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Abstract: The product—service system (PSS) has great potential to promote the circular economy
(CE) and sustainability. Recent studies have highlighted the importance of associating social values
with sustainable PSS because social actors, including stakeholders, institutions, and communities,
are the key to organizational innovation and behavior change. However, it is still not clear how
companies can incorporate the social context into service strategies and co-create sustainable value
with their stakeholders. Through overall discussions on related studies, this concept paper proposes
theoretically based guidance for developing sustainable product-service offerings in the early
planning phase. A case scenario of recycling is presented to demonstrate the operation of the proposed
approach. The results suggest that companies should expand the scope of their understanding of
customer problems beyond the product use. Engaging in social issues such as skill empowerment
and job creation can generate long-term benefits and strengthen the brand image. In addition,
working with communities and other enterprises via incentives or interactive activities can foster open
innovation for CE. The proposed approach serves to assist designers in handling more comprehensive
contexts of sustainability and allow better preparations for resource integration in the early PSS
design phase.

Keywords: social value; innovation; sustainability; customer context; value creation; product-service system

1. Introduction

The Circular Economy (CE) has great potential to promote sustainability because it creates
economic value with closed material loops that minimize waste generation and energy consumption
from the production and product use [1,2]. Products that fulfill CE principles are usually more
environmentally friendly, easy to recycle/reuse, and have longer lifecycles. Many studies have focused
on new product development or product redesign for CE. However, CE is a complex issue and involves
the whole supply chain and customer behavior [3]. To turn linear production model into the circular
flow, long-term collaboration among manufacturers, suppliers, clients, and other stakeholders should
be built [4]. In other words, emphasizing lifecycle management alone is not enough for CE to drive
the radical innovation to meet sustainability demands. Sustainability is defined as the balance among
economic, environmental, and social systems [5]. Compared to the ecological issues, social issues
such as social justice, labor rights, and communities are often ignored in CE research [6]. In addition,
customer behavior is a crucial factor determining whether business models align with CE principles [3].
Regulation and policy issues should also be addressed to enhance CE and sustainable society [7,8].

The product-service system (PSS) that uses service strategies to replace product ownership
can reduce the waste of materials and resources [9]. Schemes such as product sharing, renting,
and leasing are common ways to facilitate sustainable production and consumption. The PSS is
therefore considered as a potential enabler of CE [10]. The concept of PSS has been discussed for over
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15 years, and many studies have demonstrated how it changes consumption patterns (see [11,12]).
However, as mentioned, CE should incorporate social actors into its system so that circular business
models can be developed in an innovative and effective way. In this context, PSS research is facing
some challenges, including how a PSS considers not only clients but also employees and communities
for social sustainability [13] and how companies cooperate with their customers and stakeholders for
value co-creation [14].

Prior studies [15,16] have reviewed many approaches regarding PSS design. Although the
reduction of social impact is mentioned, there is a lack of further arguments concerning how social and
institutional values can be associated with product—service offerings. A few of studies [17,18] have dealt
with social concerns such as safety and health care for PSS design, but there is still a need to connect
these concerns with economic and environmental issues to handle more comprehensive contexts of
sustainability. In other words, mutual influence and interrelatedness among economic, environmental,
and social systems should be built to make integral and long-term changes towards sustainability [19].
Accordingly, the research questions of this paper include: (1) how companies broaden their visions of
sustainability and build collaborative networks for value co-creation; and (2) how PSS design addresses
mutual influence between different systems and improves the completeness of sustainable solutions.

To deal with the above issues, we propose guiding principles for designing sustainable PSS in the
early planning phase. This concept paper is based on library research. Through theoretical discussions
on related review articles and approach papers, we summarize key factors of sustainable PSS and
incorporate them into the proposed guiding principles. This paper includes several parts. In addition
to the Introduction and Conclusion, Section 2 reviews and clarifies important concepts of sustainability
and services; Section 3 describes the methodology we use and then proposes guiding principles for
PSS design; Section 4 uses a case scenario to demonstrate how the proposed approach can be applied;
and Section 5 provides overall discussions about this paper.

