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Abstract
Humanity is facing complex challenges posed by population growth, climate change, and 
the need to increase food, feed, fiber, and bioenergy production while confronting the scar-
city of natural resources. The transition to a circular economy, characterized by reduced 
resource use and waste, is being increasingly recognized in academic, business, and policy 
making circles as essential to meeting these challenges, with the emphasis being on the 
development of methods and processes that enable and facilitate the transition from a lin-
ear to a circular economy. This paper argues the need for an increased emphasis on the 
economics of the circular economy and presents a general framework that illustrates the 
transition from a linear to a circular economic system. In addition, the paper highlights 
the economic issues that arise during the transition to increased circularity and the policy 
options available to facilitate the successful transition to a more circular economic system.
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kn
i
  natural capital

ko
i
  recovered capital in a different supply chain

kr
i
  recycled capital

LCA  life cycle assessment
LSC  linear supply chain
PLE  product life extension
RPO  retain product ownership
SDGs  sustainable development goals
UN  United Nations
w′

i
  waste under circular supply chain

wi  waste under linear supply chain
WTP  willingness-to-pay
y  desirable output
yu

∗  environmentally damaging output under circular supply chain
yu  environmentally damaging output under linear supply chain
zi  non recoverable waste/byproduct

Introduction

In recent years, the concept of circular economy (CE), characterized by reduced resource 
use, waste, and their environmental impacts by closing the loops of energy and materials 
and extending the lifecycle of products circulating in the economy [1–4], has received sig-
nificant attention from scholars, practitioners, and policy makers as an alternative paradigm 
to replace the dominant use-and-dispose linear economy, and facilitate a more sustainable 
development [5–10]. CE is viewed as an essential feature of sustainability, with sustainable 
production and consumption — core principles of CE — being critical in every framing 
of the concept of sustainability included in the Sustainable Development Goals (SDGs) of 
the United Nations [11, 12]. Several countries have developed national goals and policies 
for transitioning to a CE. China adopted a nation-wide strategy for implementing circular-
ity and passed The Circular Economy Promotion Law in 2009, and Circular Development 
Leading Action Plan in 2017 with the objective of economic growth and environmental 
sustainability [13]. Similarly, the European Commission introduced the Circular Economy 
Package in 2014 which was later revised under the Closing the Loop — An EU plan for the 
Circular Economy. As suggested by the European Commission [14], scaling up CE to be 
the center of business models for mainstream economic players is key to not only decou-
pling economic growth from resource use and achieving decarbonization and climate neu-
trality by 2050 but also to ensuring the long-term competitiveness of businesses. However, 
circular supply chains are relatively rare [15]. According to Haas et al. [16], only 6% of 
all materials processed by the global economy are recycled and contribute to “closing the 
loop.” Despite this, there is growing recognition within the business and policy circles of 
the need for CE practices in supply chains and across various sectors of the economy [13].

Circular business models that have been developed to implement the principles of CE 
include four main strategies: (1) closing resource loops, (2) slowing resource loops, (3) 
narrowing resource loops, and (4) regenerative resource flow [2, 5, 7]. Closing resource 
loops involves redirecting post-consumption materials and waste away from disposal and 
back into closed loops, resulting in a circular flow of resources. Slowing resource loops 
consists of prolonging and extending the lifespan of a product in use. Narrowing resource 
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loops aims to minimize the use of resources and negative environmental impacts per unit 
of output produced, resulting in increased efficiency. Finally, regenerative resource flows 
aim at preserving and enhancing natural capital.

These circular business models can be implemented through various strategies including 
retain product ownership (RPO), product life extension (PLE), design for recycling (DFR), 
and industrial symbiosis [2, 17, 18]. Under the RPO strategy, the producer is responsible 
for products after the consumption stage. Rather than delivering ownership, producers offer 
rent or lease of their product to consumers. Car sharing, leased printers and photocopies, 
and document management systems are examples of this strategy. PLE, on the other hand, 
prioritizes durability, the design of products that last longer, and the creation of value in 
residuals and product components. Examples of this strategy include remanufactured and 
refurbished products, and assigning reward points and cash for recycled products. DFR 
refers to design strategies that maximize recoverability of the products’ components (e.g., 
design for disassembly and reassembly).1 Industrial symbiosis, also known as eco-symbio-
sis, focuses on redirecting waste and byproducts from one process and industry to be used 
as inputs in a different process and industry [19, 20]. The Kalundborg model in Denmark 
is an example of such supply chain. This model consists of six manufacturing facilities 
with the wastes and byproducts from a facility being used as inputs in other facilities. For 
instance, waste steam from a coal-fired electrical power generating station is used by a 
pharmaceutical plant and an oil refinery, and wastewater from an oil refinery is used by a 
power plant [18]. It is important to note that these circular business strategies overlap and 
have blurred boundaries. Atasu et al. [17] suggested that these business models provide a 
framework for corporations to develop circular supply chains that create economic value 
and reduce their environmental footprints through the recovery and the recycling of the 
resources used to produce their products.

