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Abstract: Sustainable development is a major concern for developing and developed economies
as economic growth has to led to scarcer and more expensive resources. Although countries have
established public policies focusing on resource and energy efficiency, there is an increasing need for
a coordinated industrial strategy able to create sustainable wealth through a holistic management of
natural resources, capable of “decoupling” economic growth from resource extraction and natural
deterioration. Consequently, the objective of the present research is to develop a decoupling model
able to create increasing economic returns, reducing the social gap and regenerating the natural capital
for regions in developing countries. Departing from a literature review on peer reviewed articles
on successful industrial cases of decoupling around the world, we contrasted the linear production
model with the United Nations Environment Program (UNEP)’s current four decoupling indicators
in order to propose a more robust model. The result was an eight-factor decoupling model that used a
well-supported framework for sustainable wealth creation named “circular value ecosystem” (CVES).
By using system dynamics, we deployed the proposed framework using system dynamics modeling
in order to improve the understanding of our proposal. We found that this model, with the proper
regional conditions in developing countries, can: (1) reduce, through substitution, the consumption
of natural resources; (2) produce alternative economic increasing returns; (3) reduce the negative
environmental impacts; and (4) create self-sustainable wealth for the economy, the environment,
and the social development of most stakeholders of these regions. Decoupling economic growth
represents a complex and challenging task whose successful implementation can only be achieved if
managed at a regional level with a systemic approach.

Keywords: economic decoupling; circular economy; circular value systems; sustainable wealth
creation; system dynamics modeling; developing countries

1. Introduction

Although steady economic growth is one of the main objectives featured in the industrial policies
of most developed countries, most of their economic activities are associated with the extraction and
industrialization of natural resources. Such resources are becoming scarcer and more expensive to
extract, leading to a decrease in resource efficiency and extensive environmental damage, particularly
in developing countries [1].

Several studies concerned with sustainable development (e.g., [2,3]) have pointed out that regional
policies and coordinated industrial strategies are required to develop a holistic management of natural
resources, capable of “decoupling” economic growth from: (a) an excessive natural resource exploitation,
(b) the extensive volumes of waste and residues produced by industrialization, (c) the negative
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environmental impacts, and, as a consequence, (d) a widening of the socioeconomic gap—circumstances
that developing countries have suffered for decades, in contrast with industrialized ones.

Decoupling economic growth from resource extraction has encouraged research interest among
scholars and authorities around the world since, among other things, the call from the United Nations
Environment Program (UNEP)’s International Resource Panel to decouple human well-being from
resource consumption [4]. Decoupling, itself, has become a nascent research field with its own
decoupling theory [5] and numerous and increasing research papers on the subject (e.g., [6]). Ranging
from analysis of decoupling at a micro level of analysis (e.g., [7,8]), to more regional macro level
assessments (e.g., [9,10]), these studies acknowledge that decoupling is a complex systems challenge
worth studying if true sustainability is to be attained in the face of a growing demand for resources
by an increasing population [11]; the latter being one of the main reasons why effective decoupling
mechanisms are needed.

However, after the recent industrial revolution produced by digital technologies, the emergence of
a new era based on environmental technologies suggests that natural resource productivity (RP) is the
core characteristic that must be optimized when implementing new sustainable strategies. In parallel
development, resource efficiency (RE) is becoming a relevant factor for the formulation of sustainable
policies of countries as well as the current planned expansion of resilient cities [12]. However, to increase
RE requires enormous amounts of economic capital and restrictive public policies [3,13].

Figure 1 depicts the relationships between economic growth results of conventional
industrialization, human well-being, resource use, and environmental impact. Environmental impacts
and resource use may be controlled by an economic degrowth. However, this method is not a viable
option for less-developed countries, where social and environmental issues are not a priority for their
decision makers.
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the original graph by the UNEP [4].

Despite that the world is already full of waste and residues, the demand for raw materials is
increasing globally [14,15]. Approximately 80% of consumer goods and materials are thrown away;
more than 30% of processed foods go to waste once they enter the food supply chain. In Europe alone,
the average occupancy of cars is less than 10%, and from 10% to 15% of materials go to waste during
construction. Additionally, over the next twenty years, the demand for raw materials will grow more
than: 200% for farmland; 137% for water; 57% for steel; and we will need more than 32% of the current
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level of energy produced. On the other hand, there is an increasing demand for a new plastic economy
capable of recycling at least 70% of the plastic produced, from its current low of 14% [16].

These data lead us to consider the decoupling of resources used to produce economic growth from
environmental deterioration, as an essential activity. It is an issue that has reached the top economic
development agencies [17], environmental protection organizations [4], government institutions [18]
and several academic researchers (e.g., [3,19,20]).

The high demand for resources highlights that the focus on resource efficiency is only able to
bring solutions to specific cases and within a short term, such as transportation logistics through fuel
reduction; but in the long run, this solution would lead us to the deceleration of the economy [21,22].
Extant literature does not identify a proven model that provides a systemic approach capable to solve
this decoupling issue effectively [23]. For sustainable development, in the long term, a model is needed
in order to be adapted to several situations and regions—as the highly extractive economies—to work
not only on optimizing efficiency factors or applying appropriate technologies for decoupling, but also
seeking innovative mechanisms to create sustainable wealth based on alternative ways of producing
new sources of economic value added [24].

Consequently, the following research questions arise, “Which innovative mechanisms can help
the decoupling process beyond REs?” and “How will this mechanism be capable of decoupling
economic growth for resource consumption?” We seek to answer these research questions by proposing
a decoupling framework based on a systemic view of growth, and on a circular economy approach
through the creation of a circular value ecosystem (CVES). Based on this framework, we contend that
it is possible to create a viable circular value ecosystem capable of decoupling economic growth from
natural resource extraction, through the transformation of residues, waste, and obsolete products into
valuable assets, while simultaneously creating increasing economic returns, reducing the social gap
and regenerating the natural capital for regions in developing countries.