2. Product-Service Systems and Sustainability

2.1. Sustainability and Sustainable Development

Sustainability emphasizes the interdependence of economic, ecological/environmental, and social
systems [20]. These systems are recognized as the three essential dimensions of sustainability and
have been recently discussed within the context of three pillars, i.e., profits, planet, and people [21].
Sustainability can be discussed from different perspectives. For example, some research regarded
sustainability as a means that enhances economic growth while reducing the environmental impact
from the production; this idea is known as “decoupling” which involves concepts such as eco-design
and green product design (see [22,23]). In contrast, social sustainability focuses more on the social
concerns such as human health and labor care. Such perspective addresses basic human issues
including safety, equity, and education for the socio-economic development [20]. To avoid causing a
bias toward a specific dimension, it is important to deal with causal relationships among the economy,
environment, and society to achieve full sustainability. This vision is called balance of the Triple
Bottom Line (TBL) [24].

Sustainable development (SD) is another term commonly used to interpret sustainability.
According to the report of World Commission on Environment and Development (WCED) [25],
SD is defined as “development that meets the needs of present generation without compromising the
ability of future generation to meet their own needs.” In other words, SD focuses on fundamental
human needs and long-term planning considering the future generation. That is, the time perspective
should be integrated into sustainability visions to ensure the effect and long-range influence of decision
making [19]. In addition, Parris and Kates [26] separated SD into two aspects: “What is to be sustained?”
and “What is to be developed?” They further indicated that people, economy, and society are three
factors to be developed, and nature, life support, and community are those to be sustained.
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When discussing SD, the institution is sometimes regarded as the fourth dimension of
sustainability (see [27,28]). The institutional dimension was first introduced by the United Nations
Conference on Environment and Development (UNCED) and referred to the operation of governmental
organizations, institutional mechanisms, and political orientation [29]. More recently, the institutional
perspective broadly implies legislation, human interactions, and cross-sector cooperation. Because
this dimension mainly operates in the context of public sectors, it has barely been discussed in a
business framework. However, as SD is aimed to sustain long-term development of communities,
organizations, and society, the concept of institutional dimension may inspire companies to build
and manage new relationships with the government or nonprofit organizations in order to achieve
sustainability goals. In addition, regulations, incentives, and penalties should also be made to improve
managerial efficiency of sustainability-led policies [7].

In summary, comprehensive sustainability concerns encompass long-term plans for economic
development, environmental benefits, social well-being, and institutional improvement. Furthermore,
the interrelationship between these dimensions should be established to clarify the full context of
sustainability [30].

2.2. Value Creation through Services

The PSS can be defined as a set of products and services integrated into a system to meet customer
needs [31]. This definition shows three main factors of PSS, namely products, services, and satisfaction.
Generally, products are considered as physical and marketable properties while services are regarded as
intangible activities [32]. There is no certain rule to define how products and services interact to deliver
satisfaction in a PSS, but past studies have summarized three types of PSS: (1) product-oriented PSS;
(2) use-oriented PSS; and (3) result-oriented PSS (see [33]). The product-oriented PSS considers services
as added value (e.g., repair and maintenance services) that enhances product sales. The use-oriented
PSS and result-oriented PSS take services as the main solutions, where customers enjoy the functionality
of products or the result of services rather than the product ownership. These strategies can help foster
CE. For example, product-oriented PSS such as repair or maintenance is applied to extend the product
life cycle. Use-oriented PSS such as leasing or renting scheme assists companies in handling the process
of product use and deciding when products should be repaired, recycled, or remanufactured [34].
However, PSS strategies do not necessarily lead to sustainable solutions. For example, the so-called
rebound effect occurs when customers overuse eco-friendly products [34,35]. In addition, PSS should
also consider social values and socio-economic development to ensure the balance of TBL [36]. That is,
social practices (e.g., job creation or community empowerment) and their activators (e.g., legislation or
reward) are important elements for the design of sustainable PSS.

Many studies (e.g., [37-39]) have indicated that value propositions determine how services deliver
satisfaction and values to the stakeholders. Clarifying different types of value helps understand the
structure of PSS. Vargo et al. [40] has introduced two types of value, value-in-exchange and value-in-use.
The former emphasizes the firm’s output and price; it creates the advantage for the company and its
customers via the exchange of goods and money. The latter indicates that value creation occurs only
when customers use the products. Value-in-exchange implies that product sales are the prime revenue
channels for companies while services are subsidiaries that add value to products. Add-on services
such as free home delivery, guarantee extension, and repair can create feedback and extra value on
products. In contrast, value-in-use turns product sales into functional sales or operational services,
where customers only pay for the use/operation of products rather than buying the products. It offers
the opportunity to decouple economic success from material consumption [41].