Recognizing the importance of the transition to a more CE, the relevant literature to 
date has focused primarily on methods and processes that facilitate circularity, approaching 
it as a technical and engineering challenge (i.e., system of processes) that prioritizes the 
production side of the economy [21]. In particular, the core principles of the CE models 
are based on materials and energy flows aimed at reducing primary production, extending 
the life of materials and products already in circulation, and minimizing waste, while maxi-
mizing environmental benefits [1, 5, 22]. This is achieved mainly through closing the loop 
and using waste from one process as an input in another process, creating new flows of 
inputs and outputs known as secondary production, such as recovered and recycled materi-
als, waste, and byproducts [2, 23, 24].

However, while the development of effective processes is certainly necessary for 
increased circularity, it is not sufficient in ensuring the successful transition to a more cir-
cular economic system. Unless the adoption of these processes is viewed as beneficial/
profitable for the interest groups involved, they may not be adopted in practice. Factors 
such as high costs, adverse impacts on quantity or/and quality of production, specialized 
knowledge or skill needs, uncertainty, and/or a negative consumer response may hinder the 
adoption of these processes and derail the transition to increased circularity.

In essence, a circular economic system is as much a system of markets as it is a system 
of material and energy flows. That is, for every secondary production associated with or 
resulting from circularity (e.g., recovered wastes and byproducts), there is a market with 

1 Bocken et al. [2] provide a detailed treatment of strategies used to implement circular business models
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supply and demand conditions affecting the producers and consumers of the recovered sec-
ondary product in question, as well as other participants in the supply chain of interest 
and the economy at large. In this context, an understanding of the system-wide market and 
welfare impacts of circular economic processes, the economic costs and benefits associated 
with these processes, and other socioeconomic factors affecting their adoption and market 
acceptance and success is of paramount significance for (a) assessing their market potential 
and economic viability, (b) identifying areas where the potential for a market failure exists 
(i.e., areas where an incomplete internalization of the benefits of the increased circularity 
facilitated by the processes in question might result in the market forces failing to generate 
the socially desirable outcome/circularity2), and (c) designing policies and strategies that 
can induce the socially desirable market outcomes/level of circularity.

In addition to highlighting the need for an increased emphasis on the economics of the 
CE, this paper has two additional objectives. The first objective is to develop a general 
framework that illustrates the transition from a linear to a circular economic system and 
the key areas involved in or affected by this transition. The second objective is to highlight 
the economic issues that arise during the transition to increased circularity and the policy 
options available to facilitate the successful transition to a more circular economic system.

The rest of the paper is organized as follows. “Review of Literature on the Circular 
Economy” section provides a review of some key literature highlighting the developments 
that have shaped our understanding of the CE concept. “Transitioning from a Linear to 
a Circular Economic System” section introduces a general framework that captures the 
fundamental transformations and technological changes at the different stages of the sup-
ply chain when transitioning from a linear to a circular economic system. “Key Economic 
Issues Associated with the Transition to a Circular Economy” section highlights some key 
economic issues that arise from the transition to a circular economic system. Policies that 
can address potential market failures and induce the socially desirable transition to a CE 
are discussed in the “Policy Implications” section. “Summary and Concluding Remarks” 
section summarizes and concludes the paper.

Review of Literature on the Circular Economy

The concept of the CE has roots in both economics and the industrial ecology fields.3 Boul-
ding [25] discussed the difference between open and closed systems in relation to materi-
als, energy, and information, and identified the key difference between an open (linear) and 
a closed economy. In the open economy, also termed by the author as a “cowboy econ-
omy,” earth has unlimited resources and reservoirs of raw materials. On the other hand, in 
the closed economy, termed as a “spacemen economy,” earth has limited resources and res-
ervoirs of raw materials. In this case, to maintain the capital stocks, the author advocated 
for the necessity of adopting cyclical systems in which all the outputs from consumptions 
(i.e., waste) need to be constantly recycled and become inputs in the production process. 
Building on these ideas, Stahel [23] formulated the concept of the closed-loop economy 
[9]. A key contribution in the field of industrial ecology, which focuses primarily on the 

2 The implicit assumption in this article is that the transition to a circular economic system results in social 
benefits that outweigh the social costs of this transition
3 For a comprehensive review of the literature on the historical development of the concept of CE see 
Blomsma and Brennan [1].

