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The Water-Energy-Food (WEF) Nexus significantly and effectively address sustainability
issues internationally. However, there has been little attention paid to the WEF Nexus
challenges related to sustainable livelihoods, such as resource access, resource security,
and resource utilization. Given the need to establish design research, policy formulation,
and resource management based on end-user needs, new research hypotheses and
available models must be proposed on a small-scale scale of households and
communities. This paper combines the Sustainable Product-Service System (SPSS)
and Distributed Economies (DE), two prospective and intertwined models combining
environmental, social, and economic sustainability with the WEF Nexus approach, to
emphasize the shift to small-scale and highly localized WEF systems and the product and
service system based on the satisfaction unit, i.e., designing SPSS applied to Distributed
WEF Nexus. This paradigm shift is presented and detailed in an 11-dimensional canvas
with an analytical, conceptual research approach to help to define and analyze the
characteristics of existing solutions and promote innovative ideas or scenarios in a
sustainable WEF nexus. The new 11-dimensional canvas tool, in particular, is thought
to have the potential to become a basic research analysis and innovative strategic tool in
this field after being tested and evaluated by forty companies, experts, and designers in
China and Italy. Finally, despite considerable implementation obstacles, this innovative
application of multi-mode integration still has the potential for win-win sustainability, to
meet human needs for clean water, safe energy, and sufficient food, ultimately accelerating
the transition to a sustainable society.

Keywords: sustainability design, sustainable product-service system, distributed water-energy-food nexus,
dimension characterizing, design strategy

1 INTRODUCTION

Water is crucial for daily use and has no substitute. Sufficient access to water and energy are not
available to everyone worldwide. As per different data, there are 2.2 billion (WHO&UNICEF, 2019),
770 million (IEA, 2020), 2.6 billion, and two billion (FAO, 2020) people who do not have access to
safe drinking water or electricity services. To achieve sustainable social development, it is particularly
critical and urgent to effectively solve resource challenges, such as water, energy, and food (Biggs
et al., 2015; Chang et al., 2016; Liu N et al., 2021). The world’s population is projected to grow from
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7.7 billion in 2019 to 8.5 billion in 2030 (10% increase), and
further to 9.7 billion in 2050 (26%) and to 10.9 billion in 2100
(42%) (United Nations, 2019); this will have an extra burden on
industrialization, economic change, and globalization as it will
cause the global demand for water, energy, and food to grow
beyond the carrying capacity of the earth (de Andrade Guerra
et al., 2020). Water is important for energy production and the
production of food requires the combined effect of water and
energy. The global energy demand will grow by 50%, food
demand will grow by 60% (FAO, 2020; UEIA, 2020), and the
time proportion of the population in water-scarce areas in the
world will be around 52% (Ko€lbel et al., 2018). Growing scarcity
can worsen access to basic needs and threaten the integrity of
ecosystems; integrated resources management, or better still, a
system design approach to water, energy, and food supply, can
effectively address and halt these trends. This has been
highlighted in the decision-making process owing to the
complex relationships between three elements (Bazilian et al.,
2011; Howells et al., 2013; Sohail et al., 2021a; Sohail et al., 2021b;
Sharma et al., 2021; Sohail et al., 2021), i.e., adopting the
systematic way to design, develop, and manage the nexus
(Bazilian et al., 2011; Leck et al., 2015; Keairns et al., 2016;
Kurian, 2017; Weitz et al., 2017; Namany et al., 2019). The
WEF Nexus has become the core of the discussion on the
formulation and follow-up monitoring of the Sustainable
Development Goals, focusing on Goal 6 (clean water for all),
Goal 7 (energy for all), and Goal 2 (food security for all). The first
step for achieving these goals could be to build a well-coordinated
nexus system (Obersteiner et al., 2016; Yen et al., 2017; Mercure
et al., 2019; Simpson and Jewitt, 2019; Borowski, 2021; Sohail
et al., 2021c; Sohail et al., 2021d). In the current year, the WEF
nexus, with a new method to clarify the complex interactions
between multiple resource systems, has been developing rapidly
in academic and scientific research (Endo et al., 2017; Liu et al.,
2017; Albrecht et al., 2018; Mabrey and Vittorio, 2018). However,
the scientifically applicable models, frameworks, and methods to
handle the WEF nexus issues applying systematic analytical
thinking still need to be further enriched. In the LeNSin
project-the International Learning Network of networks on
Sustainability (EU Erasmus+, 2015–2020) - researchers have
proposed the SPSS and the DE mode, which join
environmental, social, and economic sustainability; this has
been practiced and validated by many case studies and design
experience that were applied in various circumstances around the
world (especially in low/middle-income contexts). The SPSS and
the DE model are considered to be a win-win sustainable
opportunity for all (Sohail et al., 2014; Vezzoli et al., 2014,
2017; Kohtala, 2015; Emili et al., 2016; Petrulaityte et al., 2017;
Sohail et al., 2019a; Sohail et al., 2019; Nasrullah et al., 2021). The
identification of designing SPSS applied to Distributed WEF
Nexus characterizing was carried out using the analytical and
conceptual method (Meredith, 1993; Wacker, 1998; Sohail et al.,
2013). Establishing new insights by logically developing the
relationships of defined concepts is the focus of this approach;
in the paper, we determined the different discriminatory
dimensions of Distributed WEF Nexus and SPSS. Focus on
key dimensions, five dimensions of SPSS and nine dimensions