For sustainability issues, the concept of value-in-use mainly helps reduce the environmental
impact from economic activities. To incorporate social well-being into the PSS, we need to understand
the lifestyles and a large context behind customers and stakeholders. The idea of value-in-context
engages customers’ hidden needs in a deeper way (see [42]). Take a meat supplier as an example.
In addition to meat delivery services, the supplier can offer cooking services that turn its products
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(i.e., meat) into a further solution (i.e., delicious dishes that satisfy customers). Providing delicious
dishes via cooking services reveals a larger context of problem solving than directly selling raw meat
does. If customers prefer cooking themselves, they will need knowledge of using kitchen appliances
as well as cooking skills to enhance their works. By recognizing such context, the meat supplier can
offer teaching services concerning improving customers’ cooking skills. Accordingly, these offerings
generate value built upon the context of problem solving, including the operation across various
appliances, knowledge involved, and customers’ preferences and lifestyles. Such concept has gone
beyond value-in-use that mainly focuses on the use of a specific product. Table 1 presents the
relationship between the three types of value in product-service offerings.

Table 1. Comparison of different value types. Data are adapted from [43].

Value-in-Exchange Value-in-Use Value-in-Context
Value generation Value-added Co-production Co-creation
Factor of satisfaction Products Offerings Experiences
Level of provision Attributes Benefits Solutions

As shown in Table 1, value-in-context has brought services to a solution level that meets life
experiences of customers. Solution-based services require more interaction between the company
and customers. Early involvement with customers is essential to achieve solutions that respond
to customers’ real needs [41]. Such interaction and involvement often require collaboration
(e.g., information delivery or sharing) that makes the company and customers co-create value [44].
Education programs or training services are examples of value co-creation because they not only
increase profitability and brand value for the company but also aid customers in acquiring capabilities
to get their tasks done or enrich their lives. Customized offerings and participatory design can
also help companies make direct and long-term contact with customers [45]. To deliver desirable
solutions to customers, companies should identify the clues hidden in the context of customers’ lives.
Value-in-context inspires companies to recognize customers’ lifestyles first and then build service
offerings to satisfy customers. Accordingly, such services may require broader and multiple strategies.
Because customer solutions here are not limited to the product use, they could be complicated and
involve different techniques and capacities out of companies’ resources. Open innovation might be
needed to cooperate with other companies, partners, or the government; it provides opportunities to
facilitate social development, find new space for organizational innovation, and co-create sustainable
value with the stakeholders [46].

In summary, the key to designing sustainable PSS is to connect value network between different
stakeholders and embed sustainability visions into the service context. New partnerships among
producers/suppliers, customers, public sectors, and volunteer association should be developed [34].
To do so, an approach to identifying value propositions and fostering divergent thinking for PSS
designers would be needed. The next section presents guiding principles for conceptualizing
sustainable values in the PSS.

3. Guiding Principles for Designing Sustainable Product-Service Systems

3.1. Methodology

Because this paper is dedicated to a conceptual study, we utilized library research to summarize
crucial knowledge of sustainable PSS. We began with observation of related studies, and then analyzed
common ground and differences between the selected references and indicate important factors that
should be considered in the PSS design phase. In addition to general PSS studies, we consulted
PSS review articles and papers regarding PSS design approaches. Review articles usually provide
comprehensive information and knowledge of past studies and show barriers and pathways toward
future research, thus being proper references for library research.
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Many PSS studies applied the Scopus database to select references for their analysis (e.g., [15,
471). We followed this method and searched related papers. Only peer-reviewed journal papers
were considered. For review articles, we used keywords including “product-service systems” and
“PSS”. We then checked whether search results are related to sustainability issues. For approach
papers, we added keywords such as “design”, “approach”, and “framework”. PSS methodologies are
threefold: design, evaluation, and operation methodologies [15]. We mainly considered the design
methodology, especially the idea development for PSS planning. Finally, we selected seven review
articles [15,16,41,47-50] and eight approach papers [14,17,18,51-55] for further analysis. We proposeed

theoretically based guidance for PSS design according to the summary of these selected papers.