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Circular Economy and Sustainability 

1 3

flow of material, is the work of Frosh and Gallopoulos [20]. They suggested that the linear 
industrial activity should be transformed into an industrial ecosystem in which material 
and energy consumption are optimized, waste is minimized, and effluents of one process 
are reused raw materials for another process. They advocated for the adoption of sustain-
able industrial ecosystems by the creation of closed cycles and a design for recycling.

The term CE was introduced first by Pearce and Turner [26] who addressed the relation-
ship between CE and the four functions of the environment and provided a simple dia-
gram for CE.4 Building on this work, Anderson [27] highlighted the role of environmen-
tal economists in addressing the environmental externalities caused by economic activity. 
He suggested that, when accounting for the four functions of the environment, unpriced 
or underpriced services and disservices should be internalized using life cycle assessment 
(LCA) and consumer valuation of environmental goods. Note that both Pearce and Turner 
[26] and Anderson [27] viewed recycling as the key component of CE.

Following the publication of the EMF’s report on CE in 2013, the concept of CE gained 
increasing attention by scholars, practitioners, and policymakers, while the development of 
national policies in Sweden, Germany, Japan, China, and the European Union has contributed 
to the wider spread of circularity [1]. The number of peer-reviewed articles on CE increased 
from 14 articles on 2014 to more than 100 articles in 2016 [11], while a recent Scopus search 
containing the term “circular economy” by Kirchherr et al. [8] resulted in more than 13,000 
documents. Rejeb et al. [28] conducted co-occurrence network and main path analyses on 
the entire domain of CE research and identified the following research themes: CE and sus-
tainability, bioeconomy, CE practices, LCA and industrial symbiosis, construction activities, 
waste management, and the drivers and barriers of implementing CE.

Kirchherr et  al. [3] analyzed 114 definitions of CE and found that CE and recycling 
are used interchangeably, the 3R framework (i.e., reduce, recycle, and reuse) is the most 
common conceptualization of CE in the literature, and that some of the definitions fail to 
highlight the necessity for a systemic shift. This study was revised recently to include 221 
definitions of CE and noted an increased attention to the 4R framework (i.e., reduce, recy-
cle, reuse, and recover) and to business models and consumers [8]. Indeed, there has been 
a growing interest in circular supply chains (CSC) and circularity indicators. Montag [4] 
provided a comprehensive study of CSC and identified the core properties of CSC as (1) 
regeneration, (2) open loops and cascading flows, (3) value creation focus, and (4) para-
digm shift, while Pascale et al. [29], Saidani et al. [30], Moraga et al. [31], and Kulako-
vskaya et al. [32] provided systematic reviews of the literature on circularity metrics and 
indicators. As noted by Kulakovskaya et al. [32], however, studies on economic CE indica-
tors are rare.

Related to our paper is the work of Zink and Geyer [21] and Fullerton et al. [33]. Zink 
& Geyer [21] pointed out that CE research has been focusing on engineering and techno-
logical solutions, while neglecting economic incentives and behaviors. Fullerton et al. [33] 
noted that the concept of CE started among architects and engineers and has received little 
interest among economists. They introduced key notions of circularity to economists and 
identified potential areas for future transdisciplinary research. We contribute to this emerg-
ing literature by arguing the need for an increased emphasis on the economics of the CE. 
We present a general framework that illustrates the transition from a linear to a circular 

4 According to Pearce and Turner [26], the four functions of the environment are (1) provision of ameni-
ties, (2) resource base for economic activities, (3) sink for economic activities, and (4) fundamental life-
support
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economic system and highlight the economic issues that arise and policy options available 
to facilitate the successful, effective, and efficient transition to increased circularity.

Transitioning from a Linear to a Circular Economic System

In this section, we present a general framework that captures the fundamental transforma-
tions and technological changes taking place at different stages of a supply chain when 
transitioning from a linear to a circular system. In Fig. 1, we distinguish between the linear 
supply chain (LSC, drawn in black), the circular supply chain (CSC, drawn in blue), and 
their relationship with the environment (drawn in green). The LSC is presented first, fol-
lowed by the required changes associated with circularity at each stage of this general sup-
ply chain.