of Distributed WEF Nexus are grouped and analyzed to build the
original conceptual model, i.e., the 11-dimensional canvas, that
could explain the characteristics and benefits related to the
attributes of SPSS applied to Distributed WEF Nexus. This
paper has significant value and helps to fill the knowledge gap
about the combination of those three models. The objectives of
this research were: 1) To characterize the key role in designing
SPSS applied to Distributed WEF Nexus; 2) to characterize the
characteristics and models of SPSS applied to Distributed WEF
Nexus, in particular, in low and middle-income environments; 3)
to discuss critical factors and challenges characterizing the SPSS
applied to DE in the WEF Nexus approach; and 4) consider the
applications of these models to promote sustainability for all.

2 METHODOLOGY

2.1 Data Collection
After developing the 11-dimensional canvas, it was presented to
companies, experts, and practitioners in China and Italy between
May and July 2021. In this study, there were 40 people (12 from
six different companies that focus on new energy, water, and
food, 18 experts including eight professors on sustainability, five
from a national research center on innovation and sustainability,
five from a strategic design consultancy, and 10 designers who
had over 6 years of experience engaged in product and/or service
design from famous design companies) participated in the testing
activities. Testing activities assessed various aspects of the 11-
dimensional canvas: the completeness and inclusion of all
possible characteristics, the clarity and usability, and the
effectiveness. First, through a 1 h demonstration, the
interviewees were presented and introduced to the SPSS model
applied to the distributed WEF Nexus (Stein et al., 2018; Al-
Sumaiti et al., 2020).

2.2 Sustainability Potential Models
2.2.1 SPSS Applied to DE
Since the late 1990s, the concept of the SPSS has been focused on
as one of the most promising models for innovation based on the
shift from traditional product or service sales to products and
services’ combination to address specific customer requirements
(Goedkoop et al., 1999; Cooper and Evans, 2000; Mont, 2001;
UNEP, 2002; Tukker and Tischner, 2006; Baines et al., 2007).
When the product-service system (PSS) repositions unsustainable
production and consumption patterns to reduce the impact of
“satisfied units” on the environment, it is called an Eco-efficient
PSS (Manzini & Vezzoli, 2003); when sustainable benefits are also
related to social ethics, it is called SPSS (Vezzoli et al., 2015;
Mahfooz et al., 2017; Vezzoli et al., 2018; Mahfooz et al., 2019).
DE is a concept proposed as a response to the present industrial
production system, which can accelerate the development of
small-scale, decentralized, and flexible units that are connected
in coordination and utilize local resources (Johansson et al.,
2005). In addition, DE is used in the innovation of regional
sustainable development strategies. Therefore, “area” is
considered (IIIEE, 2009) as a small network entity integrated
into the network, which has the advantage of being more flexible
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and adapting to changes. In the LeNSin project, DE is defined as
giving end-users control over basic activities and optimizing the
point-to-point network structure of production and sales by
sharing resources, commodities, information and knowledge,
realizing a paradigm shift from a centralized large-scale
production unit and distribution system to a small local
production unit. The definition has so far been reorganized as
follows (LeNSin, 2019): The SPSS and the DE models, or better
still their combination, have been considered as promising
methods to tackle economic, environmental, and socio-ethical
issues in low/middle-income (all) contexts (Vezzoli et al., 2014;
Jiang et al., 2021). The SPSS applied to DE can reduce the initial
(capital) cost of DE hardware purchase (which may not be
affordable) and the operating cost of DE hardware
maintenance, repair, and upgrade (which may lead to
interruption of use), improve the level of local employment
and related skills, and increase the economic income of
producers/providers, to design DE production units and
products with low environmental impact, and achieve the
sustainable development to obtain resources, goods, and
services (LeNSin, 2015–2020) (Figure 1).

2.3 The WEF Nexus
The WEF nexus provides an analytical framework for studying
the dynamic interaction of water, energy, and food resource flow,
using a systematic method to analyze the interaction of
stakeholders, and proposing a very effective sustainable
development strategy, which has been recognized by more and
more international organizations and academia. (Meadows et al.,
1972; Levison et al., 1977; Allan, 2003; Qadir et al., 2007; Endo
et al., 2017; Liu et al., 2017). However, the WEF nexus framework
was first proposed in the World Economic Forum (2011) and
defined as a major risk for global economic and social

development. Then at the Nexus conference in Bonn, Hoff,
(2011), it took into account global trends and potential areas
of action and improved the framework with the availability of
water resources as the center. The World Economic Forum
(WEF) nexus is embedded in natural, architectural,
institutional, and governance systems, and an ecosystem-based
framework was proposed by the International Institute for
Sustainable Development, 2013. Finally, the FAO framework
emphasized the connections between humans and natural
systems to promote sustainable development based on a
2014 resource-focused framework. Although the WEF Nexus
has yet to form a definitive definition, owing to the multiple
research scales and short development period, the understanding
of the WEF Nexus can be summarized as a combination of the
core and peripheral systems (Figure 2). The core WEF Nexus
system illustrates the inside-relevance of water, energy, and food,
that reflects the interdependence and mutual restriction
relationship between water, energy, and food resources. For
example. the storage, extraction, transportation, treatment, and
use of water requires energy consumption, the production and
preparation of energy (mining, oil refining, hydropower) and
distribution and utilization (heating and refrigeration) of energy
need the support of water resources, and food production
requires water and energy consumption from irrigation to
processing and distribution.