3.2. Key Factors of Sustainable PSS

In Section 2, we have pointed out several important issues of sustainable PSS such as social values,
institutional /governmental improvement, and value co-creation. We associated these issues with the
selected articles (see Table 2).

Table 2. Key factors of sustainable PSS highlighted in past studies.

Categories Key Factors Review Articles Approach Articles

Customer perception,
Customer acceptance,
Customization,
Customer involvement/interaction.
Partnership /collaboration,
Stakeholder networks Value co-creation, [15,50] [14,51-55]
Organizational change.

Life cycle management,
Material /resource reduction,
Energy efficiency,
Reduction in consumption.
Health/safety care,
Employee care,

Social and cultural change,
Welfare.

Policy and regulation/legislation,
Administration.
Stakeholder information,
Value network,
Product-service offerings,
Service interface.

Customer perspectives [15,16,41,47,48,50] [14,51,53-55]

Environmental values [15,16,41,47-50] [17,18,51,52,54]

Social values [16,48] [17,18,52]

[48] [17,53]

Institutional engagement

Visualization methods [15] [14,17,51,53-55]

In Table 2, we summarize six categories that contain multiple factors of PSS research and
design. The article counts if it puts any key factor in its arguments. Almost all articles highlight
customer perspectives and environmental benefits, especially the improvement of product life
cycles. Customer acceptance determines whether a PSS can be fulfilled [41,48]. In other words,
it is important to change customer thinking and attitudes through desirable offerings. In addition,
increasing interaction with customers and even combining user involvement with the PSS design
process can help foster customer acceptance and value co-creation [14]. Stakeholder networks built
by partnership and alliances can also realize value co-creation (see [50,54]). To do so, almost all
approach articles apply visualization methods to develop and present stakeholder information and its
value networks.

Although we have argued that social and policy issues should be engaged in sustainable
PSS design, only few articles address social values and institutional engagement. For the review
articles (see [16,48]), the reduction of social impact is mentioned, but they do not provide further
arguments regarding how and what social values can be embedded in a PSS. For the approach
articles (see [17,18,52]), they give more tangible examples (e.g., health and safety care) concerning the
linkage between PSS and social sustainability. Generally, product-centric companies create revenues
based on their product sales. How customers can better use the products is their main consideration.
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Therefore, in traditional PSS strategies, service offerings are often developed based on the product
use. Joore and Brezet [17] provided a different point of view by starting PSS design with the analysis
of social problems. This scheme assists designers in addressing the process of social change. It also
requires regulation and legislation to fulfill the institutional improvement. To develop comprehensive
solutions, Maxwell and van der Vorst [18] used the TBL context to clarify problems in the three
dimensions of sustainability.

The above contributions provide clues for designing a sustainable PSS, including cooperating with
stakeholders and customers for value co-creation, using visualization methods to build value networks,
and dealing with not only the problems of product use but also social and institutional concerns in
the TBL context. On the other hand, visualization methods present stakeholder networks and how
product-service offerings are delivered, but there is a lack of a tangible approach to idea generation
for the early PSS planning phase. Thus, it is necessary to combine idea generation techniques with
visualization methods.

3.3. Guidelines for PSS Design

Finding and defining the problems is the first step of design [56]. Following Joore and Brezet [17],
we suggest that PSS designers could define the problems that go beyond the scope of companies’
existing products. If companies decide to capture more value from sustainability efforts, they should
recognize a larger context behind general customer needs; social issues such as health care and labor
right can be involved here.

To stimulate the idea generation of PSS design, inductive teaching and learning methods can
be consulted. Such methods are applied to motivate learners and their thinking, presenting a
challenge, such as a case to be analyzed or a real-world problem, to be solved [57]. The effect is
especially significant in engineering education [58]. Inquiry learning, as a simple inductive approach
using questions and problems to provide contexts, is suitable for interactive lectures, discussion,
and service learning [57,59]. Therefore, we suggest integrating inquiry learning with sustainability
knowledge to advance concept generation and the communication between PSS designers. Based on
this understanding and the summary of previous subsection, we propose four-step guiding principles
to help designers create PSS offerings in the early planning phase (see Table 3).