A Linear Supply Chain

An LSC has four distinct stages from upstream to downstream: producers/input suppliers, 
processors, retailers, and final consumers. Agri-food supply chains are examples of such a 
supply chain and are directly involved with the grand societal challenges addressed through 
increased circularity. Producers 1 and 2 use two inputs, natural capital kn

1
 and kn

2
 and manu-

factured capital km
1

 and km
2

 , to produce outputs y1 and y2, respectively. In addition to outputs 
y1 and y2, this stage often entails the generation of environmentally damaging outputs yu

1
 

and yu
2
 , byproducts b1 and b2, and wastes w1 and w2. Under the LSC, wastes and byproducts 

are discarded in the environment.5 For an agri-food supply chain, producer 1 could refer 
to crop producers, while producer 2 could refer to livestock production units. In this case, 
the natural capital would include inputs like land, water, and organic fertilizer, while the 
manufactured capital would include inputs like transportation and machinery. The environ-
mentally damaging, and thus undesirable outputs, would include the release of greenhouse 
gases (GHGs) and water acidification due to nutrients (e.g., nitrogen) loss associated with 
agricultural and livestock production. In fact, agriculture is estimated to be responsible for 
25% of total global emissions of GHGs [34, 35], 25% of global terrestrial acidification, and 
74% of total freshwater and marine eutrophication [36]. Waste would include animal waste 
(e.g., manure) and crop residues (e.g., wasted biomass) at the farm level.

At the processing stage, in addition to natural capital kn
3
 and kn

4
 and manufactured capital 

km
3

 and km
4

 , processors 1 and 2 use outputs y1 and y2 from the production stage as inputs 
to produce outputs y3 and y4, respectively. Environmentally damaging outputs yu

3
 and yu

4
 , 

byproducts b3 and b4, and wastes w3 and w4 are often generated and discarded in the envi-
ronment at this stage of the LSC as well. Outputs y3 and y4 move to the retailer stage and 
are used, along with natural kn

5
 and kn

6
 and manufactured capital km

5
 and km

6
 as inputs for 

the final consumer products y5 and y6. Waste occurs at the retailer stage in the form of 
w5 and w6 and it is discarded in the environment. yu

5
 and yu

6
 represent the environmentally 

damaging output at this stage of the supply chain. At the final stage of the LSC, the con-
sumption of the final products y5 and y6 generates waste w7 and w8 that is discarded in the 

5 While there are byproducts that are recovered and reintroduced into the supply chain, we focus on 
byproducts that are discarded in the environment
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Fig. 1  Transitioning from a linear to a circular supply chain
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environment, and the environmentally damaging outputs yu
7
 and yu

8
 . In the context of an 

agri-food supply chain, waste at this stage would translate primarily into food waste.

A Circular Supply Chain

Having determined the different stages of the LSC required to produce, process, and distrib-
ute the final products and its environmental impacts, we discuss next the fundamental trans-
formations and changes required to establish a CSC. The transition to a CSC is achieved by 
closing the loop of materials and extending the lifecycle utility of wastes and byproducts with 
the objective of maximizing the value and minimizing the environmental impacts of produc-
tion and consumption at the different stages of the supply chain. To implement circularity, a 
CE unit is introduced at each stage of the supply chain. Wastes and byproducts that are dis-
carded in the environment under the LSC are now collected and recovered by these CE units 
and used as inputs at different stages of this and other supply chains.

At this point, it is important to note that there are two levels of circularity, the first 
is within each stage of the supply chain, and the second is the overall circularity, which 
refers to circularity of the (whole) supply chain. While wastes and byproducts are gener-
ated along the relevant LSC, implementing circularity is not costless and requires addi-
tional inputs denoted by capital ki with i = 1, 2, 3, 4 referring to the relevant stage in the 
supply chain. This cost is associated with the collection, recovery, and treatment of wastes 
and byproducts.