2.4 Characterizing Dimensions Analysis
Through the definition of characterizing dimensions of the two
potential models, the characteristics analysis and research that
integrates the contribution of SPSS to Distributed WEF Nexus
could be studied. Dimensions represent changes in attributes and
provide information about the specificity and scope of certain
concepts (Corbin & Strauss, 2014). SPSS and DWEFN

FIGURE 1 | The win-win model of SPSS applied to DE (LeNSin, 2015–2020).
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characterizing dimensions are variants of the characterization
components used to describe the model in the study.

2.5 Characterizing Distributed WEF Nexus
Distributed WEF Nexus and sustainable WEF supply are related
concepts in the evolution of access to water, energy, and food. The
distribution and WEF nexus are increasingly important in
achieving sustainable development. In the distributed WEF
nexus model, the foundation and key services of water, food,
and energy are close to the demand point, for example, a
household balcony greenhouse equipped with solar panels and
a rainwater purification system, and customers are both
consumers and producers of water, energy, and food-related
goods. However, Distributed WEF Nexus does not need to
define the types of resources used but emphasizes resource
acquisition sustainability, effectively using cross-sectoral and
increasing interconnections in space and time to achieve
sustainable resource acquisition and improve resource
utilization efficiency. Improved water, energy, and food
security (LeNSin 2015–2020). The Distributed WEF Nexus
changes the system size from a large centralized production
and distribution system to a small-scale production system
with a high degree of localization, as well as the hierarchical
structure to a peer-to-peer distributed network. This can increase
the system’s openness, transforming it from a closed one-way
network to a hybrid open, collaborative network, as well as
improve the system’s ability to reestablish equilibrium in the
face of change and promote a more flexible response to user
needs. Furthermore, consumers are also producers in Distributed
WEF Nexus, allowing for a shift from standardized to customized
production. However, a clear presentation that characterizes

Distributed WEF Nexus appears to be missing. To emphasize
the paradigm shift to Distributed WEF Nexus, the following
definition is proposed: Through a literature review of WEF
Nexus, we found that although the research on WEF Nexus
has varying descriptions, the four dimensions of a WEF Nexus
model are recognized by some researchers (Garcia and You, 2016;
Guta et al., 2017; Terrapon-Pfaff et al., 2018; Abulibdeh and
Zaidean, 2020) in system modeling, policy research, or practice.
The spatial or geographical scale refers to the definition of system
boundary for WEF Nexus, i.e., the geographic level of
applicability for the nexus, from a small-scale household or
individual to a global scale (Garcia et al., 2019; Abulibdeh and
Zaidan, 2020; Sharma et al., 2021a; Jain et al., 2021; Allain et al.,
2022). Each scale has its supply chain of water, energy, and food;
each scale is connected to others (Putra et al., 2020). Stakeholder
refers to the roles involved in cross-departmental collaboration
and competition in the WEF Nexus system related to the supply
chain. Different hierarchies of stakeholders (individual,
enterprise, manufacturers, governments, etc.) have various
sustainability priorities. Industrial and agricultural producers
are mainly focused on income and prices, households are
focused on financial security and health, and governments are
concerned with fiscal policy and environmental and social factors
(Hoolohan et al., 2018; Garcia, 2019; Küblböck et al., 2021).
Planning and properly defining these goals is one of the core
challenges of optimizing WEF Nexus (Endo et al., 2018; Zhao
et al., 2019; Melloni et al., 2020). Risk assessment is an event or
activity that has a significant adverse impact on the WEF nexus
system that has been considered as the key indicator for assessing
system risk and achieving sustainability (Abulibdeh and Zaidan,
2020; de Andrade Guerra et al., 2020; Yi et al., 2020; Shahab et al.,

FIGURE 2 | The WEF nexus system combination of the core system and peripheral system.
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2016). System breadth indicates the nexus range of resources
included. Due to the inseparable connection between the WEF
nexus system and the outside resource and eco-environments, the
nexus can include more resources or factors, like livelihoods
(Biggs et al., 2015; Rasool et al., 2017), climate (Beck and
Villarroel Walker, 2013; Sohail et al., 2014a; Sohail et al., 2015;
Lan et al., 2021; Liu Y. et al., 2021), land (Ringler et al., 2013;
Muhammad et al., 2014; Chai et al., 2021), and so on. Therefore,
we propose nine descriptive dimensions for Distributed WEF
Nexus (Table 1) that capture and combine the related dimensions
in the publications from a supplementary and unified perspective
to catch the benefits of distributed structure and cooperation of
WEF nexus.

