenue model. The intention behind the 
canvas is to help companies understand their business logic and 
to implement business strategies. Attempts to customise this 
ontology for sustainability-oriented ventures have been made 
[11, 15]. Lewandowski [16] combines the CE and the business 
model literature directly and suggests a circular economy 
business model canvas. Adrodegari et al. [17] have shown in 
practice how to use the business model canvas for adapting 
business activities to product/service systems (PSS).  

Taking a more holistic perspective, our societies are 
influenced by governmental policies in general. This is 
particularly the case with environmental sustainability. 
Different policies related to CE are implemented in different 
regions of the world with the aim to shift our societies towards 
it [18, 19]. Those include policies  influencing the design [20] 
and manufacturing of products (see ongoing research in e.g. 
[21-23]), consumption [24], waste management [25], market 
development, etc. [19, 26].  

Despite the criticality of the business model component, 
little insight is available on policies’ influences on business 
models. It is acknowledged that a company’s environment 
plays an important role in the development of its business 
model [27]. There exists some literature that has analysed the 
interplays between business models and policies in specific 
cases, e.g. renewable energy [28] , banking [29] or e-mobility 
sector [30]. Yet, there is a need to systematise the knowledge 
about the policy-business model-nexus and how it can be used 
to efficiently transition towards a CE. 

This paper aims to provide greater understanding of the 
interplay between the business model of a business 
organisation and policy by governments in the CE context. 
Considering its yet broad area, the scope of the paper is 
introduced to be business models based on PSS. The motivation 
is that PSS (see, e.g., Meier et al. [31] in the manufacturing 
industries) has been heralded as one of the most effective 
instruments for moving a society towards a CE [32]. The goals 
of the paper are: 

• To systematically document insights about interplays 
between governmental policies and PSS business models in 
general as reported in the extant literature.  

• To analyse the interplays (including the types), both 
quantitatively and qualitatively. 

• To point out future research avenues. 
 
To achieve these, the paper adopts systematic literature 

review as the research method. The literature to be covered 
needs to include articles outside CE; yet the insights on 
interplays between business models and policies in general are 
potentially applicable to those in the CE context. 

The remainder of the paper consists of the following. 
Section 2 provides detailed information on the procedure 
adopted for the literature review in a reproducible manner, 

including keywords and databases used. Next, Section 3 
presents the results of the literature review, including identified 
relevant articles, in a quantitative and qualitative manner. 
Section 4 then discusses the results, including implications and 
knowledge gaps. Finally, Section 5 concludes the paper with 
future work. 

2. Methodology 

The article search was conducted in the Web of Science 
Core Collection during November 2017. The search string for 
the topic consisted of the terms "business model", "regulation", 
"regulatory", and "policy". We only considered English-written 
and peer-reviewed journal articles.  

In two sorting steps, this sample was further condensed. 
First, the articles were sorted based on an initial title and 
abstract screening. At the early stage of the research presented 
in this paper, a narrow time scope was chosen. Only papers 
published after 2012 entered the next sorting step. Second, each 
article was scanned for interplays between business models and 
governmental policies; this included an assessment of the 
relevance of each article. The central requirement was that the 
text explicitly or implicitly clarified the usage of both a 
business model concept and one or more governmental policies 
(see below). Afterwards, the level of elaboration on both the 
business model and governmental policies determined the 
relevance. Irrelevant articles dropped out of the analysis. The 
following scale was used:  

• Irrelevant: either policies, business models or both have 
not been addressed to a sufficient degree. E.g. unclear 
usage of the business model concept or a vague description 
of policy impacts. 

• Low relevance: both policies and business models are part 
of the analysis, yet the links between them are weakly 
explained or not clear. 

• Medium relevance: both policies and business models are 
addressed, and interlinkages can be derived by the reader.  

• High relevance: both policies and business models are 
addressed, and interlinkages are described. 

• Very high relevance: business models and policies are 
addressed directly or indirectly, and links between 
them are clearly described. The interplay between them is 
in the focus of the article. 

For analysing the interplays, a framework consisting of 
policy categories and business model aspects was created (see 
Table 1). Examples of such interplays are the effect of 
transparency regulations on cost structure in the  banking sector 
[29] or the revenue effect of feed-in-tariffs to foster renewable 
energy-related business models [28]. The articles were 
analysed in-depth, the interplays identified and assessed; 
finally each article was assigned to the respective field in the 
framework (see Table 1).  