Value propositions determine how companies create environmental and social benefits through
their offerings [60]. These propositions are based on what kinds of problems companies want to deal
with. If companies would like to extend their influences on socio-economic development and CE,
they should broaden the scope of selected issues in the first step. As stated, a sustainable PSS requires
a collaborative network to address complicated requirements and social needs. The second and third
steps serve to explore more PSS ideas by connecting various problems across sectors and different
sustainability dimensions. Resource integration in the fourth step can be thus clarified according to
the results of the third step.
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Table 3. Guiding principles for PSS design in the planning phase.

Steps

Tasks

Notes

(1) Find the problems

(2) Recognize the context

(3) Explore the possibility

(4) Built the network

Select an issue that fails to meet the
sustainability requirements.

Describe all problems associated with
this issue.

List the problems under the TBL context.

Explore the relationships of all

listed problems.

Link the problems to generate a network of
causal relationships.

Classify highly related problems into a group
and propose inquiries for these problems in
each group.

Seek out whether there are solutions used to
deal with these problems.

Summarize the proposed questions into

several keywords and link their relationships.

Define potential participants/partners and
ideal goals for new solutions according to the

A complex issue could involve multiple
problems. List them in order to handle a
comprehensive context of sustainability.
Broaden the scope of selected issue beyond
the product use in order to formulate new
value propositions for the company.

The causal relationships show mutual
influence between different dimensions of
sustainability and help clarify the order of
problem solving.

Each inquiry group gathers problems that
have similar or related attributes, thus
helping designers formulate systematical
solutions.

The network should contain both the
short-term and long-term goals of
product-service offerings.

organized keywords.

4. A Case Scenario

We used a case scenario to demonstrate how the proposed principles can be applied to
facilitate sustainable PSS design. We took a recycling scenario as a starting point to illustrate
how sustainability thinking relates product-service concepts to innovation. This scenario is based
on the case study of waste pickers, and researchers have summarized comprehensive data via
questionnaires, in-depth interviews, and field studies to present the structure of waste pickers and
recycling mechanisms [61]. Figure Al uses graphic presentation with descriptive information to present
the recycling scenario. This case was selected because it involved a complex system including recycling
behavior, consumer awareness, policies, environmental benefits, and socio-economic development.

To demonstrate the operation of the proposed approach, an academic workshop was carried
out with ten participants including master and doctoral students in industrial design. Participants
were asked to design a PSS model for the Company X which is a production company manufacturing
commodities such as stationery, housewares, and hygiene products. Company X has its own brand
and runs several factory outlets in the country. This company would like to use new product-service
offerings to expand its core business and create sustainable value.

The workshop participants explore possible PSS ideas via group discussions, based on the data of
case study and their own observations on recycling behavior. The proposed guiding principles were
utilized to facilitate their brainstorming.

4.1. Operation of the Guiding Principles

As shown in Figure 1A, this scenario involves three roles, including waste pickers, residents,
and recycling centers. The first step is to identify problems related to the recycling issue. The case study
has indicated several major problems that fail to meet the sustainability requirements. For example,
waste pickers spent long time on collecting materials while they earned tiny income. This was a
normal situation because waste pickers did not have cars or motorcycles and recycling centers often
made unfair trade. In addition, the workshop participants observed that consumers/residents lacked
awareness and thus resulted in inefficiency of recycling. These problems are listed under the TBL
dimensions in Figure 1.
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a Step 1. Find the problems N Step 2. Recognize the context )
Economic
1. Waste pickers earn tiny income. _P <
2. Recycling centers practice unfair trade. \ /
Environmental
3. Recyclable materials contain general waste. @
4. Harmful materials are not specially treated. * \

= 0P6%0
5. A general unkempt manner and illness are

stereotypes associated with pickers. * /
6. The health care of pickers is ignored. @
Eco-economic *
7. Low-quality recycling causes problems for

reprocessing and reduces the value of materials. @
Socio-economic {
8. There is a lack of cooperation and support. @
9. Residents are passive and have lower awareness.