2.6 Dimensions of SPSS Applied to
Distributed WEF Nexus
Three major SPSS approaches to system innovation that are
rooted in a satisfaction-based economic model, stakeholder
interaction-based innovations, and the intrinsic eco-efficiency
potential have been studied and listed (Vezzoli et al., 2014):
Product-oriented SPSS, User-oriented SPSS, Result-oriented
SPSS. This classification also refers to the orientation of SPSS
offering, ownership, operation, and decision-making power,
provider and customer interaction, and sustainability potential
involved in SPSS innovation. SPSS offering, also known as value
proposition,corresponds to a series of products or services
provided for users in the system, as well as the substantive
value that users are willing to pay for. The operation needs to
manage, operate, and maintain the products of the system, which
can be customers (i.e., the end-users, individuals, communities,

entrepreneurs, etc.) or providers. The nature of the user’s and
supplier’s interaction can be either a buyer-seller relationship
(transaction-based in a product-oriented SPSS) or building and
continuing a closer relationship (relationship-based in a use-
oriented and result-oriented SPSS). Based on three principal
forms of innovative stakeholder configuration, product
provision is combined with product lifecycle services to users,
a support platform is provided for users, and the final result is
provided to users.

The SPSS model’s main characteristics are represented by the
five dimensions listed above. Scholars generally agree with the
previously proposed SPSS classification and dimension proposals
(Manzini and Vezzoli, 2003; Tukker, 2004; Gaiardelli et al., 2014;
Vezzoli et al., 2015; Reigado et al., 2017). The SPSS model is
extensively used in the LeNSin project and has gained diverse
features via practice and application to a variety of Sustainable
challenge scenarios in China, Britain, Milan, India, Brazil, and
other areas. It can be used in specific fields, like distributed
manufacturing and distributed information and knowledge, as
well as in distributed design and distributed software. For the
range of this paper, these SPSS dimensions or distributed WEF
nexus dimensions alone are not suitable for describing the specific
characteristics of SPSS applied to DWEFN. The Distributed WEF
Nexus changes the system size from a large centralized
production and distribution system to a small-scale production
system with a high degree of localization, as well as the
hierarchical structure to a peer-to-peer distributed network.
This can increase the system’s openness, transforming it from
a closed one-way network to a hybrid open, collaborative
network, as well as improving the system’s ability to
reestablish equilibrium in the face of change and promote a

TABLE 1 | The description and details of dimensions characterizing Distributed WEF Nexus.

Dimension Description Details

System
structure

It could be characterized to summarize the interaction between
stakeholders in WEF nexus system belonging to which hierarchical
structure, to offer, transfer or gain the water, energy, food production/
supply

Stand-alone household WEF nexus; Network entrepreneur structure of
WEF nexus; Network to the network community structure ofWEF nexusetc.

System breadth The nexus range or resources included. Due to the inseparable connection
between the WEF nexus system and the outside resource and eco-
environments, the nexus can include more resources or factors

Water, energy, food; Water, energy, land, food (Ringler et al., 2013); Water,
energy, climate, food (Beck and Villarroel Walker, 2013); Ecosystem, water,
food, energy (Karabulut et al., 2016)etc.

Payment
structure

It represents the value proposition of WEF solutions provided to customers
in the offering model, that is, the combination of goods and services that the
customer is willing to pay for and the payment structure

Pay-to-purchase (product-related service; advice; training; consultancy;
additional services) (Gaiardelli et al., 2014); Pay rent; pay rent/sharing/
pooling; Pay-per-period; Pay by time; Pay-per-use; In-kind contribution;
Hybrid payment (Emili et al., 2016; Petrulaityte et al., 2017; Bacchetti,
2018)etc.

Capital
financing

Represents the means and/or organizations of capital providing and related
cost recovering and revenue supporting for the WEF nexus system

Governmental subsidies, donations, private loans, micro-finance
institutionetc.

Ownership Refers to who owns the services and/or products related to the solutions
offered in Distributed WEF nexus system

Customer or Provider

Organization
form

The nature of institution providing the WEF nexus system solution Public sector-based, NGO, community, PPP/hybrid, private sector-
basedetc.

Operation It refers to who operates and manages those services and/or products
related to the solutions offered in Distributed WEF nexus system

Customer/Provider

Customer The nature of the end-users, it should be as close to end consumers’ needs
as possible on the geographical scale in Distributed WEF nexus system

Household, private company, community, or other productive activities

Risk
assessment

Refers to the events or activities that have a substantial negative effect on
inside-relevance and outside-relevance of Distributed WEF Nexus system

Population growth, economic risk, extreme weather, conflicts, agriculture,
technology, policy, etc. (Hoff, 2011; Lawford et al., 2013; Abulibdeh and
Zaidan, 2020)
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more flexible response to user needs. Furthermore, consumers are
also producers in Distributed WEF Nexus, allowing for a shift
from standardized to customized production. However, related to
this, we must recognize the complexity of this model: SPSS
applied to DWEFN can propose solutions focused on
providing access to energy, food, and water collaborative
systems (i.e., Mini-grid for biomass gasifier, Micro

Hydropower Station, and floating farm), products that food,
energy, and water can be converted or utilized mutually (such
as biogas stove, drip irrigation planting equipment and solar
water pump), the combination of these products or system output
energy, food and water resources related or collaborative
solutions (such as bioenergy, hydroponic crops, etc.). To this
purpose, we first examine the distinctive characteristics of

TABLE 2 | The dimensions characterizing SPSS and Distributed WEF Nexus.

