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Abstract

The overarching paradigm of circular economy has fundamentally challenged the established,
linear supply chains across several industries and geographies. While this new paradigm has been
increasingly driving transitions toward circular supply chains, its social potential and implications
have not earned as much attention. Within this context, we conceptualize social issues in circular
supply chains as complex systems, as they display very high levels of interconnectedness among
intricate social aspects. We compile extant social indicators prescribed by specialized literature to
propose a classification scheme for the social performance measurement of circular supply chains.
The classification uses the concept of the system's leverage points and their effect on the many
actors and stakeholders across supply chains, from companies and non-governmental
organizations to communities and public agencies. Scholars, practitioners, and policymakers may
apply the classification scheme to advance the measurement techniques and arguments around
social externalities, both negative and positive, generated by the widespread diffusion of circular

supply chain systems, as we highlight in a practical example and our managerial insights.
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A systems perspective on social indicators for circular supply chains

1. Introduction

In the last decade, individuals have developed greater social and environmental awareness by
observing the impact of the goods and services they consume and use on a daily basis. Moreover,
sustainability plays a crucial role in many different areas, ranging from education to industries,
including logistics and supply chain management, and is widely accepted as a guiding principle
for public policymaking, generating corporate strategies, and designing humankind's future
(Finkbeiner et al., 2010).

Typically, the term "sustainability" has been linked to three pillars: the environment, economy,
and society ((Brown et al., 1987),(Basiago, 1998),(Pope et al., 2004), (Vos, 2007),(Waas et al.,
2011),(Schoolman et al., 2012),(Mori & Christodoulou, 2012)). However, the origin of this
concept seems that it "cannot be traced back to one single author, but it emerges as a convergence
of several definitions from different fields" (Purvis et al., 2019). Sustainability has gained traction
in the last two decades.

Experts in systemic thinking have proposed diverse ways to define and understand how
sustainability shapes systems. For instance, Meadows (1974) argued about the need for a
sustainable " world system." On the other hand, Bruntland (1987) defined it as a "development
that meets the needs of the present without compromising the ability of future generations to meet
their own needs." Nevertheless, the biggest challenge remains on how the concept might be put
into practice for practitioners and policymakers.

To properly understand how sustainability can be operationalized concerning supply chains, it is
crucial to quantify, evaluate and improve its performance, especially about processes and the
delivery of products and services. Currently, the most advanced analyses in the business and

academic circles are focused on sustainability's environmental and economic dimensions. The
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study and standardization of both dimensions have numerous supply chain processes and have
developed multiple indicators to measure impact, likelihood, and duration. Despite this, social
aspects of performance have been widely explored from a systems perspective for many years; the
focus was centered on concepts such as viability, autonomy, citizenship, authenticity, and
legitimacy.

Therefore, organizations have barely considered them as intentional outcomes or side-effects in
supply chains, but they have "peripherally and sporadically integrated into the circular economy
concept" (Geissdoerfer et al., 2017). Although they have been included as part of goals and policies
(Bubicz et al., 2021), they have created unintentional consequences among parties along the supply
chain, derived from "many unethical practices and violations of social norms" (Govindan et al.,
2021) originated upstream the supply chain. Therefore, considering social aspects in supply chains,
particularly in circular schemes, becomes crucial to creating an impact on the communities,
increasing public engagement, and building long-term benefits for society, especially for those
who need it the most. An example is Siebert et al. (2018), who started understanding the relevance
of connecting social indicators to circular economy models' emerging concept.

The circular economy concept has gained growing attention among supply chain practitioners in
close connection and evolution of closed-loop supply chains. Many sustainability strategies and
initiatives around supply chains have been framed exclusively around reverse logistics, closed-
loop, or circular frameworks. Circular supply chains have constantly been mistaken for
sustainability itself or the implementation of sustainability strategies in supply chains. The latter
hinders private, public, and non-governmental organizations from developing a complete picture

of the three pillars of sustainability. Given the importance and traction of circularity, further
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exploration is required to advance how supply chains relate to circular economy terms, going
beyond their economic and environmental aspects as purposeful social expected impacts.
Although the literature on Circular Supply Chain Management (CSCM) has increased over the
past years, the social impacts are unintentionally omitted in the implementation process (Lahane
et al., 2020). They are analyzed only at the macro-level rather than the micro-level (Vimal et al.,
2019) or meso-level (Herczeg et al., 2018). As supply chains include different sections for the
aforementioned concepts and levels, it is necessary to answer the following question: what are the
characteristics of a model aiming to cover all levels and provide the essential indicators to support
the development of the largely forgotten social impacts?

We classify the proposed social metrics in circular supply chains based on the 12 leverage points
(Meadows, 1999) into coherent groups to guide a better understanding and manipulation of
metrics. Then, we followed the framework of Abson et al. (2017) to define the level of intervention
based on parameters, feedback, design, and intent. Finally, we showed the application of the

proposed framework based on the application of a case study.

2. Social Aspects of Circular Supply Chains

2.1. Transitions towards Circular Supply Chains

Organizations have traditionally taken a transactional approach, mainly in forward supply chains,
focusing on customers changing needs and preferences. Therefore, they have (un)intentionally
omitted their operating models' social and environmental aspects. This has created a need for a
paradigm shift from traditional linear models to new schemes. These new models embrace

environmental protection and non-economic aspects as critical insights. Therefore, they include
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social dimensions towards achieving the true impact of supply chain and logistic operations in
sustainability (Rangel-Espinosa et al., 2020) on organizations.