At the production stage, in addition to input k1 (i.e., the input capturing the cost of circu-
larity at the production stage), CE unit 1 recovers and reuses wastes w1 and w2 and byprod-
ucts b1 and b2 generated at this stage of the supply chain as inputs to produce two types of 
outputs: recycled capital (i.e., secondary products) kr

1
 and kr

2
 , and other capital ko

1
 . The recy-

cled capital kr
1
 and kr

2
 are used as inputs by producer 1 and producer 2, respectively,6 while 

the other capital ko
1
 can be used in different supply chains. By extending the lifecycle of 

wastes and byproducts, circularity can reduce environmentally damaging outputs from yu
1
 

to yu∗
1

 for producer 1, and from yu
2
 to yu∗

2
 for producer 2.7 Finally, z1 represents the amount of 

waste and byproducts that cannot be recycled back to the supply chain, and it is discarded 
in the environment. In the context of an agri-food supply chain, the CE unit 1 could collect 
animal waste (manure) and process it through a bio digestor to produce biofertilizer and 
biogas (mainly methane). The biofertilizer can, then, be used as input in crop production, 
and the biogas can be used as a source of electricity.

Similarly, at the processing stage, the objective of CE unit 2 is to create circularity at 
this stage of the supply chain by closing the loops. CE unit 2 uses input k2 and byprod-
ucts b3 and b4, and recovers waste w3 and w4 to produce recycled capital kr

3
 , kr

4
 , kr

5
 , kr

6
 , and 

other capital ko
2
 . The recycled capital kr

3
 and kr

4
 are used as inputs by processors 1 and 2, 

respectively, while the recycled capital kr
5
 and kr

6
 leave the processing stage and go back 

the production stage where they are used as inputs by producers 1 and 2, respectively. 
The other capital ko

2
 can be used as an input in a different supply chain. As a result, the 

6 As shown in Fig. 1 and discussed below, the use of waste and/or byproducts from other stages of the sup-
ply chain as inputs in this stage is also possible
7 This happens through two mechanisms: (1) when the produced recycled capital at the CE unit can substi-
tute the use of manufactured and natural capitals, which mitigates the negative environmental impact asso-
ciated with the production, extraction, and use of natural and manufactured capital, and (2) by extending the 
lifecycle of waste and byproducts
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environmentally damaging outputs yu
3
 and yu

4
 are reduced to yu∗

3
and yu∗

4
 , respectively. Finally, 

z2 represents the non-recoverable waste and byproducts at the processing stage that is dis-
carded in the environment.

At the retailer stage, CE unit 3 recovers and reuses waste w5 and w6 to produce, using 
input k4, the recycled capital kr

7
 , kr

8
 , kr

9
 , kr

10
 , kr

11
 , kr

12
 , and other capital ko

3
 . The recycled capi-

tal kr
7
 and kr

8
 are used as an input by the retailer at the same stage of supply chain; recycled 

capital kr
9
 and kr

10
 leave the retailer stage and go back to the processing stage and are used 

as inputs by processors 1 and 2, respectively; and the recycled capital kr
11

 and kr
12

 are used 
as inputs by producers 1 and 2, respectively. Because of circularity, the environmentally 
damaging outputs yu

5
 and yu

6
 are reduced to yu∗

5
and yu∗

6
 , respectively. Finally, z3 represents the 

non-recoverable waste at the retail stage. Note that the CE unit 3 enhances circularity both 
within the retail stage and along other stages of the supply chain.

Finally, at the consumer stage, CE unit 4 recovers and reuses waste w7 and w8 as inputs 
to produce, along with input k4, the recycled capital kr

13
 , kr

14
 , kr

15
 , kr

16
 , kr

17
 , kr

18
 , and other 

capital ko
4
 . The recycled capital kr

13
 and kr

14
 are used by consumers; the recycled capital 

kr
15

 and kr
16

 go back to the processing stage and are used as inputs by processors 1 and 2, 
respectively; while the recycled capital kr

17
 and kr

18
 are used as inputs by producers 1 and 

2, respectively. The waste at the consumer stage that cannot be recovered, denoted by z4, 
is discarded in the environment. Similar to CE unit 3, CE unit 4 enhances circularity both 
within the same stage and along other stages of the supply chain. Because of circularity, 
the environmentally damaging outputs yu

7
 and yu

8
 are reduced to yu∗

7
and yu∗

8
 , respectively.