This interplay-framework links the nine building blocks of 
the business model canvas mentioned above with six categories 
typical for governmental policies [33, 34]. The resulting matrix 
allows to see aspects such as areas in which this kind of 
research is applied, which policy instruments are mainly used, 
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which business model aspects are affected, etc. The categories 
of the policy instruments are: 

• Legislation/regulation: mandatory obligations or 
restrictions imposed by a governmental body upon an 
individual or an organisation. 

• Economic/fiscal: these policy instruments are changing the 
incentive structure of an individual or an organisation 
through taxes, tariffs, subsidies, tradable rights, etc. 

• Agreement-based: a policy instrument through which a 
government body is contracting a private organisation for a 
certain task. 

• Information- or communication-based: influence behaviour 
of individuals or organisations through the provision of 
information.  

• Co- or self-regulation: regulatory initiatives by those who 
are to be regulated. Co-regulation may also include the 
government in the regulation scheme. 

• Support mechanisms and capacity building: comprise policy 
instruments for the generation of knowledge and research, 
conducting demonstration projects and the dissemination of 
knowledge, and the facilitation and building of networks as 
well as cooperative problem solving.  

These policies may be implemented on several government 
levels, from the municipality level to the supranational level 
[35, 36].  

Further aspects that were looked at besides the interplays are 
the applied business model ontology, the geographical regions 
as well as the articles' affiliation to the PSS or CE literature.  

3. Results 

3.1. Descriptive analysis 

The query in the Web of Science Core Collection resulted 
in 449 articles. After an initial title and abstract screening 94 
articles were left. The next step of assessing the relevance left 
54 articles for the closer analysis of this review. Articles 
dropped out for various reasons. Many used the business model 
concept too vaguely, or business model was used synonymous 
for technological solution [37] others used business model in 
an abstract manner for a form of economic enterprise [38]. A 
further reason for sorting out were the articles’ particular legal 
focus that turned out to be unfit for this analysis, e.g. [39]. 

17 articles were very highly relevant, 11 highly relevant, 15 
medium relevant and 12 showed low relevance. Among those 
with high or very high relevance, 13 articles used mainly 
qualitative whereas 15 used quantitative methodological 
approaches.  

The number of relevant publications clearly increased since 
2012 (Figure 1). In 2016 alone, a third (18 articles) of the 
relevant articles were published, followed by 2015 (11), 2017 
(10), 2013 (7), 2012 (4) and 2014 (4) (Figure 1). 

The distribution of articles over journals was uneven. From 
Energy Policy (enpol) 15 out of 54 (28%) articles were selected 
[26, 28, 30, 36, 41-51] followed by 7 (13%) from Journal of 
Cleaner Production (jclepro) [52-58], 3 (5%) from 
Technological Forecasting and Social Change (techfore) [59-

61], and 2 (4%) from Telecommunications Policy (telpol) [62, 
63]. The remaining 27 (50%) articles were each from different 
journals [29, 35, 64-88] (Figure 2). 

A thematic grouping of the companies’ sectors that were 
analysed in the articles showed: energy (19 articles), mobility 
(8), technology (8), health (5), housing (4), 
insurance/banking/finance (4), business models (4), and music 
(2). A dominance of technology and especially energy-related 
topics could be seen. 

The articles typically started their analysis from a business 
model and not from a policy perspective. There is no 
homogenous use of a business model ontology. Yet, within 17 
out of 54, the ontology of Osterwalder et al. [13] is used [29, 
30, 41-43, 48, 54, 57, 58, 65, 66, 73-75, 79, 82, 85]. Most 
articles do not explicitly declare themselves to a specific 
ontology. 

Depending on the definition of PSS, a business model may 
be PSS-related or not. This work was guided by the broad 
definition of PSS as “a combination of tangible products and 
intangible services designed and combined in order to fulfil 
customer needs” [40]. A majority of 38 out of 54 articles were 
identified to deal with PSS-related business models; among 
those, especially articles that were located in sectors such as 
energy or mobility had a clear PSS connection. Regarding the 
role of CE and PSS, a surprising fact arose. From the 38 PSS-
related articles, only nine mentioned the term PSS, out of which 
three literally only mentioned it [28, 30, 68], whereas six 
articles [53, 54, 56, 57, 72, 87] both mentioned and cited 
explicit PSS literature (such as [40, 89, 90]). In addition, only 
one article clearly had a research focus on CE, and even more, 
it was the only article mentioning the term “circular economy.” 