Operating models evolve from connecting suppliers to end consumers to integrating backward
operations from end consumers to a few supply chain stakeholders through reverse logistics
((Carter & Ellram, 1998); (Rogers & Tibben-Lembke, 1999)) and industrial ecology ((Frosch &
Gallopoulos, 1989), (Jelinski et al., 1992)). Afterward, the idea improved to expand its impact to
several upstream stakeholders via the closed-loop supply chains (Guide & Van Wassenhove,
2009), cradle-to-cradle (C2C) design approach (McDonough & Braungart, 2002) and "zero waste"
movement ((Murray, 2002),(Elkington, 2012)).

Lastly, those approaches have evolved toward existing trends such as the function-based economy
(Stahel, 2005) and industrial product-service systems ((Roy, 2000); (Tukker, 2004); (Tukker,
2015)). These processes are also known as servitization (Baines et al., 2009) if they are described
from the product-service provider's perspective. Finally, emerging digital platforms and other
technologies allow for sharing of underutilized assets in the collaborative or access economy
(Ranjbari et al., 2018). These two trends showed that closing materials loops through reuse, repair,
refurbishment, remanufacturing or recycling requires a redesign of products and services and a
redesign of business models through a circularity approach (Reike et al., 2018).

Then, the circular economy (CE) emerges as an umbrella concept comprising circularity,
servitization, and closed-loop supply chains. From this standpoint, CE allows organizations to
eliminate (or reduce) waste with virtually no leakages from the system by replacing traditional
business models where consumers own things, destroy value and reduce the environmental and

social impact (Geissdoerfer et al., 2018). Thus, CE is an integrative framework of various
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perspectives and disciplines developed in the last thirty years to create a production-distribution-
consumption model that is regenerative and restorative by design (Hidalgo-Carvajal et al., 2021).
One of the critical dimensions of circular economy is the design, which targets "shifting from the
traditional product-centric to a customer-centric mindset by providing the function or the service
that the product brings. This implies a change in the business model from owning the product to
using it, which is where economic value resides, enabling a different perspective for manufacturers
when designing their products and their supply chains” (Hidalgo-Carvajal et al., 2021).
Digitalization and other technologies are core components in this dematerialization process
(Kohtaméki et al., 2019). Finally, the design transition toward a circular, regenerative, and
restorative economy is extensively based on the servitized business models, as these are less
resource-intensive ((Han et al., 2020), (Hidalgo-Carvajal et al., 2021)).

Based on these definitions, the concept of circular supply chains comes out given the growing
challenges in supply chain management and circular economy, as well as the need to take the best
of both approaches. A circular supply chain might be defined as "the integration of circular
thinking into the management of the supply chain and its surrounding industrial and natural
ecosystems. It systematically restores technical materials and regenerates biological materials
toward a zero-waste vision through system-wide innovation in business models and supply chain
functions from product/service design to end-of-life and waste management, involving all
stakeholders in a product/service lifecycle, including parts/product manufacturers, service
providers, consumers, and users" (Farooque et al., 2019). A new definition is required from a
systemic perspective to include a holistic perspective of performance and a balance amongst social,
environmental, and economic aspects in the short and long term, as well as foreseen and unforeseen

side effects.
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The discussions around the topic are still progressing, as CE is a widely recognized topic. Different
connotations are assigned depending on the discipline, but all are true to their perspective
(Korhonen et al., 2018). Yet, a holistic CE approach across the supply chain has not been
addressed, and the evolution of CE has predominately focused on environmental and economic
dimensions. In contrast, the literature has neglected social aspects due to its complex and dynamic
behavior (Mies & Gold, 2021). The latest calls for a reflection on the roles that the social dimension
plays in the organizations and their supply chains, particularly considering that the nucleus of all
productive ecosystems relies on people (e.g., workers, professionals, consumers) and their
inclusion and well-being.

2.2. Social Impacts on Supply Chains

Every organization (e.g., governments, firms, and NGOs) has to work with different stakeholders
to deliver a final product or service. To make this possible and accurately manage multiple
interlinkages and dependencies of stakeholders across the supply chain, the concept of supply
chain management (SCM) was born (Svensson, 2007). Naturally, given the diversity of
stakeholders in value networks, some impacts can be expected. However, most of the research on
effects and issues has been focused on key performance indicators (KPIs) related to the
environment and the financial and economic performance, and less attention has been paid to the
social implications (Yawar & Seuring, 2018). Nevertheless, it is essential to highlight that KPIs
could be controversial due to their limited representation power or interpretation.

This section will detail the social impacts across the supply chain, as they have been mostly
overlooked due to their heterogeneity and geographical narrowness. These challenges represent

new challenges to businesses, which, if effectively managed, could result in a competitive
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advantage for both buyer and supplier firms or the supply chain as a whole ((Yawar & Seuring,
2017); (Yawar & Seuring, 2018)).

We first consider the definition of Social Impacts (SI) as "consequences of social relations
(interactions) weaved in the context of an activity (e.g., production, consumption, transportation
or disposal), engendered by it and/or by preventive/reinforcing actions taken by stakeholders (e.g.,
enforcing safety measures in a facility)” (UNEP/SETAC, 2013). Social impacts are highly
dependent on the culture and the situation; therefore, if they are measured, they have to be
interpreted in terms of their social context, stakeholders, and other externalities, and not merely on
the number given by a metric. As identified by UNEP/SETAC (2013), Rafiaani et al. (2018), and
Siebert et al. (2018), these impacts are frequently characterized within the following three
dimensions:

e Behaviors: Social impacts caused by a specific behavior like decision-making processes
or actions taken by individuals (e.g., forbidding employees to form unions, allowing illegal
child labor, seizing employees' identity papers).

e Socioeconomic processes: Social impacts are the downstream effect of socioeconomic
decisions at a community level. This dimension addresses the question, "What is chosen,
both at the macro and micro level?" (e.g., an investment decision in a sector to build
infrastructure in a community).

e Capitals (human, social and cultural): Social impacts that relate to the original context
without altering individuals or community's attributes (e.g., features possessed by an
individual, a group, a society, such as education level).