Before concluding this section, it is important to note that our framework is general, and it 
can be adapted to capture the idiosyncrasies of a wide range of supply chains. And, as indicated 
earlier, it can capture circularity at each stage of the supply chain as well as the circularity of the 
whole system. In addition, our framework can be applied to a variety of scales. For instance, pro-
ducer 1 can refer to an individual producer or aggregate production of a product. Similarly, pro-
cessor 1 can refer to a specific processor or all processors of a specific product within the supply 
chain. Obviously, the development of properly adjusted frameworks for each supply chain of a 
region/economy could provide a region-/economy-wide model of circularity, which is important 
when examining aggregate circularity in a region/economy [37]. Finally, the framework can be 
used to provide metrics and indicators of circularity in the economic system under study. These 
metrics can measure the progress towards circularity at each stage of the supply chain as well as 
at the supply chain as a whole. In fact, our framework can be used to construct environmental, 
technical, and economic metrics.8 Environmental metrics measure the reduction and the mitiga-
tion of the environmental damages associated with the various stages of the supply chain when 
transitioning to a circular supply chain. For instance, metrics to assess the environmental damage 
mitigation  (EDM1) in stage 1 when transitioning from LSC to CSC are given by:

Technical (or physical) metrics focus on circularity associated with the physical flow of input 
and outputs, i.e., how much waste is recovered or circularity rate  (CR1) in stage 1 given by:

(1)EDM1 =

(

yu∗
1
+ z1

)

−

(

yu
1
+ b1 + w1 + b2 + w2

)

(

yu
1
+ b1 + w1 + b2 + w2

)

(2)CR1 =
z1

b�
1
+ w�

1
+ b�

2
+ w�

2

8 As noted in the literature review section, economic metrics are rare
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Finally, when prices and costs are available, economic metrics that reflect the revenues 
and the costs of circularity at each stage of the supply chains can be constructed. This can 
be done by constructing indexes using both economic data and physical flow of inputs and 
outputs. Economic metrics assign prices and costs to the circular flow of inputs and out-
puts, i.e., the economic value and the cost of recovered wastes and valorized byproducts.

Key Economic Issues Associated with the Transition to a Circular 
Economy

Having determined a general framework that encompasses relevant and significant trans-
formations and technological changes required for transitioning from an LSC to a CSC, 
we discuss, next, some key economic issues that arise from the transition to increased cir-
cularity. As noted in the introduction, the CE is as much a system of markets as it is a 
system of material and energy flows. That is, for each secondary production resulting from 
the transition to a CE/increased circularity, there is a market involving costs and benefits 
that impact the direct participants in this market/economic activity, as well as participants 
in other stages of the supply chain and, when recovered or secondary products are used 
in other supply chains, they affect participants in these supply chains as well. Changes in 
production functions/production technologies9 used; costs, quantity, and/or quality of pro-
duction; consumer preferences; market structure, along with increased uncertainty and 
revenues from byproducts and waste utilized in a circular economic system; and benefits 
from corporate social responsibility are some of the economic issues associated with the 
transition from a linear to a CE. These economic issues are important as they can affect 
the expected impacts of circularity and, through this, the adoption of the methods and pro-
cesses required for the transition from a linear to a circular economic system.

Changes in Production Functions/Production Technologies and Quantity of Output 
Produced

The changes needed to achieve circularity can have direct impacts on the production functions/
technologies (i.e., the technical relationship between the output produced and the inputs used in 
its production, which captures the production technology and gives the maximum output that can 
be produced from a given level of inputs), at the different stages of the supply chain. At the pri-
mal/quantity space, redirecting wastes and byproducts away from disposal and back into closed 
loops that cycle materials back to the supply chain results in the creation of a new set of inputs 
(i.e., secondary products or recycled capital). As a result, the set of inputs available to producers 
increases, which can change the production functions/production technologies used. For instance, 
in Fig. 1, the production function of producer 1 under the LSC is given by y1 = f

(

km
1
, kn

1

)

 , while, 
under circularity, the production function can become y1 = g

(

km
1
, kn

1
, kr

1
, kr

5
, kr

11
, kr

17

)

 . Thus, not 
only does circularity result in additional inputs available to producers (i.e., recycled capital kr

1
 , 

kr
5
, kr

11
, and kr

17
 ), it also changes the production technology from f(.) to g(.), and the maximum 

9 In economics, a production function depicts the technical/technological relationship between the quanti-
ties of the physical inputs used in the production process and the quantities of the output(s) produced — 
i.e., the way inputs are combined to produce the output. It reflects the production technology used/technol-
ogy used in the production process, and specifies the maximum output that can be produced from a given 
set of inputs [44, 45]
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output that can be produced in the two cases. The impacts of this change are determined by the 
relationship of the production technologies under the LSC and under the CSC, the technical rela-
tionship between the secondary products and the traditional inputs used in production, and the 
returns to scale under the different production technologies.