The approach used in this paper focuses on the application of circular economy (CE)
strategies [25,26], with a systemic view of growth, and on the application of proper policies, i.e.,
innovation strategies to circularize towns and communities [27], adapted from successful cases, with
lessons learned from countries that have been capable of decreasing the demand for natural resources
and, at the same time, have created opportunities for sustainable growth by implementing non-usual
business models.

Based on the sustainable wealth-creation approach by the innovation and enabling technologies
(SWIT) framework [24], the present research proposes a model to assemble a “circular value ecosystem”,
which provides a cluster of industrial ecology synergies that have, simultaneously, a direct impact on
the economic activity, the environmental regeneration, and on the social development of a region.

The SWIT framework has been applied in multiple industries and community cases. It is the
result of several years of research and testing, and here, it has been adapted to develop a new systemic
and effective approach for decoupling, focused on sustainable wealth creation.

2. Literature Review

Literature on decoupling is vast; however, the engagement of this phenomenon with a CE
approach is less frequent. In contrast with authors [28], who found eleven articles, we discerned a
limited increase of the research publications in this area after undertaking a content review of 32 articles
addressing decoupling and a CE approach.

From these articles, we obtained a better understanding of the engagement of CE with the process
of decoupling. Nine case studies, 11 quantitative research articles and 12 theory-building articles were
found. In combination with public information, such as environmental reports, development reports,
and other industrial cases, a summary is provided in the following subsections addressing the following:
(1) the classification and measures of decoupling; (2) relevant research about decoupling; (3) the limits
and obstacles of decoupling and (4) how CE has been engaged in the discussion of decoupling.
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2.1. Classification and Measures of Decoupling

Academic literature classifies decoupling as either relative or absolute. When the rate of resource
use, or the environmental impact is less than the economic growth rate and positive, it is considered to
be relative decoupling. Alternatively, when the relationship is zero or negative, it is called absolute
decoupling [29,30].

As shown in Figure 1, researchers account for economic growth with a unique index, the GDP;
whereas the main procedure to account for material resources used in the economic activities is material
flow analysis [19,20]. Furthermore, other indicators often used in empirical research encompass
domestic extraction, domestic material input, domestic material consumption, total material input [28],
and total material requirement [19] (see Figure 1 for definitions). To account for environmental impacts,
researchers have used the life cycle assessment methodology [31] with indicators such as SOx, COx,
NOx and greenhouse gases for air pollution (e.g., [29,32]); the water exploitation index, artificial
land area and ground pollution [28] among others. Finally, the well-being variable in the equation,
despite being a complex concept, has been addressed through indicators such as the poverty rate,
the employment rate, the human development index and the social progress index [33].

Portraying the relationship of the concepts mentioned above, Figure 1 shows explicitly the problem
of decoupling which can be summarized as: how to produce a sustainable economic growth while
diminishing the use of resources and simultaneously creating positive environmental impacts on
the region.

2.2. Relevant Decoupling Cases

Empirical literature about decoupling and city official reports have found that absolute and
relative decoupling has occurred in countries like China [30], Finland [5], Germany [34], Denmark,
Japan, and the United Kingdom [21,28]. It can be observed that in some countries, active participation
of the government was essential to achieve decoupling: e.g., in China [30,35]. Additionally, decoupling
initiatives also come from the private sector or NGOs. Examples of such have occurred in Germany [34],
Denmark [28], and the U.K. [36].

However, emerging countries in Latin America, possess a particular political context that might
represent a barrier for decoupling [37,38]. Countries at a lower stage of development and with a
weaker rule of law tend to have higher dependency on extraction policies augmenting the degradation
of natural resources while impacting the RE and the RP of such regions [29]. Furthermore, it appears
that there is some indifference and/or inability of these governments to provide sustainable solutions
for decoupling [39,40]. At the entrepreneurial context, most SMEs of these countries, are operating
at “surviving” levels, which force them to avoid large investments besides optimizing their own
operations, avoiding any plans for improving their resource efficiency or sustainability initiatives [24].

Following this idea, several authors [32] argued that differences of energy intensity among
countries might be associated with the absence of specific policies and lax enforcement mechanisms.
The SWIT framework [24] has developed procedures for effective decoupling by inserting CE and a
systemic approach to create a circular value ecosystem for a specific region in Mexico [39], that can be
extrapolated to other developing countries by creating the proper conditions needed to support the
circular systems on these regions.

The countries that have achieved absolute or relative decoupling may have different political
context and different stakeholders collaborating for the sustainable development of the region. However,
there are some initiatives in common which stand out. Tables 1 and 2 summarize these initiatives and
the countries where they have been successfully applied. Table 1 focuses on developed countries while
Table 2 focuses on developing countries.
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Table 1. Decoupling initiatives for decoupling in developed countries.

Initiative Lead by: Country References

Financing Programs. Denmark, Germany, Japan, United Kingdom. [34,41,42]
Rise in citizens’ awareness. Denmark, Finland, Germany, Japan, United Kingdom. [34,43–45]

Policies (taxes, veto regulations). Denmark, Finland, Germany, United Kingdom. [5,34,36,46–48]
New Technologies

(digital, biotechnology, renewable energy). Denmark, Finland, Germany, Japan. [4,34,49–53]

Sustainable urban design and development. Germany. [34,54]

Table 2. Decoupling initiatives for decoupling in developing countries.

Initiative Lead by: Country References

Financing Programs. India. [34]
Rise in citizens’ awareness. India. [55]

Policies (taxes, veto regulations). China, India. [4,34,35]
New Technologies (digital, biotechnology, renewable energy). China, India, South Africa. [4,34,49,50,56]

Social programs. China, South Africa. [34,57]
Sustainable urban design and development. South Africa. [34]

Governments, mostly from European countries, have promoted financing programs for sustainable
initiatives. These programs have fostered the R&D investment from the private sector in green
technologies [34,42]. For instance, Japan has reduced interest rates for official development assistance
loans used in certain environmental projects such as energy-saving technologies, new and renewable
energy sources, forest conservation and afforestation, and measures against air pollution [51,52].