SPSS dimensions DWEF nexus dimensions SPSS + DWEF nexus
dimensions

System structure 1. System structure
System breadth 2. System breadth

SPSS offering Payment structure 3. Payment structure
Capital financing 4. Capital financing

Ownership Ownership 5. Ownership
Organization form 6. Organization form

Operation Operation 7. Operation
User 8. Customer

Provider/user relationship 9. Provider/user relationship
Sustainability potential 10. Sustainability potential

Risk assessment 11. Risk assessment

FIGURE 3 | The description and details of characterizing SPSS applied to Distributed WEF Nexus in 11 Dimensions Canvas.
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Distributed WEF Nexus and SPSS to discover which dimensions
overlap and combine. We found 11 dimensions after clustering
(as shown in Table 2) to characterize in designing SPSS applied to
Distributed WEF Nexus. Then, we describe and detail the 11
dimensions in a visualized canvas to characterize in designing
SPSS applied to Distributed WEF Nexus (Figure 3). This
dimension-based descriptive form as a design tool (Figure 3)
could be used in gathering the information needed to facilitate the
generation of solutions and scenarios for sustainable system
innovations related to SPSS applied to Distributed WEF
Nexus, as well as defining and developing the most promising
concept into a detailed version by the visualized canvas for its
implementation.

Therefore, applying SPSS to Distributed WEF Nexus means a
double paradigm shift in system structure and supply mode,
which is: 1) from a centralized production and supply structure
based on freshwater resources, non-renewable energy, and food
supply to a distributed renewable resource of water, energy, and
food supply structure. 2) The transition from the traditional
product supply model based on product ownership to a
product and service system based on “satisfactory units” to
meet demand.

The system structure (dimension 1) is closely connected to
target clients (dimension 8); usually, the self-contained structure
is generally domestic systems, aimed at the personal customer
(e.g., home biogas), WEF solutions shared over a network to
groups of users (e.g., the green roof for storing rainwater and
growing crops), or through network-to-network communication
(e.g., community farms, mini-grids, micro-hydropower). The
distributed structure of Distributed WEF Nexus, enabling
locally based, renewable water, energy, and food resources,
promotes democratization and equal distribution of resources.
Using locally based renewable resources can support local social
and economic growth, facilitate the supply of water, energy and
food in everyday living, and increase revenue within the flexibility
of the earth (refer to dimension 10, 11). However, the changing
external environment will seriously impact the acquisition and
utilization of WEF resources. For example, in 2021, influenced by
the outbreak and spread of COVID-19, it accelerated the
difficulty of food acquisition that might have pushed an
additional 83–132 million into chronic hunger and slowed
down the promotion of safe energy and clean water facilities
(FAO, 2021), besides regional conflicts, economic changes,
technology innovation, and adjustment of production structure
(Nicola et al., 2020). More diverse nexus systems will be expanded
through the risk assessment (dimension 11) of its main related
factors (dimension 2) as many related factors as possible will be
included in consideration of sustainable solutions, which will help
follow-up researchers explore and open up new research fields.

However, the purchase and maintenance costs of related
equipment or products (pumps, solar panels, biogas stoves,
drip irrigation equipment, etc.) in Distributed WEF Nexus
system are often a significant investment in low and middle-
income contexts, though governmental subsidies, donations,
Private loans, micro-finance institution, and other approaches
can effectively relieve the initial financial pressure of the
household or community (dimension 3). By providing

different combinations of service-oriented or results-oriented
payment structures (dimension 4), such as pay-per-period,
pay-per-time, pay-per-use, or in-kind contribution, the
ownership changes from customer to the provider (dimension
5). Customers only need to pay attention to usage and service
experience, and the provider is accountable for system operation,
management, and the safeguarding and upgrading of equipment
and products (dimension 7). As a result, the nature of the
interplay between the user and supplier shifts to relationship-
based (dimension 9), and the end-users will have easier access to
WEF resources and fewer life cycle costs in the system.

In addition to solving the gap between local technology and
business capabilities, the Distributed WEF Nexus model also
shows the necessity of a service-based offering model
(dimension 7) that provides a series of skill and knowledge
training for local households and communities to create job
opportunities and enhance the vitality of local economies. The
provider of Distributed WEF Nexus system solutions can be a
public sector-based institution (government, utility), private
sector-based organization (private or local enterprises), a
hybrid, or a Private Public Partnership (PPP) comprised of
several various parties. The focus shifts from goods ownership
to user-oriented or result-oriented tomeet demand and overcome
the constraints that affect everyone who can get the sustainable
WEF Nexus supply, especially in low and middle-income
situations.

3 RESULTS AND DISCUSSIONS

The 11 Dimensions canvas of characterizing SPSS applied to
Distributed WEF Nexus has been practiced and tested by water,
energy, and food companies, specialists, and designers, to test its
completeness, usability, and effectiveness. The results are shown
in Table 3.