Changes in the Costs of Production

In addition to affecting the quantity of the product that can be produced with the available 
resources, the use of secondary products/recycled capital in the production process can also 
affect the costs of production along the supply chain. The cheaper are the secondary products 
relative to the traditional inputs used and/or the greater the substitutability of these inputs, the 
greater are the cost savings associated with the use of secondary products as inputs in the produc-
tion processes involved, and the greater is the economic efficiency of the supply chain. The tran-
sition from a linear to a circular economic system can also result in adjustment costs associated 
with the change in the production practices necessitated by this transition. The greater are the 
changes in the production practices required under a circular economic system, the greater are 
the adjustment costs faced by the producers involved.

Costs of Establishing the CE Units and Producing the Secondary Products

While the use of secondary products as inputs in the relevant production processes can generate 
production cost savings in the different stages of the supply chain, the production of these sec-
ondary products through the CE units in each stage is costly. These circularity costs entail both 
fixed costs associated with the establishment of the CE units and variable costs associated with 
the operation of these units and the production of the secondary products through the recovery, 
recycling, and treatment of wastes and byproducts. It should be noted that the spatial context is 
a key attribute of circular business models [15]. The more local the secondary production, the 
more efficient and cost effective the recovery and the reuse of waste and byproducts.10

Changes in Market Structure

The fixed costs associated with the establishment of CE units at the different stages of the 
supply chain can affect the structure of the relevant markets. The greater are the fixed costs 
associated with the transition to circularity, the greater is the minimum efficient size of 
operation, and the more concentrated the relevant markets are expected to be. Changes in 
market structure are important as they affect both the size and the distribution of the eco-
nomic surplus generated by an economic activity [38].

Changes in the Quality of the Products and Consumer Preferences

In addition to affecting the quantity and the costs of the products produced along the sup-
ply chain of interest, the use of secondary products as inputs in the production process 

10 While important, the spatial attribute poses a significant challenge for modern supply chains, like the 
increasingly industrialized agri-food sector [46, 47]. These supply chains rely on economies of scale, mak-
ing it difficult to rely on locally sourced byproducts and waste
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can also affect the actual or perceived quality of the products produced. Consumers can 
increase their valuation of, and willingness-to-pay (WTP) for products produced through 
circular economic processes when they value/care about the socioeconomic and environ-
mental benefits associated with increased circularity [39]. Consumers can also perceive 
circular products as being of lower quality when the use of secondary products is viewed as 
detrimental to the quality of the final product [40]. Examples of such cases would be veg-
etables produced with recycled/reclaimed wastewater.

Rebound Effect

An increased consumer valuation of circular products can create economic incentives for 
increased production of byproducts and waste (used as inputs in the production of the sec-
ondary product utilized in the production process of the circular economic system). The 
result could be an increased primary production (resulting in increased extraction and pro-
cessing of natural capitals), which could exacerbate environmental damages and create a 
rebound effect.11 As noted by Zink and Geyer [21], CE activities can also lead to a rebound 
effect when CE production fails to compete effectively with primary production, resulting 
in increased primary production.

Uncertainty About the Economic Impacts of Increased Circularity

The novel nature of the circular economic system/supply chain, the quality of the second-
ary products as inputs in the production processes involved, the consumer response to cir-
cular products, and potential rebound effects can create uncertainty about the impacts of 
the transition to circularity, which results in costs for risk averse participants in the supply 
chain of interest. The more risk averse are the individual decision makers involved and/or 
the greater is the uncertainty surrounding a certain transition to increased circularity, the 
greater are the perceived costs associated with the specific transition.

Additional Revenues from Waste and Byproducts

The recycling and reuse of byproducts and waste in a circular economic system creates 
potential revenues for the producers of these byproducts and waste. The more significant 
these byproducts and waste become in the production of the secondary products, and the 
greater the value of the relevant secondary products in the production processes involved, 
the greater are the additional revenues generated by the transition to a circular economic 
system.

Benefits from Corporate Social Responsibility

Firms have been facing increased pressures and demands from their customers to be 
actively involved in addressing important current and emerging socioeconomic and 

11 In energy economics, the rebound effect refers to the phenomenon when increased efficiency reduces 
the costs and increases the consumption of energy goods, which can offset the environmental benefits of 
increased efficiency and lead to a backfire effect [48, 49]
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environmental challenges even when these challenges are not relevant to the firm’s busi-
ness practices [41–43].12 Given the ability of the CE to address a multitude of these chal-
lenges, the proper management of firms’ involvement in this space can result in increased 
goodwill towards, and public valuation of these firms.