Moreover, public awareness has been recognized as an essential part of achieving sustainable
development. This has been done through campaigns that manage climate protection and emissions
control for school programs (e.g., [34,45]). Evidence of this increasing awareness is found in the
literature focused on consumers (e.g., [44]).

Other initiatives for decoupling are seen in the implementation of new policies that increase or
create new taxes or prohibit emissions. For instance, China has the objective to achieve “zero growth”
in fertilizers and pesticides [35]. Denmark, Finland and the United Kingdom have high taxes, which
inhibit the purchase of cars and the consumption of fuels; meanwhile, the logistics of freight transport
is improved through optimization of delivery routes [5,36,46].

Furthermore, we should highlight the fact that many countries that have reached relative or
absolute decoupling have also established programs for the development of new technologies [53,56]
such as digital technologies, biotechnology, nanotechnologies and renewable energies [34]. Technologies
are expected to play a crucial role in the shift to a resource-efficient economy through reductions in
extraction of non-renewable materials and the diminution of fossil fuel use [49,50].

Finally, other initiatives that have been adopted are social programs and the development of
sustainable infrastructure. The former reaches people in precarious conditions [34,57] and provides
them with basic needs, such as potable water, ensuring rural power coverage and health centers [34,57].
The latter strategies that apply in rural and urban areas have the objective of designing energy efficient
buildings able to be disassembled [34,54]. In this way, the use of raw materials in the construction
sector could be extended.

Comparing both tables, it is observable that high impact scientific research focused on decoupling
in developing countries is scarce (e.g., [32,58]). Additionally, research performed on decoupling on a
global scale has not yet compared their results by region [20]. For example, some studies have found a
weak decoupling between energy consumption and GDP in Bogota, Colombia [58]. However, economic
development is still dependent on a high degree to the energy consumption, with some exceptions,
such as the interesting period between 2004 and 2009 for Brazil when relative decoupling of GDP
and CO2 emissions from energy consumption took place [32]. They concluded that this decoupling
was due to a carbon intensity reduction and energy matrix diversification (substitution of fossil fuel
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by other types of energy). Nevertheless, the authors recognized that the negative impact of energy
intensity might be associated with the lack of specific policies and lax enforcement mechanisms in
addressing the efficient use of energy.

2.3. Limits and Obstacles of Decoupling

Despite the evidence of decoupling cases, some authors argue that decoupling is not a viable option,
instead suggesting that economic growth should remain steady or decrease to achieve sustainable
development [59,60].

Evidence of relative decoupling is not difficult to find [21]; however, absolute decoupling seems
to be unachievable. This does not mean that decoupling is unnecessary, but rather that it does not
provide an alternative to the economic growth dilemma. Resource decoupling has been criticized
as a pathway to sustainability given the lack of absolute decoupling, the rebound effect, increased
obsolescence, shortened product life spans, consumer confusion concerning eco-efficiency labels, and
recycling options, among other problems [59].

It is known that a growing economy becomes more resource efficient, and this efficiency
allows decoupling emissions from growth. However, this efficiency gain does not hold true for
all environmental indicators like air pollutants, such as sulfur dioxide, which showed an inverted
U-shaped curve against economic growth [21]. Additionally, these relationships do not hold for key
indicators such as carbon emissions, resource extraction, municipal waste generation and biodiversity
loss [21].

Testing how much the GDP could be decoupled from material and energy use, Ward, et al.
(2016) [60] found that growth in GDP ultimately cannot be decoupled from growth in material and
energy use. Their study showed that the generation of GDP may not be decoupled from resource use.
Furthermore, it also noted that GDP is increasingly seen as a poor proxy for societal well-being.

2.4. Circular Economy as a Vehicle to Achieve Decoupling

Both in Europe and China, the CE approach has been considered as an intermediate objective
toward the achievement of an effective decoupling of economic growth from the consumption of finite
resources [3,28]. Following CE principles, it is estimated that with better design and more efficient
use of materials, European manufacturers could save US$630 billion a year by 2025 [61]. CE brings a
spectrum of loops in the manufacturing chain that business as usual does not seize (e.g., refurbishment,
repairing, reconditioning, upgrading, etc.) [2].

These processes save resources and energy, while reducing environmental impacts [3]. Additionally,
remanufacturing comprises additional steps of dismantling, cleaning-up, and quality control, which
are absent in manufacturing and yet demanded for more jobs.

In the same vein, it is recognized that these three pillars have lost resilience toward the economic
activity of business as usual [2]. They suggested that the industrial practices should improve RE and
move toward a CE to become sustainable. Circular economy practices increase the productivity gains,
create employment and preserve the natural capital [2,3].

Based on a deep analysis of cases and concepts of the literature regarding decoupling using CE,
we argue that sustainable strategies including the CE framework fall short on addressing the three
pillars of sustainability in a holistic manner. The SWIT framework, with the proposed circular value
ecosystem (CVES), designed for the creation of sustainable wealth from a systemic approach [24],
satisfies the design requirements that we have found are fundamental for a decoupling associated to a
sustainable wealth creation of the triple bottom line approach.

3. Research Method

First, a literature review was conducted to analyze the current state of the art of circular
economy engaging with the decoupling of economic growth from environmental impact and social
development. The selection of the published articles was performed according to the following criteria:
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(1) chronological order (from 2004–2018) and (2) keywords: “decoupling economic growth” and
“circular economy”. The literature search was performed in ScienceDirect and Scopus databases.
After the duplicates among databases were discarded, the abstracts of each article were reviewed
to exclude articles that do not match the topics of interest, remaining just 32 articles. In order to
simplify the analysis, the articles were classified into three groups: quantitative (11), case studies (9)
and theory-building research (12).