3.2. Interplays between business models and governmental 
policies 

The analysis of the interplays showed an uneven picture (Table 
1). The distribution of the articles was highly skewed towards 
the policy category legislation/regulation. The largest number 
of interplays found in the underlying literature was in value 
proposition vs. legislative/regulation, followed by 
legislation/regulation vs. revenue model and 
legislation/regulation vs. cost structure. Economic/fiscal policy 
instruments also appeared quite frequently in combination with 
cost structure and revenue model. However, the policy 
categories agreement-based, info.-/communication-based and 

Fig. 1. Papers per year Fig. 2. Distribution of papers over journals 
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Table 1. Interplay-framework: Overview of articles dealing with interplays between business models and governmental policies  

co- or self- regulation-based were rarely observed in this 
analysis. The three combined were addressed in only seven 
articles. The table row General was added for cases where a 
certain interplay between business model building blocks 
and governmental policies could be identified but not 
specified. This type of interplay appeared in 13 articles.  

4. Discussion  

In the final sample of 54 articles, the number of 
publications was clearly increasing between 2012 and 2017. 
This might be an indicator for the increase of interest to 
analyse business models and governmental policies together. 
The frequent occurrence of the interplay value proposition 
vs. legislation/regulation indicates the importance of 
regulation as a business driver, and that business models 
evolve around a given regulatory framework.  

The awareness of governments for sustainable 
development is quite visible in this paper sample. Measured 
by the paper count, the energy and especially the renewable 
energy sector are most researched. Governments are 
applying diverse policy instruments and shape business 
environments in favour of solar, wind, etc. There is a myriad 
of energy-related articles focussing on business models and 
the regulatory environments of companies [42, 43, 54, 57, 
71, 74].  Economic policies are important drivers for 
renewable energy-related industries, such as tax breaks or 
subsidies [28, 47, 52], feed-in tariffs [48-50], niche shielding 
[74] or financing schemes [54, 79].  

Several authors stress the importance of considering the 
contextual environment of an organisation as well as the need 
to adapt business models to be successful [26, 42, 43, 54]. 
Hannon [57] raises the issue that there is a lack of knowledge 
on how the various policy levels, from local to international, 
affect business models of companies in the energy service 
sector. 

A number of articles showed that different regions around 
the world foster different types of business models [43, 54, 
79]. At times, the business model – policy constellation was 
quite unique: Huijben et al. [74] use the canvas model to 
show how niche regulations in Belgium and the Netherlands 
affect business model components. Jovanovich and 
colleagues [29] look at how regulation affected banking 
business models in Germany; they reveal a lack of scientific 
analysis of the influence of financial regulation on banking 
business models, and Hou et al. [36] show the diversity of 
energy-efficiency business models applied across Chinese 
cities.  

On the one hand, the canvas model was only applied in 
about a third of the articles. On the other hand, it lied at the 
core of several papers and was used as an analytic framework 
[29, 43, 74, 79]. In most articles the direction of effect was 
from policy to business model, only in one article [44] it was 
reversed, and the literature [29] speaks out for increased 
lobbying in order to shield business models from sudden 
regulatory effects.  

The high irrelevance rate of the selected articles after the 
abstract screening (39 of 94) showed that this kind of review 
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regulation as a business driver, and that business models 
evolve around a given regulatory framework.  

The awareness of governments for sustainable 
development is quite visible in this paper sample. Measured 
by the paper count, the energy and especially the renewable 
energy sector are most researched. Governments are 
applying diverse policy instruments and shape business 
environments in favour of solar, wind, etc. There is a myriad 
of energy-related articles focussing on business models and 
the regulatory environments of companies [42, 43, 54, 57, 
71, 74].  Economic policies are important drivers for 
renewable energy-related industries, such as tax breaks or 
subsidies [28, 47, 52], feed-in tariffs [48-50], niche shielding 
[74] or financing schemes [54, 79].  

Several authors stress the importance of considering the 
contextual environment of an organisation as well as the need 
to adapt business models to be successful [26, 42, 43, 54]. 
Hannon [57] raises the issue that there is a lack of knowledge 
on how the various policy levels, from local to international, 
affect business models of companies in the energy service 
sector. 

A number of articles showed that different regions around 
the world foster different types of business models [43, 54, 
79]. At times, the business model – policy constellation was 
quite unique: Huijben et al. [74] use the canvas model to 
show how niche regulations in Belgium and the Netherlands 
affect business model components. Jovanovich and 
colleagues [29] look at how regulation affected banking 
business models in Germany; they reveal a lack of scientific 
analysis of the influence of financial regulation on banking 
business models, and Hou et al. [36] show the diversity of 
energy-efficiency business models applied across Chinese 
cities.  