As documented by the literature, impacts can either be positive or negative. Additionally, these

three dimensions are not exclusive to a particular topic and can be assumed that they have



A systems perspective on social indicators for circular supply chains

transversal and dynamic relationships. As an example of this transversal relationship,
socioeconomic processes impact both areas. They affect behavior that may also be rooted in the
attributes possessed by an individual or a group (Petit, 2019). Therefore, SI is often perceived as
extraordinarily complex due to interactions and always carries different angles, such as politics,
economy, ethics, psychology, legal issues, and culture.

Also, social impacts (SI) have a truly intricated relationship with the production system and the
stakeholders involved, impacting other social and environmental metrics/dimensions. Due to the
topic's heterogeneity, subjectivity, and circumstances, it is impossible to assign specific attributes
or unilateral relationships to one particular impact (Wulf et al., 2018) without including
stakeholders in the equation and understanding the interconnections among various processes.
2.3 A Lifecycle Perspective on Measuring Social Impacts

A lifecycle assessment should be considered to measure the SI across the entire supply chain as it
is a well-established, disseminated, and systematic approach. It should be included in the method
to measure impacts throughout the life cycle of a good or service. The lifecycle sustainability
analysis (LCSA) is a method developed to understand and identify these impacts, detecting risks
and relating a series of effects to each product/service (Guinée, 2016). It is based on analyzing
environmental, economic, and social impacts.

This methodology makes it possible to obtain a complete picture of the (positive and negative)
impacts at all levels. Likewise, it is possible to observe the interaction among the three dimensions
of sustainability for the analysis (Purvis et al., 2019). These analyses allow companies to achieve
a high level of transparency and credibility and approach business objectives such as corporate
social responsibility, efficiency, and long-term financial sustainability. Kloepffer, (2008)

conceptualized the three analyses that create the LCSA as:
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LCSA = LCA + LCC + SLCA

Where:

LCSA: Life Cycle Sustainability Assessment

LCA: Life Cycle Assessment or E-LCA: Environmental Life Cycle Assessment

LCC: Life Cycle Costing

S-LCA: Social Life Cycle Assessment

The social life cycle assessment (S-LCA) is an "assessment technique that aims to evaluate the
social and economic aspects of products/services and their potential positive and negative impacts
along their life cycle, encompassing extraction and processing of raw materials, manufacturing,
distribution, use, re-use, maintenance, recycling, and final disposal” (UNEP, 2020). S-LCA
complements E-LCA with social and socioeconomic aspects. It can either be applied on its own
or in combination with E-LCA.

As mentioned by (UNEP/SETAC, 2013), social and socioeconomic aspects assessed in S-LCA
may directly affect stakeholders positively or negatively during the life cycle of a product. S-LCA
helps inform incremental improvements but does not provide a breakthrough solution for
sustainable consumption and living. Social analysis is currently the least developed within the
LCSA.

This method considers the impacts of all lifecycle stages from the cradle to the grave, looking at
the complete lifecycle of a product/service. Each stage can be associated with geographic locations
where one or more of these processes are carried out (e.g., extraction locations, processing plants,
roads, rails, harbors, shops, offices, recycling firms, disposal sites). At each of these geographic
locations, social and socioeconomic impacts may be observed in five main stakeholder categories:

e  Workers/employees,

10
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e Local community,

e Society (national, regional, and global),

e Consumers (covering end-consumers as well as the customers who are part of each step of

the supply chain), and

e Value chain actors/parties (UNEP, 2020)
A cluster of stakeholders that share the same interests is assigned to these categories, allowing for
articulating subcategories and their metrics. The proposed stakeholder categories are deemed to be
the main group categories potentially impacted by the life cycle of a product. Additional categories
of stakeholders (e.g., NGOs, public authorities) or further differentiation (e.g., management,
shareholders, suppliers, business partners) can be added later. More detailed and precise
subcategories of a specific stakeholder may be identified by improving the granularity of the
categories. Nevertheless, as mentioned by (Berry & Junkus, 2013), it is important for organizations
to accurately manage product categories and often provide lists of product categories being
excluded for ethical reasons. Particularly when discussing about circular economy models where
the processes, stakeholders, and interactions are more diverse and more complex to be measured.
This complexity calls for a systemic approach to adequately capturing and understanding the social
impacts across supply chains. The main idea behind social indicators is to analyze their progress
over time at different geographical, decision-making and time levels. The essential part implies
analyzing results based on contextual evidence (i.e., observations, facts, testimonials) to interpret

the results accordingly.

3. Systems Thinking and Leverage Points

11
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Circular supply chains (CSC), and their social aspects, can be regarded as dynamic, complex
systems with high levels of interconnectedness to encompass different aspects of their integrated
operation (Sterman, 2015; Rodrigues et al., 2016; Cosenz et al., 2020; Guzzo et al., 2021; Mies &
Gold, 2021). These systems of evolving nature comprise a wide array of intrinsic characteristics,
as they are constantly changing and past-dependent (Sterman, 2012). They display a tightly
coupled structure governed by strong relations among variables and circumstances, making up
intricate feedback loops (Kampmann, 2012). They are self-organizing, which means that the
system's design drives its behavior over time. They are also adaptive because they refer to the
capacity of a system to change, in a self-organizing way, to external perturbations to maintain
viability, achieve its goals, or attend to its survival. In some cases, adaptability can result in policy
resistance to maintaining the status quo. Finally, these systems display non-linear behavior,
wherein effects are not typically proportional to the cause (Sterman, 2000; Repenning & Sterman,
2001; Sterman, 2001).