AN J
- N .
é Step 3. Explore the possibility é Step 4. Built the network )
Inquiry group I (Social well-being): 1, 2,5, 6
@ Provide social welfare? e Protective legislation? € Community Human Production
e Improve working conditions? @ Change the image? $ empowerment care renewing
& | Education <= Lifestyle | Cleaner
Inquiry group Il (Product innovation): 3,4, 7,9 S _»7 v production
® Facilitate product disassembly? @ Propaganda? i:iI Trai A
® Design collecting tools? @ Reduce packaging? s g
£ | Rewards = Employment‘
Inquiry group Il (Outsourcing): 2, 8, 9 E
® Provide training/education? e Provide rewards? ‘g Partnerships
o Work with communities? e Make agreements? 5 | Government + Materials companies ‘
® Find more sponsorship? e Business incentives?
L RN %

Figure 1. Applying guiding principles to embed sustainability contexts into the PSS design.

Although the TBL is used to classify the problems from different dimensions, some
problems are located in overlapping areas (e.g., eco-economic and social-environmental). In fact,
all the problems are not fully independent, and most of them have cause—effect relationships.
For example, recycled materials often contained general waste because of residents’ lack of awareness.
Lower economic value of collected materials also drove recycling centers to practice unfair trade.
In other words, if residents’ thinking and behavior can be changed, the value of recycled materials will
be enhanced and the recycling trade will be improved. To understand the complete context of this
issue, designers should clarify the cause and effect relationship between these problems in the second
step. Problems with close attributes could be put into a group that indicates what value propositions
the company might take. Tool such as Interpretive Structural Modeling (ISM) (see [62]) could help
build this context if the connections between different problems were complex.

For Step 3, designers can propose hypotheses regarding each inquiry group. These inquiries are
used to explore more possibilities of product—service offerings. The more inquiries designers arouse,
the more space of innovation can be found. For example, the inquiry group of outsourcing (i.e., group
III) in Figure 1 is important because it contains key driving factors (i.e., the cause of recycling problems)
shown in Step 2. These inquiries are proposed with the intention to change residents’ behavior
and prevent unfair trade. Addressing these inquiries has gone beyond the company’s competence;
thus, it requires outsourcing or collaboration with different sectors. Designers can then search for a
series of solutions based on the proposed inquiries. The results of current research could be consulted.
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For instance, the “name and shaming” strategy and serious penalties are considered to be positive for
waste services [7]. Incentives such as rewards or building cooperative business centers for collecting
city waste are also helpful for increasing recycling efficiency (see [63]). These potential solutions assist
designers in addressing their inquiries.

Finally, the possible solutions are organized into representative keywords that indicate relative
knowledge domains. Designers can search for corresponding offerings from the key fields. For example,
legislation and welfare can be discussed from the perspective of public administration and the
new product design or education for community empowerment can consult experts in industrial
design. Additionally, keywords sharing similar characteristics can be summarized as an ideal goal of
innovative strategy. The goals show both short-term and long-term values all participants co-created.
As the information has been developed, the stakeholders and their relationships in the mechanism
can be identified. At the moment, new partnerships are engaged to run service structures for
system-based solutions.

4.2. Results and Interpretation

New product-service offerings developed in the case scenario are shown in Figure 2. In this
scenario, we start with Company X which intends to develop new PSS offerings and create sustainable
value. Here, Company X works with other materials companies as well as the local government and
offers waste pickers and customers incentives to improve the efficiency of recycling. This system
contains multiple product-service offerings. Company X offers customers residential recycling services,
skill empowerment services, and repair services. Recycling services deal with product disposal while
empowerment services help customers, especially housewives, to create novel products/artworks
using abandoned materials. Waste pickers are also involved in manufacturing the recycled materials
into new products, and the government offers them health care and medical services.

Relational mapping Description of relationships

R1-R2: Company X forms an alliance with a few materials
companies. They hold workshops regularly,

Skill empowerment R2 teaching customers, especially housewives, to
N| Customfzrs/ design creative products/artworks by using
User information housewives recycled materials.

R1-R3: The government offers the place and facilities for
holding workshops. The companies deal with the
waste management.

R2-R3: The government demonstrates proper ways to
collect and recycle products/materials in the
workshops.

R1-R4: The companies offer waste pickers reward when
pickers perform qualified works on recycling.
They also provide pickers jobs for producing
products made by recycled materials.