3.1 Testing the Completeness
The first goal of the test campaign is to verify the integrity of the
11 dimensions canvas (i.e., to what extent it can cover all
characteristics of SPSS applied to Distributed WEF Nexus).
For this purpose, it involved participants to identify these 11
dimensions and see if they can point out the features and
elements beyond these 11 dimensions. After introducing and
describing the 11 dimensions, the respondent had around 1 h to
rethink each dimension, combine their own experience within the
field, and consider the case studies given for SPSS applied to
Distributed WEF Nexus. Among all the interviewees, most of
them indicate the main characteristics of value, stakeholders,
interactions, system potential, and risk that have been covered.
However, only three of them could distinguish other elements
that were not contained in the identified dimensions: the specific
interactions of all stakeholders involved in the nexus system have
not been well defined (C6), the relevant information analysis of
the material and equipment are missing (D3), and the technology
innovation in the system has been neglected (E1). Following
upgrades to the canvas tool, what has been noted will be refined
and iteratively tested; the involvement of a broader range of
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government sectors, enterprises, and experts, particularly from
other disciplines and regional backgrounds, would help to
provide stronger verification.

3.2 Testing the Usability
The second part of validating the usability entailed confirming
whether participants could clearly understand the contents in the
canvas, could use it without difficulty, and would be willing to
continue using it in subsequent work and research.

The first step is to test the clarity of the canvas tool, that is,
whether the meaning of each dimension is plain and easy to
understand. The majority of interviewees rate this aspect very
highly with an average of 4.5 out of total 5, “The text and keynotes
given in the canvas enhance understanding of the content” (C9),
“There are no disturbing information or images in the canvas,
which is simple and easy to understand” (E5). However, a few
designers (D3, D9) suggested that the graphics or images can
present the description of the system structure (dimension 1) for
a clearer understanding.

After 1 h of user experience, a large majority of participants
reported no difficulty in using the tool (55% rated 4 = very
satisfied and 35% rated 5 = Completely satisfied), “It is easy to
distinguish the content of each dimension” (E13), and “it is easy
to use with only text to fill in” (C12). However, two of the experts
(E10, E16) expressed concern that the dimensional characteristics
were described too simply and could easily lead to
misunderstandings in team communication, suggesting that
feedback on the use of the tool in teamwork should be
supplemented in subsequent studies and trials. Satisfaction
decreases when it comes to whether they will continue to use
the tool in the future, four of them indicating that they are less
likely to use it, “a preference for quantitative analysis of WEF
resource input and output in a specific project and less focus on
service and business model innovation” (C4, C11), “preferring a
more visual and dynamic presentation to illustrate the cases and
inspirations” (D3, D7). However, the remaining 75% of

participants indicated that they were still willing to continue
to use it, “it could simplify their difficulty in describing complex
cases” (D6), “categorizing case information could facilitate
comparative studies of different cases with same dimension
level” (C1), and “it could help them to identify factors that
were overlooked in research development” (C5).

3.3 Testing the Effectiveness
The assessment of effectiveness in the tool aims to show: 1)
how well the toolkit contributes to the understanding of the
potential benefits of this innovative model of SPSS applied to
Distributed WEF Nexus, two] how well the tool supports the
analysis of existing cases, and 3] how well it supports the
generation of new ideas. 2) Most of the participants rated 11
dimensions ability to provide information about SPSS and
WEF Nexus benefits≥4 (22 very satisfied and five completely
satisfied), support the application of SPSS to WEF Nexus
showing the transfer from the product-based offer model of
water, energy, and food (e.g., irrigation, planting, pumping,
power generation equipment) to product-service and even
service-based sustainable offer models of WEF nexus system
(e.g., reducing/avoiding initial investment, providing life-cycle
service and cut related cost, community network, and
individual capacity building). “Dimension 9 directly
demonstrates the superiority of the SPSS model in the WEF
Nexus system” (D3). “Dimension 10 gives a good indication of
the potential benefits in the environmental, economic, and
social level, but it takes some time to discern” (C1). On the
contrary, “(there is a) lack of quantitative data analysis to
directly assess specific economic benefits, inputs, and outputs
to the environment and society” (C4). However, “dimensions 3
and 4 can reflect the weight of the initial financial investment
and revenue scale in the system” (E13). A few participants also
suggested that the synergistic nature of WEF be detailed in the
system breadth or described separately, which would better
represent the nexus system’s benefits.

TABLE 3 | Questionnaire results.

Testing the completeness

1. Could you think of other dimensions of SPSS applied to distributed
WEF nexus that are not included in the 11 dimensions? If yes, which
ones?

Yes:3 (7.5%, see section 6.1)
No:37 (92.5%)

Testing the usability 1: Not at all
satisfied

2: Slightly
satisfied

3: Moderately
satisfied

4: Very
satisfied

5: Completely
satisfied

Average

2. To what extent are the descriptions of the 11 dimensions easy to
comprehend (i.e. that each dimension’s meaning is clear)?

0% 0% 2 (5%) 16 (40%) 22 (55%) 4.50

3. How easy are the 11 dimensions to use? 0% 0% 4 (10%) 22 (55%) 14 (35%) 4.25
4. To what extent would you use the 11 dimensions for your future
research in the related topic?

0% 4 (10%) 6 (15%) 18 (45%) 12 (30%) 3.95

Testing the effectiveness 1: Not at all
satisfied

2: Slightly
satisfied

3: Moderately
satisfied

4: Very
satisfied

5: Completely
satisfied

Average

5. To what extent do the 11 dimensions help you to comprehend the
prospective benefits of applying SPSS to distributed WEF Nexus?