Therefore, we take an approach based on systems thinking (ST), more broadly, and system
dynamics (SD), more specifically, to analyze and categorize the extant proposition of social
indicators for CSC. System dynamics was initially proposed as an application of control theory to
socio-technical complex systems, supported by computational modeling and simulation, and
targeted at analyzing complex and dynamic behavior ((Forrester, 1971),(Forrester, 1995),
(Sterman, 2001),(Lee et al., 2012), (Liao et al., 2015)). Moreover, SD provides the language to
describe the complex relations, structures, and behaviors driving CSC and their impact on
stakeholders and sustainability, specifically those social aspects of their operations.

To secure the sustainability of a transition towards a CSC, organizations must implement effective

interventions. These interventions involve a series of potential actions that seek to enhance the
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sustainability impact profile of a given system (i.e., supply chains) (Dorninger et al., 2020). We
may perceive the integration of social indicators into CSC to guide interventions to streamline a
new, emergent paradigm. As Meadows (1999) famously pointed out, interventions come in
different shapes and formats, with levels of effectiveness, which can be initially grouped into two
large sets: shallow interventions and deep interventions (Meadows, 1999).

On the one hand, shallow interventions typically reach a minimal capacity to unlock systemic,
enduring change. These interventions often emphasize efficiency gains and the optimization of
specific parameters within the system ((Abson et al., 2017),(Dorninger et al., 2020),(Leventon et
al., 2021)). On the other hand, deep interventions potentially lead to effective change, albeit they
are more challenging to implement. Deep interventions ultimately drive transitions like those
required under the CE paradigm. These interventions involve rearranging socio-technical
structures and institutions and their values, goals, beliefs, and paradigms across the supply chain.
Furthermore, it directly touches on the worldviews held by actors within the system. We may see
these more profound interventions as mechanisms for shaping and deploying other shallower
levels (Meadows, 1999),(Dorninger et al., 2020),(Leventon et al., 2021).

Within this context, Donella Meadows introduced the concept of leverage points, which are
"places" to intervene in a system where shifts (interventions) have great transformational power
(Meadows, 1999; Kieft et al., 2020). Leverage points look to identify interventions that are more
likely to produce desirable outcomes for sustainability transformations (Leventon et al., 2021).
The concept put forth by Meadows in the late 1990s has been recently extended and applied by
different scholars in fields dealing with sustainability and technological transitions ((de Gooyert
et al., 2016),(Dorninger et al., 2020),(Kieft et al., 2020),(Rosengren et al., 2020),(West et al.,

2020), (Davelaar, 2021), (Leventon et al., 2021),(Linnér & Wibeck, 2021)).

13
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To further classify Meadow's 12 leverage points into coherent groups to guide a better
understanding and manipulation of their contents and dimensions, Abson et al. (2017) suggested
four categories under which the leverage points could be assigned: parameters, feedback, design,
and intent. The leverage points in the parameters group are geared toward mechanistic aspects of
systems, such as the physical entities and the standards, constants, taxes, and overall system
features (Abson et al., 2017). The interactions among the various elements in a production and
consumption system, such as positive and negative feedback loops and specific outcomes, are
classified under the feedback group. The design group includes the information flows, the
fundamental rules of the system, and the system's capability to change, evolve or self-organize.
Finally, the intent group encompasses all leverage points related to an emergent direction to which
the system is oriented, materialized by the goals, mindset, beliefs, and worldviews underpinning
the system's intrinsic structure and functioning. Table 1 shows the 12 leverage points — proposed
by Meadows and classified according to the groups presented by Abson et al. (2017) — in increasing
order of effectiveness, from shallow to deep interventions ((Abson et al., 2017),(Dorninger et al.,
2020)). In this case, it is (essential to highlight that effectiveness means "producing desirable
behaviors and impact on Sustainability and social aspects" (White et al., 2019).

Table 1 — Leverage points in increasing order of effectiveness, according to Meadows (1999).

System Leverage Point in the Systems
Rank | Characteristics (""Place to Intervene') Generic Examples
(Abson et al., 2017) | (Meadows, 1999)
The subsidies, taxes, and social standards
Constants, parameters, and . . .
12 applied to the supply chain and the circular
numbers
economy models
Parameters Size of buffers and stabilizing The ?tOCk (accumulathn) of .
11 . . physical/human/financial capital and the rate of
stocks, relative to their flows :
investments
Structure of material stocks and The network of technologies and the
10 Sflows underlying social structures in the supply chain
Length of delays relative to the Social technology lifecycle, development
9 Feedbacks -
rate of system change delays, and time-to-market

14
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Strength of negative feedback
loops

Corrective actions to reduce manufacturing
carbon emissions, increase community well-
being and create long-term, financially
sustainable models

Gain of positive feedback loops

Reinvestment of profits generated by
products/services in the development of new
products/services (reinforcing loop) from a
sustainable accountability perspective

5 Design

Structure of information flows

The availability, traceability, and transparency
of information to key decision-making
processes in long-lasting social perspectives

Rules of the system

The set of incentives/punishments and
constraints/conditions operating in the systems,
be it physical or intangible

Ability to add, change, evolve or
self-organize the system structure

Rearrangement of assets, human/financial
capital, and set of technologies in a supply
chain and a circular economy model

Intent

Goals of the system

Goals for employee/consumer well-being,
community development, labor relations,
stakeholder benefits, social inclusion,
increased accessibility, etc.

Mindset or paradigm upon which
the system arises

Challenge the linear industrial logic or the
growth-seeking mindset to be more inclusive
and social-oriented

Power to transcend the paradigm

A profound reconsideration of extant
paradigms and the ability to lay out alternative
paths, such as social-driven CSC

4. Classification of Social Indicators for Circular Supply Chains

Social aspects within circular supply chains have been largely overlooked, despite the expansion

of research around the topic and the increasing academic discussion on circularity indicators in

supply chain management. Additionally, some indicators have not been appropriately positioned

or are not explicit enough on their intent (Padilla-Rivera et al., 2020), creating room for impractical

measurements and misinterpretation of their results to address social issues in real CSC.