R3-R4: The government provides waste pickers health
services and vehicles for collecting materials.
Pickers create a clean community for higher qual-
ity of life.

Reputation
Propaganda

R1

Company X Waste
management

R3
Local
government

+
Plastics company

+
Paper company Resource

+
Metals company
. J

Notes

Health care
Clean place

® The workshop offers simple repair services for
some commodities. Customers are encouraged
to discuss their user experiences regarding the
product use with the staff of the companies.

® The government would make legislation for
protecting waste pickers. It also offers resources
for promoting community empowerment.

N J

R4
Waste
pickers

Productivity

Reward / jobs

Figure 2. Case scenario of the new product—service system.
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In this case, all actors co-create sustainability values when they interact. For example,
customers such as housewives are able to create value after learning the knowledge and design
skills regarding product reuse/redesign. Companies demonstrate their value propositions of social
care by providing welfare and skill empowerment services as well as their environmental value
propositions by managing recycling and repair services. The government promotes institutional
values as it is devoted to legislation and health care issues. Waste pickers join the production and
fulfill the social practice. Costumers are educated not only to reuse recycled materials but also to
classify materials properly. Furthermore, since different companies forge an alliance and work with
the community closely, they have more chances to manage the product life cycle and advance the
efficiency of material use. That is, all actors help enhance waste management for the environment.

In traditional business models, companies focus more on how customers use their products.
However, in this scenario, Company X expands its considerations and highlights how customers
enrich their lives by learning and applying design skills to deal with recycled materials. As shown
in Figure 2, using recycled materials to create necessities or artworks demonstrates a new way of
design and a new lifestyle. Actually, creative products made of abandoned materials have great
capacity to compete with products using only virgin materials [64]. In addition, when Company X
provides empowerment services, it is a great opportunity to understand how customers use their
products and what kinds of functionality should be adjusted or modified. Moreover, this case also
addresses social benefits by providing waste pickers reward and jobs. Such out-of-the-box thinking
and sustainability-led values can enhance the brand image for the company.

The PSS solutions in this case are mainly based on the perspective of Company X. From the
methodological point of view, other stakeholders in this scenario can be the PSS designers too.
For example, if the local government wants to raise nonprofit services, it can consult similar value
network and work with various enterprises to improve the recycling behavior. Then, its focus will be
regulatory and policy-making aspects. To develop the value network, the delivery and feedback of
value should be visualized. As shown in Figure 1, depicting the problems in hierarchical charts and
inquiry groups can help designers conceptualize different types of sustainability values. If researchers
or managers would like to elaborate the details of PSS or perform service evaluation, they can conduct
quantitative analysis and add numerical information such as weights or risk coefficient on each factor of
the charts. In summary, the proposed guiding principles can generate a blueprint for value co-creation
and allow preparations for the shift from service ideas to comprehensive system solutions.

5. Discussions

Many PSS design methodologies start with the analysis of product use and customer satisfaction
and then develop services for improving product life cycles or replacing product sales. This scheme
can reduce material waste and resource consumption, but it somehow limits PSS solutions to the scope
of environmental considerations. Broader visions of sustainability should be cultivated to extend
the influence of PSS from pure “cleaner and greener” improvements to socio-technical changes [65].
Actually, solving social problems and seeking social value generation can lead companies to an increase
in the size of market and profits [66]. Community-based PSS solutions can even enhance poverty
alleviation and employment generation for social development [67]. Therefore, the proposed approach
takes reverse thinking by addressing a broad range of sustainability issues first and then discovering
the opportunity of product-service offerings accordingly. In other words, it has the capacity to meet
more social and institutional concerns.

Moreover, the interrelatedness among economic, environmental, and social systems plays a key
role in long-term changes towards sustainability [19]. To ensure the completeness of PSS solutions,
we explored the cause—effect relationships across different systems. These relationships are the base
of collaborative problem solving. Visualizing these relationships aids companies in determining the
direction of value propositions and generating a blueprint containing the short-term and long-term
development pathways, as well as potential participants with possible resource support.
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In service research, a basic question that must be answered for concept generation is “What is
offered and how it is offered?” [68]. Answering this question would aid companies in linking their
strategic intent to service needs [69]. In addition, identifying people, physical facilities, and processes
is a necessary task for clarifying value deliveries [70]. Research also indicated that crucial factors
for designing more circular services included value propositions, resources and capabilities, revenue
models, and customer interfaces [71]. These contributions have implied three main concerns of the
value network: (1) what kinds of values the stakeholders would co-create; (2) which participants
would join in this network; and (3) how stakeholders share their resources and interact with each other.
The proposed guiding principles with the visualization method and inquiry learning help designers
face these questions.