0% 3 (7.5%) 10 (25%) 22 (55%) 5 (12.5%) 3.725

6. To what extent are the 11 dimensions easy to use for existing
cases?

0% 0% 4 (10%) 14 (35%) 22 (55%) 4.45

7. To what extent are the 11 dimensions easy to use for generating
ideas?

0% 2 (5%) 7 (17.5%) 18 (45%) 13 (32.5%) 4.05
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By analyzing the given case using the canvas tool, 55% of the
participants agreed that the tool could fully support the analysis
of the existing case, and only four participants rated 3
(Moderately satisfied). “More time needs to be spent
identifying and defining the system structure as this part will
not be directly shown in the presentation of the case” (C9), from
the existing description of sustainability potential (dimension 10),
“it is difficult to make an objective sustainable benefits
comparison of the analyzed cases in terms of sustainability
(dimension 10)” (E2), “the characteristics of the risk
assessment (dimension 11) are given as a general list, which
does not show priorities and may result in a generalized
description” (C11). Other different views suggest that “the tool
would be useful for basic research and pre-research stage” (E5),
“an attempt could be made to introduce the tool in the classes of
undergraduate and graduate students in related disciplines” (E8).

The 11 dimensions canvas can help researchers identify the
key innovation factors in this innovative model that can facilitate
the generation of new ideas. For example, it could be used to focus
on decentralized models (dimension 1) to avoid wastage of WEF
resources in distribution caused by intensive agriculture and
production, or expanded to make connections with broader
subsystems such as climate, biodiversity, or urban ecology
(dimension 2) to contribute to a broader sustainability goal. It
could also be used in identifying new business opportunities by
choosing a different payment structure (dimension 3), replacing
traditional sales to offer pay-per-use or pay-per-time to rent
goods or equipment, and expanding business in low and middle-
income situations, optimizing or improving the risk factors stated
(dimension 11) to improve the sustainability and resilience of
new ideas. Participants were asked to facilitate the generation of
new ideas using the canvas tool in the last 30 min of the test to test
our hypothesis. The respondents got an average score of 4.05.
“Eleven dimensions helped to broaden ideas from different
perspectives such as finance, stakeholder relations, service
models, risk management, and social innovation, avoiding the
dilemma of being in a fixed mindset” (C2), “the process of
generating new ideas becomes structured” (C3), and “canvas
can record the first thoughts of a new solution in a specific
dimension, accelerating the formation of a complete
solution” (D1).

4 BENEFITS ANALYSIS OF SPSS APPLIED
TO DISTRIBUTED WEF NEXUS

TheWEF system concept method, which links water, energy, and
food, can finely comprehend and systematically study the
interaction between the natural environment and human
activities and will improve the level of cross-departmental and
cross-scale coordinated management and the usage of the natural
resources efficiency (Santos Da Silva et al., 2019). Also, the WEF
nexus approach can help monitor and assess progress on the 2030
global agenda, making the implementation of SDGs more
efficient and cost-effective (Naidoo et al., 2021). We can use
the Nexus approach to evaluate and recognize trade-offs and
create cooperation through feedback to achieve more integrated

and cost-efficient planning, decision, implementation,
supervision, and assessment (Radini et al., 2021). The use of
distributed WEF networks and the SPSS model for the
development, production, and use of these local WEF
resources can empower local resources and increase local
involvement in the mining, production, use, and disposal of
these resources. It can reduce the difficulty of obtaining water,
energy, food, and other resources in low andmiddle-income areas
(Cipolletta et al., 2021), improve the fairness of supply and
distribution, and all the efforts will contribute to the vision for
a world free from poverty, hunger, and disease. As a win-win-win
system, SPSS applied to DistributedWEFNexus has the following
potential:

4.1 Environmental Benefits
• Reduce waste and emissions in production and supply
chains to minimize resource pressure. The production
unit is often far from the end-user in centralized
production, and the hidden environmental and social
costs are relatively high. But the Distributed WEF Nexus
supply system is built near the end-user to reduce the
environmental impact of transportation and packaging.

• Extend product life-cycle and reduce environmental impact;
Compared with traditional product offer models, SPSS
usually means changes in ownership structure, aims to
extend the product life-cycle, and provide life-cycle
services for maintenance, repair, and replacement,
delaying the replacement and production of new
products, thereby minimizing the environmental impact.
In addition, it provides higher economic benefits with white
products, such as promoting the intensive use of products
through sharing.

• Improve resource utilization while minimizing
environmental hazards and impacts. The recycling of
resources within the distributed WEF Nexus system (e.g.,
the wastewater could be used as irrigation water) can reduce
the disposal costs. Simultaneously, the SPSS model uses
different strategies to reduce transportation, distribution,
minimize resource consumption, reduce the extra cost of
generating emissions and treating toxics, and increase the
total amount of recycling, energy recovery, and compost.
Furthermore, such a production unit can be installed and
used in a small-scale economic unit (Cipolletta, G., 2021), in
an independent residential area, or even in a household,
which reduces the impact on the environment.

4.2 Economic Benefits
• Nexus can help identify where possible “tipping points”
exist, i.e., where the increases in one benefit relative to
another are too extreme. It allows decision-makers and
stakeholders to determine what is the best available blend
of options (e.g., which WEF Nexus configuration will
balance revenue growth in one sector with revenue
growth in another), depending on their needs and wishes.