Actually, the discussion on social indicators related to CSC is still under development (Padilla-

Rivera et al., 2020) as it considers the evolution of social indicators from other disciplines, such

as the principles of S-LCA (UNEP, 2020), social sustainability aspects (Hutchins et al., 2019),
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sustainable development (Dempsey et al., 2011), circular economy (Ellen MacArthur Foundation,
2015), and more recently, Sustainable Development Goals (United Nations, 2015). It is worth
mentioning that, although the Sustainable Development Goals (SDG) aim to cover a broad range
of topics and have defined and delimited targets, the specific definition of their indicators and the
proposed classification still need further refinement for application.

Padilla-Rivera et al. (2020) and the principles of S-LCA (UNEP/SETAC, 2013) proposed a
compilation of potential social indicators for this approach. They elaborated on a more profound
investigation and adaptation from a social angle. To cope with the latest and complement the
research performed around the topic, we propose a classification of social indicators through the
application of Meadow's classification framework to CSC by analyzing the indicators presented
by Padilla-Rivera et al. (2020) and UNEP/SETAC (2013), and allocating them with the
corresponding SDG (United Nations, 2015). These proposed indicators are consistent with some
of the targets of the SDG concerning #3 Good Health and Wellbeing, #5 Gender Equality and
Empowerment to Women, #6 Clean Water and Sanitation, #8 Decent Work and Economic Growth,
#11 Sustainable Cities and Communities, and #12 Responsible Consumption and Production
(United Nations, 2015), which opens possibilities for further contributions to the legitimate global
effort on the topic.

This shortlist of 6 out of 17 considers only the social-related metrics. However, the SDG proposes
many targets (i.e., 169) to be addressed. Our contribution comes from focusing on determining a
reduced number of targets or KPIs (62). This reduction is based on the previous investigations
performed by several authors. We highlight that the social aspects are contextual and hard to
transfer from one situation to another without tailoring them to the specific environment's needs

in which the social elements play out. Despite this limitation, the framework, the set of indicators,
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and the methodology should be extended to diverse contexts. The results may be based on various

socioeconomic, behavioral, and cultural aspects. Therefore, results need to be explained with a

testimonial, an example, or an interpretation based on the local context.

Table 2 connects the system characteristics put forth by Abson et al. (2017) based on Meadow's

leverage points, the indicators proposed by Padilla-Rivera et al. (2020) and UNEP/SETAC (2013),

the SDGs at the goal level, and the corresponding source (either one of the studies, two, or all of

them).

Table 2 — Relationship between extant social indicators for CSC and the system characteristics defined by
Abson et al. (2017) based on the leverage points for systems intervention.

System
Characteristics Indicator SGD Goals Source
(Abson et al., 2017)
_ Padilla-Rivera et al. (2020) and
Sanitation 3&6 United Nations (2015)
Investment 2.8.9.10, 11,15 & 17 Padilla-Rivera et al. (2020) and

United Nations (2015)

Assessment of impact on

Padilla-Rivera et al. (2020) and

society 9,11 &17 United Nations (2015)
. . Padilla-Rivera et al. (2020) and
Product and service labeling | 15 United Nations (2015)
Odors and non-core product 12 Padilla-Rivera et al. (2020) and
features United Nations (2015)
Parameters . S-LCA, Padilla-Rivera et al. (2020)
Child labor 8&16 and United Nations (2015)
S-LCA, Padilla-Rivera et al. (2020)
Forced labor 8&16 and United Nations (2015)
. S-LCA, Padilla-Rivera et al. (2020)
Equal opportunity 2,4,5,10& 16 and United Nations (2015)
e S-LCA, Padilla-Rivera et al. (2020)
Non-discrimination 5,10,16 & 17 and United Nations (2015)
Fair salary 8 S-LCA and United Nations (2015)
Working hours 8 S-LCA and United Nations (2015)
S-LCA, Padilla-Rivera et al. (2020)
Employment §&9 and United Nations (2015)
Inclusiveness 4,10,11,16 & 17 Padilla-Rivera et al. (2020) and
United Nations (2015)
Feedback

Quality and well-being

14

Padilla-Rivera et al. (2020) and
United Nations (2015)

Work-life balance

8

Padilla-Rivera et al. (2020) and
United Nations (2015)
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Padilla-Rivera et al. (2020) and

Design

Labor relations 16 United Nations (2015)
. . Padilla-Rivera et al. (2020) and
Human rights mechanisms 5&16 United Nations (2015)
Compliance supplier 17 Padilla-Rivera et al. (2020) and
P PP United Nations (2015)
. Padilla-Rivera et al. (2020) and
Compliance 8&16 United Nations (2015)
S-LCA, Padilla-Rivera et al. (2020)
Technology development 5,7,9,12& 17 and United Nations (2015)
Safe & healthy living 3,11&13 S-LCA and United Nations (2015)
conditions
Secure living conditions 1,3,11,13 & 16 S-LCA and United Nations (2015)
Promoting social 10 S-LCA and United Nations (2015)
responsibility
Feedback mechanism 17 S-LCA and United Nations (2015)
. . . S-LCA, Padilla-Rivera et al. (2020)
Anti-competitive behavior 17 and United Nations (2015)
. . . . Padilla-Rivera et al. (2020) and
Fair trading relationships 8,10, 14 & 17 United Nations (2015)
e . Padilla-Rivera et al. (2020) and
Fair distribution of income 14 & 17 United Nations (2015)
.. . Padilla-Rivera et al. (2020) and
Training and education 4,8,9,12,13 & 14 United Nations (2015)