Second, following the results of other studies [28] and our own literature review, a search for
information about successful industrial cases in the countries mentioned in both literature reviews
was carried out. We listed the practices that each country claim to be performing in order to achieve
decoupling and then we selected the most relevant among them (financing programs, raise citizens’
awareness, enactment of policies, new technologies development, social programs and sustainable
urban design and development). Given that initial information was found on institutional reports,
we complemented and further validated it with scientific literature (see Tables 1 and 2).

Third, in the light of the SWIT framework, we evaluate the linear production model and the United
Nations Environment Program (UNEP)’s current four decoupling indicators (Figure 1). We found
that UNEP’s four-factor model falls short to positively address the three pillars of sustainability.
Therefore, we extended this model into an eight-factor augmented decoupling model based on the
SWIT framework.

In order to further explain the dynamics of the framework and its potential impacts on the
triple-bottom line of sustainability [62], the framework was modeled using system dynamics
modeling [23,63] supported by the SWIT framework [24]. The SWIT framework is designed to
interlink economic systems, policies and strategies, so as to introduce and convert residue, waste, and
by-product chains into multiple increasing returns cycles [39].

In order to improve the understanding of our proposal, three deployments have been derived:
(1) The current linear chain of production, (2) the original four decoupling indicators regarding
economic growth and environmental impact (UNEP’s model) and, (3) the cluster generated by the
circular value ecosystem (CVES), including the four new indicators to the UNEP’s original model.

A special system dynamic software (Vensim PLE) was used to deploy the flows and states of the
three deployments, including the proposed eight-factor decoupling model named the CVES. These
representations do not have the purpose of running a simulation, but to represent states, flows and
feedbacks of the relationships among the decoupling factors.

This section may be divided by subheadings. It should provide a concise and precise description of
the experimental results, their interpretation as well as the experimental conclusions that can be drawn.

4. Analysis of Results

Based on the inclusion of CE into the decoupling framework, and from the lessons learned from
successful cases, we analyzed whether Latin American countries have developed the proper conditions
of circularity to achieve an effective decoupling found on successful countries such as structural
enabling conditions (e.g., physical, technological, etc.), strong synergies, social practices, and public
policies essential to engage CE mechanisms, and a systemic vision, to support sustainable wealth
strategies, on determined regions.

Through the SWIT framework, a circular value ecosystem (CVES) is assembled for the creation
of sustainable wealth from a systemic approach [24]. Departing from the UNEP’s decoupling
mechanism [4], in the following sections we elaborate our proposal of a new circular mechanism based
on a systemic approach, designed to effectively decouple economic growth through the circularization
of multiple value chains in entire regions with a triple bottom line approach.
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4.1. Decoupling Approach

Being a resource-rich country is not a guarantee of positive economic growth [64,65]. Resources
have become scarcer and more expensive to extract [22]. The current volatility of raw material prices
and their environmental impact end up compromising the economic development of resource-rich
countries [64]. This situation creates more damage to natural capital and surrounding communities,
consequently creating unstable regional growth [34].

From the previous deployment of Figure 1, of the socio-economic-environmental relationship
pertaining to decoupling [4], we propose a new framework, that includes several stakeholders which
measures the impact of the circular value ecosystem (CVES) and sustainable innovation approaches on
the results of the original variables (see Figure 2).

Sustainability 2020, 12, 1291 8 of 21 

and public policies essential to engage CE mechanisms, and a systemic vision, to support sustainable 
wealth strategies, on determined regions. 

Through the SWIT framework, a circular value ecosystem (CVES) is assembled for the creation 
of sustainable wealth from a systemic approach [24]. Departing from the UNEP’s decoupling 
mechanism [4], in the following sections we elaborate our proposal of a new circular mechanism 
based on a systemic approach, designed to effectively decouple economic growth through the 
circularization of multiple value chains in entire regions with a triple bottom line approach. 

4.1. Decoupling Approach 

Being a resource-rich country is not a guarantee of positive economic growth [64,65]. Resources 
have become scarcer and more expensive to extract [22]. The current volatility of raw material prices 
and their environmental impact end up compromising the economic development of resource-rich 
countries [64]. This situation creates more damage to natural capital and surrounding communities, 
consequently creating unstable regional growth [34]. 

From the previous deployment of Figure 1, of the socio-economic-environmental relationship 
pertaining to decoupling [4], we propose a new framework, that includes several stakeholders which 
measures the impact of the circular value ecosystem (CVES) and sustainable innovation approaches 
on the results of the original variables (see Figure 2). 

 

Figure 2. Extended UNEP relationships, with the main metrics for each factor, including: residues, 
waste and obsolete products, DEU, TEC, GAIN, WEI. 

To see how to achieve this synergy between economic growth and environmental impact, we 
first need to observe the dynamics of the conventional linear chain of production, the traditional 
“take-make-dispose” or throwaway approach. 

In order to understand the dynamics of this case, we used system dynamics [23] as a method to 
enhance learning and improve our understanding of the complexity of the synergies of the social, 
environmental and economic systems [66]. 

4.2. Linear Chain: Supply–Produce–Distribute–Dispose 

The conventional linear economic production model is based on a “take–make–dispose” 
approach. This model has endured for decades, given the false belief of infinite resources available 
to humankind as well as the misconception that ecosystem responses to human use are controllable, 
predictable and, above all, linear [22,67]. Given these misunderstandings of the dynamics of nature’s 
behavior, policies and strategies have operated wrongfully, focusing mostly in resource and energy 
efficiency—what we have called in this paper “conventional decoupling”. 

Figure 2. Extended UNEP relationships, with the main metrics for each factor, including: residues,
waste and obsolete products, DEU, TEC, GAIN, WEI.

To see how to achieve this synergy between economic growth and environmental impact,
we first need to observe the dynamics of the conventional linear chain of production, the traditional
“take-make-dispose” or throwaway approach.