Pervasive shift in consumer behavior is the core of sustainable consumption [3]. Service offerings
connecting with social actors should be developed to influence people’s thinking. Schemes for changing
customer behavior can be mandatory or encouraging. Mandatory force such as regulation with
penalties and legal mechanism have great potential to promote waste services [7,65]. Making an alliance
with other companies and the government also helps develop more comprehensive mechanisms.
As for incentives and encouragement, training and education programs are great services to aid
customers in solving problems and creating long-term value. Providing ample information through
education services has been proved to be effective in changing consumer behavior [72]. With the
group influence, the power of education can be even stronger. One the other hand, services can
be designed as an amusing activity and attractive incentives for raising consumer awareness of
environment issues. For example, The Fun Theory presented several cases on environmental protection,
showing the possibility of changing human behavior via interactive and playful products or services
(see [73]). Companies can regard service offerings as an interactive activity and customers as players.
Psychological or marketing skills may aid in designing interesting offerings for motivating players.

6. Conclusions

Many companies today aim to associate their sustainability visions with product-service
offerings. Traditional PSS cases and CE principles focused more on the life cycle management issues.
How social values can be incorporated in business strategies are relatively ignored. In addition,
there is a lack of guidance for generating PSS ideas based on the integral context of sustainability.
Therefore, our research questions were: (1) How do companies broaden their visions of sustainability
and build collaborative networks for value co-creation? (2) How does PSS design address mutual
influence among the economic, environmental, and social systems and improve the completeness of
sustainable solutions? We have explored key factors of sustainable PSS and proposed operational
principles to deal with these questions. We use the TBL context to broaden companies” considerations
of sustainability-led services and apply the visualization method to help develop collaborative value
networks. We also utilize the inter-linkage concept to foster systems thinking and the inquiry learning
to stimulate idea generation for more integral contexts and solutions.

Important implications for companies and researchers include: (1) to think out of the box,
companies should expand the scope of their understanding of customer problems beyond the product
use; (2) incentive regulation and interactive activities generating feedback for stakeholders are effective
tactics for behavior change; (3) addressing social issues may not bring immediate economic profit, but
it will generate long-term values and enhance the brand image for companies; and (4) developing
collaborative networks with the government, communities, and other social actors can foster open
innovation and find more opportunities to co-create sustainable values.

Because this concept paper is based on library research, there are several limitations regarding the
proposed approach. First, the references we analyze were selected from journal papers in the Scopus
database, but other conference papers or case reports may also contain important information. Secondly,
the inquiry learning can help generate multiple PSS ideas, but it lacks quantitative analysis to evaluate
the feasibility of each idea. In addition, radical innovation often comes with risks. Field research
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concerning how companies manage risk analysis will be needed to ensure the stability of new PSS
solutions. Moreover, although the proposed approach encourages the establishment of collaborative
networks and open innovation, the fear of sharing sensitive information may become the barrier to
collaboration-based PSS [74]. Managing companies’ intellectual property in shared value networks
can be another complicated issue for future research.
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Appendix A

Relational mapping Description of relationships

R1-R2: Waste pickers ride their bicycles, visiting residents
from house to house for collecting recyclable
materials.

R2-R3: Waste pickers collect all materials on their
bicycles and go to recycling centers that pay
money according to the quality or quantity of
collected materials.

R1

Residents

Notes

Materials
Services

® The work for waste pickers is quite labor-intensive,
but the payment the collectors receive from the

R2 Payment R3 recycling centers is quite small.
Waste Recycling ® Waste collectors are dressed in ragged clothing due
pickers Materials centers to their poverty.

® Most residents do not separate their recyclable

materials.
o J

Figure A1. Graphic presentation of the recycling scenario. The case was adopted from [61].
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