Padilla-Rivera et al. (2020) and

Effectiveness and comfort 10 United Nations (2015)
Security practi g S-LCA, Padilla-Rivera et al. (2020)
ceurity practices and United Nations (2015)
Social inclusion 1 Padilla-Rivera et al. (2020) and
United Nations (2015)
. Padilla-Rivera et al. (2020) and
Social networks 1 United Nations (2015)
Marketing communications 1&17 Padilla-Rivera et al. (2020) and

United Nations (2015)

Governance

5,10,11, 13,15 & 17

Padilla-Rivera et al. (2020) and
United Nations (2015)

Freedom of association and
collective bargaining

8

S-LCA, Padilla-Rivera et al. (2020)
and United Nations (2015)

S-LCA, Padilla-Rivera et al. (2020)

Health and safety 3,5,11,13,14 & 16 and United Nations (2015)

Access to material resources | 2,5,12,14 & 15 S-LCA and United Nations (2015)

Community engagement 11 S-LCA and United Nations (2015)

Consumer health and safety | 12 SI_IE%?I,I tle):idli\}iii_cl){rj:z%%? 1. (2020)

Consumer privacy 16 S-LCA,' Padilla'—Rivera et al. (2020)
and United Nations (2015)

Fair competition 2,12, 14 & 17 S-LCA and United Nations (2015)

Supplier relationships 17 S-LCA and United Nations (2015)

Local employment 14 S-LCA and United Nations (2015)
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Social benefits / Social

. 5 S-LCA and United Nations (2015)
security
End of life responsibility 11,12 & 14 S-LCA and United Nations (2015)
Public commitments to 6,8, 12,15 & 17 S-LCA and United Nations (2015)
sustainability issues
Respect for intellectual 3 S-LCA and United Nations (2015)
property rights
Sense of community and 11 Padilla-Rivera et al. (2020) and
belonging United Nations (2015)
Padilla-Rivera et al. (2020) and
Poverty 110,15 & 17 United Nations (2015)
Sharing economy (but not in 15 Padilla-Rivera et al. (2020) and
my backyard, NIMBY) United Nations (2015)
. Padilla-Rivera et al. (2020) and
Land rights 3 11 & 15 United Nations (2015)
Participation and local 10 & 16 Padilla-Rivera et al. (2020) and
democracy United Nations (2015)
. . Padilla-Rivera et al. (2020) and
Tourism and recreation 8& 12 United Nations (2015)
. Padilla-Rivera et al. (2020) and
Food security 2&12 United Nations (2015)
Intent Cultural heritage 11 S-LCA and United Nations (2015)
. S-LCA, Padilla-Rivera et al. (2020)
Corruption 14,15 & 16 and United Nations (2015)
Contribution to economic |} ¢ ¢ ¢ |7 S-LCA and United Nations (2015)
development
ﬁglsﬁ:“ for indigenous 2&4 S-LCA and United Nations (2015)
Prevention & mitigation of |, ¢ S-LCA and United Nations (2015)
armed conflicts
Access to immaterial 4&7 S-LCA and United Nations (2015)
resources
Delocalization and migration | 10 & 17 S-LCA and United Nations (2015)
Transparency 13& 16 S-LCA and United Nations (2015)

The proposed classification scheme highlights the gaps and opportunities for measuring social

aspects across CSC. Out of the 62 indicators proposed by Padilla-Rivera et al. (2020),

UNEP/SETAC (2013), and/or United Nations (2015), 11 indicators link to parameters, 13

indicators refer to feedback, 23 indicators belong to the design category and, finally, the remaining

15 indicators are classified as intent. Therefore, 38 indicators target deep interventions (design and

intent), while 24 focus on shallower interventions (parameters and feedback). It can also be seen

that SDG goals, due to their innate interconnected design, cannot be directly linked to only one
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part of the System Characteristic proposed by the authors, rather these influence several parts of it
through their targets and indicators. These indicators may differ depending on the analysis.
Therefore, we encourage readers to deep dive the understanding of the numerical value or scale
out of each indicator based on the situation, geography, industry and context under study; given
that similar geographies may face entirely different results based on the socioeconomic features,
culture and behaviors (e.g., level of maturity).

This result reflects the intrinsic nature of social indicators and complex social systems for CSC.
To achieve long-term sustainable circularity, supply chains must incorporate deep interventions
that tackle critical social issues, such as poverty, access to immaterial resources, transparency or
prevention, and mitigation of conflicts. These are all but shallow, easy-to-implement indicators.
However, these deep interventions must be continuously built upon shallower interventions, which
might demonstrate quick wins and easy to implement strategies, such as product labeling, non-
discrimination, equal opportunity policies, fair salaries, and fair working hours. As Wieland
(2021) points out, supply chains have traditionally adopted a reductionist, static view that favors a
global pursuit for cheap labor and higher resources/asset utilization. Therefore, supply chains are
commonly managed without much regard for their broader environmental and social contexts.
Consequently, it is easy to overlook that supply chains have become both vulnerable and harmful
(Wieland, 2021).

This classification scheme sheds light on the importance of thinking in terms of transformative
supply chains at all levels of interventions, from shallow, parameter-oriented to deeper, intent-
driven ones. This scheme contributes to operationalizing these interventions through a set of
meaningful indicators for the context in a modular way, i.e., based on the context, specific KPIs

will be used and interpreted considering cultural, socioeconomic, and behavioral aspects. Also, the
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ranking helps understand how deep supply chains are embedding the social dimensions into their
decision-making and daily practices and how these dimensions are mediating or moderating the
relationship between the supply chains, among their stakeholders, and their contextual
environment. However, it is essential to highlight that these indicators must be tailored to the
characteristics of the specific supply chains, and many of them must be managed across the
traditional functional divide in organizations, touching upon many areas. Therefore, the systemic
aspect of management must be highlighted when dealing with social issues across supply chains

for CSC.