In order to understand the dynamics of this case, we used system dynamics [23] as a method
to enhance learning and improve our understanding of the complexity of the synergies of the social,
environmental and economic systems [66].

4.2. Linear Chain: Supply–Produce–Distribute–Dispose

The conventional linear economic production model is based on a “take–make–dispose” approach.
This model has endured for decades, given the false belief of infinite resources available to humankind
as well as the misconception that ecosystem responses to human use are controllable, predictable and,
above all, linear [22,67]. Given these misunderstandings of the dynamics of nature’s behavior, policies
and strategies have operated wrongfully, focusing mostly in resource and energy efficiency—what we
have called in this paper “conventional decoupling”.

The linear approach is characterized by demanding the extraction of both virgin natural resources
and material inputs (RMI), to supply natural resources for production and subsequent sale of goods on
the market. However, after the goods are sold, they continue impacting on the three axes of sustainable
development. On the economic side, profits from production return in the form of investments,
which eventually intensify productive capacity—requiring even more material or natural (virgin)



Sustainability 2020, 12, 1291 9 of 21

resource inputs for the sake of generating more profits, creating a perverse cycle. Figure 3 shows these
relationships among stakeholders of the conventional linear model.
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Figure 3. Model showing the dynamics between linear economic returns and the disposal of
residual materials.

Despite the economic reinforcing loop that generates economic wealth, it is on the environmental
axis, where the downside of the linear model becomes evident as it continues generating large amounts
of waste. Such conditions are inevitable without completely redesigning the way companies operate.
Therefore, by following the path of both industrial and consumer residues depicted in Figure 3,
these elements end up disposed in unknown or undisclosed locations—whether landfills, oceans,
or illegally incinerated, generating pollution and eventually damaging the health of natural ecosystems.
These residues also represent missed opportunities available for exploitation through non-usual
business models.

As this model depicts, the economic gains are generated from the optimization of the linear chain
of production that is simultaneously producing more residues, waste, and obsolete products (RWO),
whose outputs are regularly excluded in terms of material, energy, or financial flows. In other words,
this model represents a production system where economic profits are completely coupled with
resource extraction while excluding the other two actors of the ecosystem equation.

4.3. Basic Decoupling Model

Translating the basic UNEP graph (Figure 1) into a system dynamics relationship model,
new stakeholders are added to the linear model, generating additional behaviors represented mainly
by extra feedback loops. These extra feedback loops include productive activities on the social and
environmental pillars. Figure 4 shows the new dynamics of the stakeholders.

At the epicenter of Figure 4 lies the main variable of interest: economic growth, which is linked to
the other two subsystems. Economic growth is fostered over time through increasing new jobs and, in
consequence, a better human well-being, thereby narrowing, over the long run, the socioeconomic gap,
and incentivizing market consumption as well. The increase in market consumption creates a larger
supply that, in turn, leads to greater economic growth. This dynamic represents a reinforcing loop that
has a positive impact on both social and economic systems.

For the economy to grow, more resources are required, and this need often generates negative
environmental impacts. That need leads to a higher recovery of expenses (i.e., remediation costs) that,
in turn, have a decelerating effect on economic growth. Consequently, the overall dynamic of this
situation represents a balancing loop where “economic growth” is included.
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Figure 4. Model showing the main relationships of basic decoupling of the United Nations Environment
Program [4]. * Denotes a lag between the relationship of the two variables in the model.

Notwithstanding this outcome, there are other impacts outside these dynamics. Ignited by
economic growth, too, are external effects such as an increase in resource extraction intensity and
harmful residual flows, as well as a reduction of the ecosystem’s resilience. Finally, and in parallel,
natural aesthetics are impacted negatively.

In summary, the current economic growth needs considerable amounts of natural and processed
materials, while profits, if properly shared, may create jobs, public assets, and improve the quality
of life and well-being—which will perhaps not occur, if absent of proper regional conditions at the
expense of larger negative environmental impacts, or lack of rule of law, for instance.

The previous sequence of events may justify economic growth. However, it alters both natural
capital and the well-being of the inhabitants of a determined region. It is, in the long term,
a perverse cycle.

4.4. A circular Decoupling Model

From previous experiences, scholars have found that it is necessary to discover efficient mechanisms
that are capable to effectively decouple economic growth from environmental decay [3,21,22], thus
generating sustainable increasing returns (i.e., value for the three systems) that come from other sources.

A key issue for an effective decoupling strategy is to change the conventional cultural paradigm
of creating economic growth, based on the business-as-usual model. Current businessmen and
entrepreneurs manage environmental issues as a negative externality, the result of a forced regulation,
or simply as an obliged global trend, instead of being part of their core business strategy or a holistic
vision of regional development [68].

Integrating environmental resilience, new job creation, social gap reduction and economically-
efficient returns within a sustainable value creation model, leads to redesigning and restructuring
linear value chains, and the production of new synergies among industrial ecology stakeholders and
producer-consumer-nature ecosystems [39].

Seeking out new approaches, successful cases and practices, the scientific research literature has
proposed the use of a CE model as a mechanism to increase natural RE and RP [3,28]. It is suggested
that the CE may help “incremental environmental returns” from natural resource extraction and
productivity usage efficiencies.
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4.5. Dynamics of the Circular Value Ecosystem Engagement

From the previous deployment of the socioeconomic-environmental indices for decoupling seen
in Figure 2, and from the above statements, we propose new dynamics to articulate how stakeholders
may be included on a new model of decoupling.

The following model of system dynamics (Figure 5), depicts how the circular value ecosystems
(CVES) approach of the SWIT framework [24] may increase natural RP [28,69] while it generates
multiple businesses in order to create economic additional resources for the community.Fig. 5 
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Figure 5. Dynamic mental model of how the Circular Economy approach can be engaged into the
proposed eight-factor decoupling framework.