• Reuse waste in a multi-use system to reduce waste/toxic
disposal costs; Consider reuse waste in the distributed WEF
Nexus system. For example, wastewater is used to irrigate
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community farms to save irrigation water costs and reduce
household wastewater treatment costs.

• Promote economic development opportunities in low-and
middle-income areas and improve employment. SPSS
applied to Distributed WEF Nexus is an offering model
that is labor and relationship-intensive. It could improve
local employment and increase citizens’ income. SPSS
model usually provides access rights to the WEF Nexus
system with small payments, avoiding the initial investment
cost. This makes it easier for low-and-middle-income
regions to meet social needs with lower costs. Amid
COVID-19 pandemic-induced disruptions, sustainable
investment funds are on a constant rise, so it is attractive
for local stakeholders to enhance services in emerging
economies and low-income areas (Sharma et al., 2021b).
Increasing services (e.g., renewable energy supply service) in
low-income areas will attract more stakeholders and
investment, thus contributing to local economic
prosperity (Sharma et al., 2021c).

4.3. Social-Ethical Benefits
• Improve the living conditions and employment
opportunities of low-and-middle-income groups; The
application of Distributed WEF Nexus can increase the
return rate of investment, which can bring more
development opportunities and more employment to the
local area, thus improving the living conditions of low-and-
middle-income people.

• Improve the local working condition and promote the
dissemination and development of new technologies
locally. Advanced technology could increase productivity
and improve working conditions. SPSS solutions need the
development and support of local skills. It helps the locals
introduce advanced technical skills, increase potential
employment opportunities, and promote the local
dissemination and development of technology.

• Encourage local engagement and improve social cohesion;
SPSS helps establish a sustainable WEF Nexus system to
share products and services among different users, for
example, shared kitchens, micro-grid, shared gardens, etc.
This promotes social cohesion, strengthens the mutually
beneficial relationship between residents, and impacts local
communities’ welfare.

4.4 Implementation Limits of SPSS Applied
to Distributed WEF Nexus
4.4.1 The Barriers to User Consumption Habits
Consumer behavior is the embodiment of people’s options,
affected by social norms and the institutional environment.
Current consumption habits are the dominant factor
hindering the implementation of SPSS applied to Distributed
WEF nexus. The SPSS applied to DistributedWEF nexus supplies
labor-intensive products, so the price per unit of the WEF supply
is on the rise. Consumers will be more inclined to use intuitively
cheaper centralized WEF supply (such as electricity from urban
power plants, water from water plants, and food from intensive

supermarkets). Besides, when purchasing hardware, the product-
service system is based on sharing and the right to access.
Consumers generally find it challenging to accept solutions
without ownership (Ceschin and Gaziulusoy, 2019).

4.4.2 Challenges for Providers and Stakeholders
From companies’ or product service providers’ perspectives, the
lack of infrastructure and technologies involved in disposal and
remanufacture hardware/products locally may become a
limitation to SPSS construction (Bansal et al., 2020). Besides,
the long-term costs of SPSS (such as life cycle costs and benefits)
may put pressure on investment. Furthermore, when the
supplier/provider owns the product ownership, it is necessary
to develop the local functions of SPSS (such as technical and
commercial functions) to become a driver to promote local
system innovation and diffuse SPSS locally. Meanwhile, the
potential cultural barriers may cause user-oriented SPSS and
result-oriented SPSS to become barriers to local acceptance of
SPSS innovation (Mont, 2001; Ceschin and Gaziulusoy, 2013).

5 CONCLUSION

SPSS and DE models play key roles in designing WEF Nexus
solutions towards a service-oriented and result-oriented offering
model shifting with the distributed small-scale network.
Simultaneously, Distributed WEF Nexus was developed and
defined to use the benefits of distributed structure to achieve
WEF solutions that are more flexible, near to end-users,
customized, and quickly respond to sustainable challenges. We
emphasize that viewing water, energy, and food as a nexus system,
rather than separately, i.e., as a system to be designed,
implemented, and managed, is extremely promising in terms
of sustainability and characterizing the SPSS applied to
Distributed WEF Nexus has been developed and presented by
eleven dimensions canvas, based on the exploration, analysis, and
summary of the key issues and features among them. Therefore,
11 dimensions of Canvas were then tested and evaluated for
completeness, usability, and effectiveness by inviting multiple
companies, experts, and design practitioners. The feedback has
been collected after a 1-h test for each expert with the scoring of
the questionnaire scale, showing the completeness of the 11
dimensions as an analysis tool at the beginning stage of
research that could be used to characterize the main features
of the SPSS applied to Distributed WEF Nexus. The majority of
respondents gave positive feedback and high scores for its ease of
use and ability to facilitate innovation and improvement of ideas
according to different dimensions in the strategy analysis and
exploration stage of the design process. Amore broader using and
testing of the 11 dimensions of Canvas tool, including more
multi-field experts and practitioners, should also be considered by
future studies. All of this will progress further work to explore and
develop WEF Nexus-oriented concepts, design strategies, and
innovative tools to support companies, practitioners, and
designers on how to efficiently build and manage a resilient
and sustainable WEF Nexus system to achieve sustainable
access to WEF for all.
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