5. Illustrative Examples and Managerial Insights

Academicians and practitioners might use this classification scheme to analyze challenging
socioeconomic issues across supply chains. To illustrate how the integration of the leverage points
with the reviewed indicators from the previous section may be used, we present an example. This
case looks to ensure accessibility to fresh produce, water, and healthcare services to underserved
communities from the perspective of social circular economy models in Table 3, using the
information in the research presented by Taylor & Barreto (2020).

Table 3 — Example of the accessibility of goods and services to underserved communities, according to
(Meadows, 1999) and using information from (Taylor & Barreto, 2020)

Leverage Point in the SGD
System " .
. e Systems (''Place to Indicators
Characteristics "
Rank Intervene") Examples (examples)
(Abson et al., (United
2017) (Meadows, 1999) Nations, 2015)
Targeted subsidies for low-income consumers to
Constants, parameters, | increase affordability, reduced taxes for meeting | 1.a.1; 3.b.3;
12 Parameters . .
and numbers points that can allow for recovering goods, or 17.1.2
facilitating the offer of healthcare services.
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Increased investments in emerging
infrastructure to increase accessibility and
availability of goods and services (i.e.,

information to make decisions and take actions
to be more proactive, flexible, and adaptable.

Size Of @uﬁ’ ers and ridesharing systems, affordable grocery delivery 2.52,9.a.1;
11 stabilizing stocks, . . 11.5.2;
relative to their flows models or mobile s'tatlons, local-based supply 17.17.1
: chains based on neighborhood markets and
meeting points) to grow visibility over physical
information cash flows.
Create a well-grounded network of stakeholders
and, if the technological maturity allows it,
among information systems. The objective is to 392:-4.41:
share information and align goals to put them 6. 2' lf 6. 5' lf
10 Structure of material together with the help of an orchestrator in food, 6. 5'2f 6. 6.1f
stocks and flows water, or healthcare ecosystems. This requires a 7'1'2f 9.0.1"
granular understanding of interactions of local 1'7 1 6’ 1' o
actors to facilitate collaboration and articulation o
to perform logistics, reutilization, redistribution,
and recovery activities in a structured way.
Analyzing the level of competencies and skill jé}’ 3;%’
set of shopkeepers, authorities, healthcare 4'3'1f 4'3'2f
providers, logisticians, and others at a local 4'7'1f 4.c'1"
Length of delays level anq creating t'ralmng programs to develop 9.52: 12.8.1;
. those skills and attitudes.
9 relative to the rate of 13.3.1
system change Map the level of maturity of infrastructure and
technology development in the underserved 441:9¢1:
community to create tailor-made investment 1'7 3 ’1 17 5’ |-
programs to increase supply chain and circular T
economy capabilities.
Determination of key performance indicators
with a social focus like reducing inaccessibility
to goods and services, increasing demand 1.4.1; 1.b.1;
Feedbacks . satisfaction and affordability for people to get 5.6.2;7.1.1;
Strength of negative . . . . . ) )
8 feedback loops essentla.I g(.)ods/s'ervwes, rising fa1rpess/equ1ty 11.2.1; 14.b.1;
and social inclusion for all population segments, | 16.3.3;
and design logistics, commercial and social 16.10.2;
strategies to correct issues from the systems
under consideration.
Expanding good practices to recover goods and
reinsert them into supply chains as processed
goods or recycled drinkable water. Also,
. .. monitoring the effects of inserting new 3.b.3;4.7.1;
Gain of positive . ) . ’ ’
7 feedback loops serv1ces{good§ into undfarse.r\./ed communities 6.1.1;6.2.1;
P concerning pricing, availability, and 6.3.1;11.5.2
cannibalization of others to look for increasing
accessibility, availability, and affordability
globally.
Visibility, availability, traceability, and
information transparency across producers, 212:251
suppliers, processors, retailers, or service-givers 4' 4'1f 1'2 3 ’1
. Structure of may be crucial. Especially to map coverage, s
6 Design . . . . s . . 12.4.1; 13.a.1;
information flows monitor perishability of goods (i.e., vaccines, 16.4.2- 16.6.1-
food), ensure quality, and gain real-time 1 6.1.0 ’2 B

22




A systems perspective on social indicators for circular supply chains

Realize and embrace constraints and conditions

related to infrastructure development, 4.1.1;4.1.2;
technology adoption/diffusion, financial service | 4.2.1;4.2.2;
penetration, training level, customer needs, and | 4.3.1; 4.3.2;
articulation among diverse stakeholders, 5.b.1;9.a.1;
explicitly understanding the limitations that 9.c.1; 12.a.1;
5 Rules of the system behaviors and interactions may bring to 11.52;17.7.1
interventions.
Plan, design and deploy a plan of (dis-)
incentives to create effective strategies to run )
. . . 15.b.1; 17.3.1
intervention schemes in underserved
communities.
Divert physical flows of water, food, and 3.b.1;3.b.3;
medical supplies through circular economy 6.1.1;6.2.1;
systems through high-performance supply 6.3.1;6.3.2;
chains. 6.4.1;6.4.2;
Ability to add, change, .. . .
. Design innovative food, water, and medical
4 evolve or self-organize . X . .
the system structure supply access models through social fabric, 1.b.1;5.c.1;
commercial supply chains, and the coordination | 7.1.2; 8.4.1;
and usage of deployed technologies and assets 8.4.2;9.c.1;
by public authorities, the private sector, and 11.4.1; 12.b.1
other NGOs to recover goods or use them.
Goals for vulnerable consumer's coverage, the 1.3.1; 1.a.2;
disparity in the accessibility (to fresh food, 3.8.1;3.b.3;
3 Goals of the system water, medical supplies, and healthcare 6.1.1;9.1.1;
services), social inclusion, demand satisfaction, | 10.2.1; 11.1.1;
and affordability. 11.b.2;
Create recovery models to rescue food from
. 2.2.2;2.3.1;
farmers, retailers, and wholesalers before
. . 6.3.1; 6.a.1;
disposal (same applies for water to find ways to 11.6.1: 12.3.1:
recycle, redistribute or reuse it) at a community 12.4.1: 12.42:
level.
For increasing accessibility to goods, emerging
Mindset or paradigm distribution channels may appear to boost the
. o . 2.c.1;3.8.1;
2 Intent upon which the system | availability of essential products at the 382451
arises community level. There are new ways to serve 6.2.1f 9'3’1f
communities via medical campaigns through 1;1 2 ’1 1 4 ‘i |-
religious groups in distant areas and other 1 4.b.lf 1 5'1' 2f
models for medical attention. Challenge the 1 5' 6.1? T
linear industrial logic or the growth-seeking P
. . . . 16.10.2
mindset to be more inclusive and social-
oriented.
Create social-oriented supply chains and 1.3.1; 1.4.2;
circular economy models that support the 1.5.2; 1.5.4;
Power to transcend the .
1 aradiom development of vulnerable population segments | 2.1.1; 2.1.2;
p 8 and help close the micro-economic and social 45.1;6.2.1;
gap 11.2.1;11.5.2