Previous models illustrated in Figures 3 and 4 depicted no decoupling (i.e., a linear chain) or
relative decoupling, respectively. Furthermore, they lacked a systemic enabler to decouple economic
growth and profits from the extraction of natural virgin materials. We maintain that a CE might be
such an enabler given that, by definition, it is a global economic model that aims to decouple economic
growth and development from the consumption of finite resources [61,70].

Therefore, by incorporating the systemic methodologies of the CVES into the previous models,
the integration of the economic, social, and environmental dynamics is possible, and has the potential
to change the performance of a region. These changes can be identified through several feedback loops,
as follows.

These dynamics start from the linear value chain depicted by thick arrows in Figure 5 which
generates great amounts of residues, on the one hand, during production, in the form of emissions
and solid wastes; and on the other hand, after consumption in the form of obsolete products. These
residues and waste represent a business opportunity available through fundamentally redesigning
industrial production [71].
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Therefore, the first feedback loop enabled by CE begins with the waste generated during
production that, rather than being landfilled, is now inserted into a new economic model. It is an
economy where residuals once again enter the value chain as regenerated inputs, substituting natural
resource extraction and/or the use of non-renewable energy. This dynamic is enabled by innovative
processes from non-usual business models such as the CE ReSOLVE framework [26,72,73]. The result
is a balance loop that increases production while decreasing the necessity of extracting more virgin
natural resources.

The same logic applies to obsolete products that can be transformed into feedstock for the same
industry that initially manufactured them through a cradle-to-cradle (C2C) approach [74]. When
unable to be injected directly as a physical input for the process, they can also be transformed into
energy, which can reduce the need for additional capital goods. However, it is certainly preferable that
products and components be kept at their highest value at all times.

Another interesting dynamic, portrayed by a wider loop in the diagram, focuses on the economic
rationale facilitated by the CE. Following a business rationale, CE enables the reprocessing of residues
through the incorporation of appropriate technologies [3] closing the linear production chain. Hence,
an increase of reprocessed obsolete products is accompanied by a growth of new jobs [3] that create
valuable materials and products that are able to spur economic profits. These profits can be invested into
new reprocessing technologies aligned with CE principles, or can increase the capacity to process waste
and/or reprocess inputs while lowering waste disposal costs incurred by landfill use or incineration
processes [75], thus generating a virtuous cycle [76]. Therefore, the process leads to a reduction in overall
environmental impacts, mitigating remediation costs and thus, overall, increasing economic profits.

Such atypical business models decrease considerably environmental impacts by diverting residues
and waste from incineration sites or landfills; instead, they serve as a resource or energy inputs.
In addition, they build up the planet’s resilience and recovery while lowering the possibility of being
subject to fines and regulatory costs. Moreover, if properly designed, this management of RWO creates
a new circular value ecosystem that produces economic profits and controls inputs and production.
Moreover, it reduces environmental damage by using suitable waste and residues management,
appropriate technologies and governance [39].

Although the discussion on reusing waste is not new [2,3,28], our proposal empowers the process
of decoupling by the insertion of the circular value ecosystem. This circular value ecosystem is not
only a path to reduce material consumption, but it has a direct impact to increase the economic activity
through highly value-added non-usual business models [22,28,77].

The current strategies are focused on reducing the amount of resources and energy used and not
on wealth creation (see Tables 1 and 2). Finally, but no less important, are the social impacts of a CE
approach taken on a tangible aspect through several positive externalities in the form of new business
ventures that reinforce the demand for skilled labor [3]; increasing economic indicators as GDP, on the
one hand, and human well-being on the other. The latter narrows the socioeconomic gap and fosters
reasonable consumption of resources [78].

In consequence, the purpose of the circular decoupling framework, is to show how to augment
natural RE and RP using a CE value-added dynamic approach, that is capable of (1) decreasing
significantly the demand for natural resources and energy; (2) transforming waste, residues, and obsolete
products, into valuable assets; (3) reducing the socioeconomic gap; (4) reducing the environmental
degradation; and, consequently, and (5) increasing natural ecosystems resilience and their cycles
of operation.

Overall, the decoupling process provided by the above dynamic interaction of multiple
stakeholders, enabled by the CE perspective, will have a positive influence on the regional resilience,
based on a sustainable wealth creation that benefits the stakeholders of the three axes of the natural
ecosystem: economic development, social justice, and environmental recovering [79].
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Despite the complexities involved in the process, the conceptual model presented in this study
shows the key dynamics to be taken into account when seeking decoupling. The correct “clustering”
of actors, linear chains, analysis, processes, residues, wastes, appropriate technologies and business
models, are the most important success factors for an effective decoupling. These will be discussed in
the following section, where the CVES model will show the interactions and experiences of leading
countries that have applied the circular economy principles, the systemic approach, and the key
stakeholders of the process of decoupling, creating a robust, circular, value-added system capable to be
replicated in developing countries.

5. Discussion

From the proposed model in Figure 5, we can observe the dynamics of integrating CE into the
decoupling process, where residues, waste, and obsolete products (RWO) are integrated into more
valuable cycles. The linear production chain manufactures products and makes economic profits but, at
the same time, the reevaluated goods are reinserted to support economic growth, while simultaneously
reducing the use of natural resources by substituting them with reprocessed input materials. After
analyzing these dynamics, we can validate the following statement:

A CE approach can be inserted into the linear production chain, creating a CVES dynamics,
which reduces the total material requirements. Simultaneously, CE transforms the impact generated
by residues and waste, into aggregated economic increasing returns. Furthermore, through the
implementation of a cluster of new non-usual businesses, a circular value-added system increases
economic growth as well as natural RE and RP, allowing environmental recovery, social inclusion and,
consequently, generating new venture capital that benefits everyone.

5.1. Lessons Learned from the Decoupling of Leading Countries

We have observed that any exercise of circularity needs appropriate regional conditions [70,80].
Otherwise, firms and supporting institutions will be unable to implement any decoupling strategy.