Policy Implications

The economic costs and benefits associated with the transition from a linear to a circu-
lar economic system are important as they will determine the economic incentives for the 
adoption of the methods and processes that this transition requires. While the relevance and 
significance of each of these costs and benefits will vary with the sector and the idiosyn-
crasies of the processes and the products involved, the relationship between the expected 
costs and benefits will determine the success of the transition to circularity. And since there 
is not only one way of transitioning to a circular economic system, the relevant costs and 
benefits will also determine the economically optimal path to circularity for those involved. 
While many participants in the supply channels of interest value the socioeconomic and 
environmental benefits associated with increased circularity (see below), the key objec-
tive of rational firms is the maximization of their profits. In this context, the relationship 
between the economic costs and benefits associated with the transition from a linear to a 
circular economic system is of paramount significance for the successful, effective, and 
efficient transition to increased circularity.

Apparently, when the expected benefits outweigh the expected costs of such transition 
for all relevant parties involved, rational decision makers can be expected to adopt the 
methods and processes required by the CE. No policy action is required in this case as the 
market forces facilitate the socially desirable transition to the CE.

The need for policy intervention will arise, however, when the balance of the expected 
costs and benefits is such that the methods and processes required for the transition to the 
socially desirable circular economic system are not adopted by the relevant supply chain 
participants. This can occur when the expected costs outweigh the expected benefits of 
those involved and/or when the supply chain participants do not consider or internalize the 
socioeconomic and environmental benefits of increased circularity, which creates a differ-
ence between the private and the social benefits of circularity and a market failure to gener-
ate the socially desirable outcome.

Effective policies, in this case, are those that address the source of the problem and change 
the relationship between the expected costs and benefits to induce the desired behavior of the 
relevant parties involved (adoption of the methods and processes that lead to the transition to 
a circular economic system, in our case). In this context, if the problem lied with high costs 
of establishing the CE units and producing the secondary products, the government could 
address it through the provision of subsidies designed to reduce these costs to a level where 
the transition to circularity would become profitable for the decision makers involved. Prop-
erly designed subsidies could also address issues with reduced production or/and reduced 
quality of output due to the use of secondary products, while issues with increased producer 

12 A recent Cone Communications report indicates that 7 in 10 Americans believe companies have an obli-
gation to take action to improve issues that might not be relevant to everyday business operations. In the 
same report, 86% of Americans expect companies to address environmental and societal issues in addition 
to making profits
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uncertainty and/or low consumer valuation of CE products could be addressed through the 
provision of relevant information on the methods, processes, and the benefits of increased 
circularity. Such information could also enhance the producer valuation of the circular eco-
nomic system and reduce an existing discrepancy between the social and private benefits of 
increased circularity (and address the market failure that such discrepancy can create). While 
the policy tools for inducing the desired outcome(s) exist, a clear understanding of the eco-
nomics of the transition to CE in a supply chain is essential for determining whether a policy 
intervention is needed and, if so, what form it should take.

Summary and Concluding Remarks

The transition to a CE is widely regarded as a critical approach to tackling the multi-
faceted challenges associated with population growth, climate change, and the need to 
increase production of food, feed, fiber, and bioenergy while confronting dwindling natural 
resources. This transition has been receiving increasing attention in academic and policy 
making circles with the main focus being on the development of methods and processes 
that enable reduced resource use and waste in economic activity.

While the development of such methods and processes is certainly necessary, it is not 
sufficient for facilitating the successful transition to a more circular economic system. 
Unless the interest groups involved find it optimal to adopt the methods and processes 
required for increased circularity, these methods and processes will not realize their poten-
tial. High costs, adverse impacts on quantity or/and quality of production, uncertainty and/
or a negative consumer response may hinder the adoption of these processes and derail the 
transition to increased circularity.

In this context, an understanding of the economic impacts of circular economic pro-
cesses is of paramount significance for the market acceptance and success of these pro-
cesses. In addition to highlighting the need for an increased emphasis on the economics 
of the CE, this paper develops a general, scalable, and adaptable framework that illustrates 
the transition from a linear to a circular economic system and the key areas affected by this 
transition. The paper also highlights key economic issues that arise and policies that can be 
utilized to address these issues and to facilitate the successful, effective, and efficient tran-
sition to increased circularity.
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