As shown in Table 3, when matching the SDG indicators to the corresponding example, it is

evident that many indicators need to be allocated to portray them more precisely within the SCM

framework. The latter is due to the specificity of SDG indicators. For example, in the case of
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"Targeted subsidies for low-income consumers to increase affordability, reduced taxes for meeting
points that can allow for recovering goods or facilitating the offer of healthcare services," currently
allocated on rank /2 (i.e., Parameter characteristics); the SDGs indicators include:

e "la.l Total official development assistance grants from all donors that focus on poverty

reduction as a share of the recipient country's gross national income,"
e "3.b.3 Proportion of health facilities that have a core set of relevant essential medicines
available and affordable on a sustainable basis," and

e "]7.1.2 Proportion of domestic budget funded by domestic taxes."
This example shows that current SDG indicators are too specific, present significant limitations,
and cannot be directly used as indicators within the SCM scope. We emphasize that the
interpretation of these three indicators will make the difference in how to drive them into practice.
The proposed focus of this chapter shows that there are essential (theoretical and practical) gaps
to be addressed in the interface among circular economy models, supply chain management, and
social impacts. However, organizations show the most significant opportunity in finding ways to
deploy long-term operating models that base their competitive advantage on social perspectives.
A social-based competitive advantage is a masterpiece many organizations aim to have. Still, just
a few are committed to engaging in this journey that will be rewarded by long-lasting customer
loyalty and brand recognition. It is worth highlighting that this approach goes beyond corporate
social responsibility and implies an agreement to support society and other community
stakeholders. Thus, it will improve the local economy, boost employment generation, create
effective operations (including CE-enabled ones), zero-waste ecosystems, and collaborative

schemes for all progress.
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There is also an excellent opportunity to work collaboratively across industries to recover more
goods or better use intermediate products to reduce the growing need for more manufacturing
and/or consumption resources. Most supply chains are now working as silos, as departments from
companies used to work (and a significant majority still are) 20 to 30 years ago. A holistic approach
connects them strategically to plan new synergies, which may generate new products and value-
added services from residues, and waste to use circular economy concepts and migrate society into
service-based, circular economy models. We expect these models to endure a long time and
support crucial social metrics for humankind's future, such as social inclusion, equal accessibility
to water, food, healthcare services, and opportunities to get proper work, even if individuals live
in challenging circumstances. Here, the role and articulation of the private sector, NGOs, public
sector, and academia will make a huge difference by pushing coordinated efforts to improve

society and productive as well as (macro- and micro-) economic systems as a whole.

6. Concluding remarks

Despite there is much literature about practical and theoretical approaches to address social
attributes in circular economy and supply chain management, we are the first to articulate circular
economy concepts and supply chain management with social lenses, in what we can summarize as
social-driven circular supply chains. This book chapter introduces core concepts about supply
chains, circularity principles, and their evolution to incorporate social factors. We present social
indicators from the traditional perspective of lifecycle assessment and the emerging approach of
the circular economy. Previous literature was focused on documenting various key performance
indicators. However, to provide strategic analysis, we position a systemic-thinking approach

around circular supply chains through the framework of leverage points (Meadows, 1999) to deep

25



A systems perspective on social indicators for circular supply chains

dive into the understanding of CSC and their interconnectedness by analyzing the social impact
coming from parameters, feedback, design, and intent.

We propose a model of indicators for operationalizing social circular supply chains to explore the
circumstances and context around the supply chains. We discuss social attributes that may be
considered in different situations and help diagnose and assess the status of social circular supply
chains. We present a practical, illustrative example of accessibility to goods and services in
underserved communities to show the applicability of our approach.

Finally, we would like to highlight that the specificity of the SDG indicators presents limitations
as their formal definition is out of SCM scope, even though the SDGs at goal and target levels
could be matched within the scope. The indicators will need to be analyzed meticulously and
interpreted based on the culture, geography, context, and current situation. Moreover, there seems
to be a more direct connection to SCM for a couple of SDGs goals, depending on the different
levels, such as decision-making and maturity levels. However, these are only partially or indirectly
influenced by alliances and partnerships for most of them. By any means, we consider that the
indicators can provide a unique interpretation of the reality; instead, we think that they can help
provide a deeper understanding of the situations and build good practices and archetypes, and
develop programs to overcome challenging social issues. Therefore, there is a growing need to
further the research around SDG indicators, adapting them to SC scope, creating "new" sets of

indicators suitable for SC operations and their social impact in line with the SDGs.
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