After the analysis of countries that have achieved some progress in decoupling (Tables 1 and 2),
we have found that countries like China, Japan, and India have made exceptional strides improving
RE. The findings from these countries may become benchmarks for the current situation of some Latin
American countries. We can summarize these findings in three statements.

First, none of the countries, which have achieved a certain degree of decoupling, have full-fledged
policies for achieving comprehensive resource and impact decoupling that lead to create true sustainable
wealth [29,30]. Second, the concepts of RE, RP, dematerialization, and material flows has entered
mainstream policy development awareness campaigns (e.g., [34]). Third, sustainable awareness
campaigns and financing of sustainable projects increase the motivation of citizens and the private
sector for sustainable development [34].

After identifying some of the world’s best practices, it is of great relevance to see if similar
situations can be found in Latin America.

5.2. The Situation of Latin America, Regarding Resource Efficiency (RE) and Resource Productivity (RP) Factors

In the last decades, Latin American and Caribbean countries have improved their economic and
social indicators considerably [81,82]. Between 2002 and 2014, this region has grown economically with
an average rate of 3.32% [81]. However, since 2015, the region reveals an increase in the general levels
of poverty and extreme poverty; in 2017, more than 187 million people were still living in poverty and
another 62 million under extreme poverty [81].

Moreover, the agricultural activities are highly sensitive to climate change effects. In Latin America
and the Caribbean (LAC), this sector contributed around 5% of GDP in 2012, concentrated 16% of the
employed population and represented around 23% of regional exports [83]. Climate change evidence
from this region, as in the rest of the world, shows that its impacts on agriculture can already be
observed and there is a high probability that they could be accentuated in the future [84,85]. This will
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compromise the economy of the region, the food security and subsistence for the population in rural
areas, which in Latin America represents 22% of the total population [86]. This high dependency
on the primary activity, the threat that climate change represents and the necessity to increase the
social welfare of the region, is evidence of the need for a decoupling mechanism that may prioritize
wealth creation.

Due to its particular political context [37,38], decoupling economic growth from resource use
and environmental impacts in LAC seems to have larger impediments than in European or emerging
Asian countries. For instance, Brazil, Colombia, and Paraguay have had the resources and initiatives to
develop a sustainable production of biofuels from palm oil [87], a greener source of energy. This kind of
conduct can achieve relative or absolute decoupling. Nevertheless, absent rule of law, high corruption,
poor regulation, poor connectivity and weak control mechanisms, contributed to the loss of relevant
and costly natural capital, such as that which happened at the Amazon forest [87]. An example of this
situation has been the liberalization of foreign trade, like in Cordoba, Argentina, where large corporate
farmers bought the land of smaller ones and do not rotate soybean crops due to significant Chinese
demand for soybeans. These actions led to the erosion of a vast extension of land, and small farmers
became unemployed in the long run [88]. This situation destroyed the virtuous gains of circularity.

The previous examples show that the best practices from leading countries cannot be directly
implemented to Latin American countries. They might be observed and adapted with certain
cautiousness. To successfully achieve decoupling in developing countries, it is necessary to implement
it in a holistic manner through “key enabling conditions” that most of these countries are incapable
to reach. Examples of such conditions involve strengthening regulatory institutions, a strong rule
of law, achieving an articulated clustering strategy among stakeholders and an extended use of
emerging technologies (e.g., virtualization, robotics, analytics, clean technologies, biotechnology,
nanotechnology, etc.) for the transformation processes, and a well-trained systemic leadership [27,89];
all these, in order to lead “sustainable” educated citizens and policy makers [70,80]. In most cases,
in the end, the decoupling mechanism is reduced to develop a culture of growing, maintaining a
balance of the three dimensions of the natural ecosystem.

5.3. The Influence of Institutions on Decoupling Initiatives

Based on our literature review and findings, we cannot neglect that the context of the countries is
dissimilar and affects the implementation and efficiency of decoupling initiatives. This argument is
supported and widely discussed by institutional theory [90,91]. In emerging economies, it has been
examined and supported that variables as GDP and FDI have a positive relationship with the quality
of institutions [92]. In Table 3, we used some of the institutions from previous research of institutional
theory in developing countries [92] and discussed how they affect decoupling in developing countries
based on our literature review.

In summary, for developing countries, such as the Latin America region, great attention should be
dedicated to the decoupling of economic growth from the extraction of natural resources and from the
generation of excessive residues and toxic materials. For most of them, their large relevant economic
activity depends from the extraction and from the manufacturing of products that have a significant
impact on the environment and on the way of living of their population. However, the engagement of
circular economy practices is difficult and costly, because, in certain cases, success depends on having:
proper enabling structural conditions (e.g., connectivity, systemic culture, enabling technologies, etc.);
capabilities to maintain strong industrial ecology synergies; governability; holistic management of
clusters; and public policies with a strong sense of sustainability and quality of institutions (e.g., voice
and accountability, government effectiveness, regulatory quality, rule of law, control of corruption).
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Table 3. Institutions and their effect in decoupling initiatives.

Institution Definition How the Institution Affects Decoupling
in Developing Countries (DCs).

Voice and accountability

The extent to which citizens have a
say in government, freedom of

expression, freedom of association
and freedom of the media.

A diversity of developing countries has been
distinguished for a limited freedom of speech
and information. This might affect the public

awareness and citizens’ demands for
sustainable strategies.

Government effectiveness
Quality of public services and the
insulation of the civil service from

political pressures.

This parameter affects widely the effect of the
introduction of new technologies and programs
for decoupling economic growth from natural
resources extraction. This also discourages the

citizens to participate.

Regulatory quality

Government’s ability to generate
policies and regulations that
promote development in the

private sector.

If the government does not design bold policies,
and durable self-financial strategies,

the sustainable initiatives could easily be
focused on efficiency and, after a matter of time,

obtain a rebound effect and disappear.

Rule of law How well actors in a nation abide
by the code of law.