On the one hand, the canvas model was only applied in 
about a third of the articles. On the other hand, it lied at the 
core of several papers and was used as an analytic framework 
[29, 43, 74, 79]. In most articles the direction of effect was 
from policy to business model, only in one article [44] it was 
reversed, and the literature [29] speaks out for increased 
lobbying in order to shield business models from sudden 
regulatory effects.  

The high irrelevance rate of the selected articles after the 
abstract screening (39 of 94) showed that this kind of review 

 Legislation/Regulation Economic/fiscal 
Agreem
ent-
based 

Information
- 
or 
communicat
ion-based 

Co- or 
self-
regulation 

Support 
mechanis
ms 
and 
capacity 
building 

Value 
proposition 

[26, 30, 35, 42, 66, 67] [43, 60, 61, 69, 70, 
72] [29, 56, 57, 74, 75, 77] [28, 53, 62, 80] 

[42, 75] [28, 44]   [52, 61, 75] 

Customer 
segment 

[26, 35, 43, 61, 69, 74] [29, 56, 62, 78, 79] [42]  [26, 57]  [52] 

Customer 
relation-
ships 

[26, 29, 60, 62, 72, 74]   [26]  [52] 

Key 
resources 

[29, 43, 56, 64, 66, 74] [62] [63] [58] [44]   [52, 63, 88] 

Key 
activities 

[29, 60, 62, 64, 72, 74] [28, 53] [42]     

Distributio
n Channels 

[29, 43, 60, 62, 72, 74]     [52, 79] 

Key 
partners 

[29, 43, 57, 72, 74, 77] [53, 62] [49, 65, 74, 79] [44] [57] [57] 
[26, 43, 57] 
[52] 

Cost 
structure 

[35, 42, 43, 64, 68, 70] [48, 57, 74] [29, 
77, 78] [62, 83] 

[35, 42, 57, 65, 74] [28, 46, 
49, 58, 79] [54] [47] 

   [28, 52, 57] 
[54] [47] 

Revenue 
model 

[26, 35, 42, 60, 64, 68] [29, 43, 48, 72, 74, 
78] [62, 80] [83] [45, 55] 

[42, 43, 57, 64, 65] [49, 58, 
74, 75, 79, 80] [28, 45, 47, 
54] 

   [28, 52, 54] 
[47] 

General 
[50, 51, 62, 71, 73, 76] [28, 53, 59, 81, 86, 
87] 

[36, 50, 53, 71, 81] [53] [53, 87] [51] 
[36, 53, 71] 
[87] [59] 
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requires in-depth reading but also a certain level of 
interpretation. Especially the inconsistent use of the business 
model concept across the articles makes the analysis difficult 
and adds a certain subjectivity to the analysis.  

The focus on literature combining both business models 
and governmental regulations is quite restrictive and may 
have excluded other useful articles. 

Finally, the authors acknowledge that the interplay-
framework may consist of different sets of categories. 
Lewandowski [16] for example suggests a circular business 
model canvas extending the work of Osterwalder et al. [13] 
by two building blocks take-back system and adoption 
factors. However, the usage of established categories seemed 
most useful. 

5. Conclusion and future work   

This conference paper serves as a first step into a more 
thorough analysis of the interplays between business models 
and governmental policies. The scientific value lies in the 
attempt to systematically link business models with 
governmental policies through a novel approach. 

Regulatory policies turned out to be the most researched 
policy category, followed by economic policies as second 
and support mechanisms and capacity building as third. 

Research on energy is considering the interplays between 
business models and governmental policies more than other 
sectors. This dominance is causing a certain bias in the 
analysis. A reason for the large share of energy-related 
articles might be that energy is a highly regulated sector and 
studies in this field naturally investigate implications of 
policies on companies. Furthermore, governments try to 
foster renewable energies for their sustainable development 
goals; hence they spur respective markets and business 
opportunities. 

However, the diversity of journals shows the potential 
cross-sectoral relevance of this integrated approach.  

The next steps are to conduct a more detailed and insight-
based analysis of the paper sample and to broaden the time 
scope. Central aspects will be the role of the business model 
ontology as well as the relation to current policy 
developments. As mentioned earlier, both policy frameworks 
and innovative business models are identified as key aspects 
towards a CE. Therefore, insights from the review sample 
will be compared with current CE policies within the EU. 
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