One of the major factors to support the
implementation of decoupling strategies is

“trust on the institutions”. If enforcement of law
does not exist, or is poorly implemented,

as is common in developing countries,
the application of regulations and normativity
is impossible. In consequence, this institution is
a key success factor for achieving decoupling in

developing countries.

Control of corruption
The extent to which public goods

are exploited by private
individuals.

The institution, which applies this mechanism,
is linked to the rule of law. The lack of

institutions promoting transparency and law
enforcement in developing countries affect the
management of large financing programs and

implementation of large projects that favor
economic growth versus sustainable

development. To have a sustainable region is
necessary to have a healthy economy and
corruption does not help, mainly in DCs.

6. Conclusions

Decoupling economic growth from environmental impact resource efficiency represents a complex
and challenging task. The proposed model based on a systemic view of growth represents a viable
alternative. Despite best practices on leading, developed countries have taught us that although
achieving a certain degree of decoupling is possible, it certainly cannot be applied in the same way in
developing countries as the context greatly varies. However, we can highlight some contributions
obtained from the analysis done in this study.

For instance, the model proposes the assembly of a circular value ecosystem, composed of a
cluster of regional stakeholder synergies with a positive impact on the triple bottom line [62]. This is
an alternative sustainable wealth creation mechanism for all stakeholders that goes beyond a simple
product or production system by focusing on entire regions.

Additionally, despite there being evidence that CE principles increase Resource Efficiency and
Resource Productivity, it is not enough for achieving decoupling in developing countries such as Latin
American countries. As we have shown on our model, there is a need for a more holistic approach
to address the three pillars for the creation of sustainable wealth. Therefore, the proposed CVES
approach fulfills the design requirements that we have found are needed for achieving sustainable
wealth creation through decoupling.
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Moreover, the present research has contributed to further advance the understanding of the
decoupling process. It has shed light on the different indicators (best practices) of developed countries
related to decoupling and how they might or might not apply to Latin American countries. In addition,
it has complemented UNEP’s decoupling indicator model by focusing on how to positively address
the three pillars of sustainability in developing countries.

Furthermore, the present research encourages researchers to use methodologies able to deal with
complexity such as system dynamics modelling. Decoupling challenges requires taking into account
multiple stakeholders, feedback loops and other heterogeneous dynamics. The analysis of these
intricated interactions are of great value to unravel decoupling opportunities.

Beyond these dynamics, the cultural (e.g., environmental awareness), institutional, technological
and political (e.g., rule of law) factors are among the most fundamental when implementing decoupling
strategies and regional policies. However, in order for decoupling to be successfully implemented,
we contend that there must be a systemic enabler. In line with this, we also stressed the importance of
the role of non-usual business models based on the valorization of residues, waste and obsolete products
coupled with a holistic vision of regional development as the key enablers of regional decoupling based
on circular economy. These new types of non-usual business models effectively internalize externalities
through the creation of multiple businesses, which foster economic development for communities.

The proposal of this study could be summarized in two main objectives. First, to identify
which factors promote decoupling, based on the best practices from the leading countries; and
second, to propose a CE framework based on a circular value system which has contributed to our
understanding on how to implement decoupling and increase RE practices in developing countries,
which are economically highly dependent on the extraction of their natural resources. With this
circular value-added ecosystem, we propose to transform waste, residues, and obsolete products into
valuable goods preventing the adverse consequences of linear economic growth and the corresponding
deterioration of natural resources.

RE and RP cannot be achieved if the efficiency of production is reached only by traditional linear
procedures. In traditional manufacturing industries (even with the digitalized industry 4.0, AI, robotics
and other information technologies), if the economy grows, the use and abuse (e.g., some extraction
cases of deliberate production of debris and contaminated tailings) of resources also grows—sometimes
faster than economic growth itself (e.g., [93,94]) Thus, innovative procedures such as the circular value
ecosystem (CVES) must be implemented in order to achieve better resource efficiency while prioritizing
sustainable wealth creation.

However, we are conscious that reducing resource use and energy demand is a prerequisite for
applying CE practices, and that although most CE models (e.g., remanufacturing, renovating, reusing,
etc.) require additional investment, innovative processes and sustainable-aligned policies, we still
think that decoupling can be achieved while generating benefits for the subsystems of the natural
ecosystem, all under an economic competitive framework.

Thus, we offer the systemic approach of the CVES for policy makers, businesspersons and
academicians for developing countries, to understand what leading regions are doing in creating
effective strategies for augmenting natural resource efficiency. Additionally, through the dynamics
of the circular system approach, of the main model of decoupling, (Figure 5), several alternatives
may be generated. Decision makers of developing countries may: (1) substitute the consumption of
natural resources with processed resources; (2) produce alternative economic increasing returns; (3)
reduce the impact on the environmental damage, transforming waste and residues into valuable assets;
or (4) create self-sustainable wealth for the economic, environmental, and social development of most
stakeholders of these regions; that is, decoupling economic growth from natural resource use, creating
a sustainable wealth for all.
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7. Limitations

The present research encompasses a preliminary analysis and a well-supported proposal.
It represents the first step for understanding the complexity of the decoupling process, by using a
systems approach. Further developments would include the system dynamics model validation,
application, and simulations. This, in order to allow a deeper quantitative analysis of the impacts
identified and the evaluation of possible strategies to support the implementation of a decoupling
mechanism based on CE principles and circular value-added systems business models. Furthermore,
we acknowledge that some data might not be scientifically reviewable given the relative novelty of
the topic, and since much of the information is still being generated in the Latin American context.
Future research could focus on a more extensive quantitative analysis derived from the observation
of the LAC region behavior, and find under which conditions the CVES can be assembled to achieve
a successful economic growth, disaggregated of the resource use and environmental impact, of this
large region. Additionally, the effectiveness of this model should be tested in the light of negative
externalities belonging to a specific city or country. Finally, future research should focus on assigning a
monetary value to externalities and to include them into the model.
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