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ABSTRACT

This paper interconnects the literature on circular economy and sustainable finance. 
In addition to describing the reasons behind circular economy projects, this paper 
surveys the literature on financing circularity. The financial industry plays a significant 
and increasing role in promoting sustainability by supporting sustainable investment 
projects. To obtain funds for circular economy projects, sponsors face additional challenges 
due to business and financial complexities inherent to such projects. We characterise 
and describe firms’ reasons for developing circular economy projects as well as how 
these projects are funded by using a clinical study focused on three projects. Extant 
literature presents 3Rs (Reduce, Reuse and Recycle); the reduction of cost and pollution; 
improvement in competitiveness, innovation, and processes; improvement of ESG ratings, 
and enhance reputation. All these reasons are positively correlated and address resource 
scarcity, impact on environment, and economic concerns. Innovative circular projects 
are typically funded via a mix of sustainable equity – venture capital funds, impact 
investors, EU funds – and debt – sustainable bonds (green and ESG bonds) and loans.
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CLIMATE CHANGE is shaping social and business landscapes with signifi-
cant impacts on our society. More specifically, temperatures are rising and 
water shortages are becoming more frequent, resulting in food supplies becom-
ing scarcer, and the gap between rich and poor widening (WBCSD Education, 
2016). Businesses face major problems due to commodity price fluctuations 
and market instability as raw materials become more difficult or expensive to 
obtain. The linear economy, which was effective in generating material wealth 
for industrialised nations up until the 20th century, is showing flaws in the new 
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millennium, and a near-term collapse is predicted (Sariatli, 2017). According to 
the Ellen MacArthur Foundation (2013), the current economic model, as shown 
in Figure 1, has its roots in the historically unequal distribution of income by 
geographic region. Industrialised nations have had an excess of material and 
energy resources mostly because resource consumers have been concentrated in 
the most developed regions, and material inputs have been sourced progressively 
from the global arena. These materials were inexpensive in this arrangement 
when compared to the expense of human labour. As a result, producers have 
been encouraged to establish business models that make great use of resources 
while minimising human labour (Ellen MacArthur Foundation, 2013).

The inevitable result of low-cost materials and high-cost labour is a widespread 
disregard for recycling, reusing, and placing a high value on waste. According to 
the Ellen MacArthur Foundation (2013), regulatory, accounting, and fiscal rules 
have been supportive of this system. The lack of protocols for charging negative 
externalities means that producers have less incentive to examine the external 
costs of their operations.

Figure 1 
Resource flow in a linear economy

Source: Export Leadership Forum (2015)

However, governments, investors, businesses, and civil society are increasingly 
interested in sustainability and the circular economy. To the benefit of present and 
future generations, sustainability envisions a balanced integration of economic 
performance, social inclusion, and environmental resilience (Geissdoerfer et al., 
2017). To respond to the imminent risks and possibilities provided by these chal-
lenges, businesses must adapt and innovate. Under this framework, the circular 
economy emerged as an umbrella concept in the 2010s (Blomsma and Brennan, 
2017), advocating for a more resource-effective and efficient economic system by 
restricting, slowing, closing materials and energy flows (Bocken et al., 2016; Ellen 
MacArthur Foundation, 2015). As pointed out by the Ellen MacArthur Foundation 
(2015a), the circular economy approach has the potential to generate significant 
economic, social, and environmental benefits. The more an industrial organisation 
reuses and recycles its waste, the closer it gets to the circular economy model, 
becoming more profitable (Lancaster, 2002) and environmentally friendly. Figure 
2 exhibits the resource movement in a circular economy framework.
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Figure 2 
Resource flow in a circular economy

Source: Bortolotti (2015)

According to ING Bank (2015), firms are looking for opportunities within the 
circular economy or partnering with other firms that have moved towards this 
movement to increase their market value. Financing these projects is challenging. 
New technology and business models are frequently untested and sophisticated, 
relying on unstable supply chains, and operating in volatile markets (Goovaerts et 
al., 2018). Furthermore, circular economy projects frequently involve small sub-in-
vestment grade promoters who have little collateral or physical assets to provide 
to financiers. Therefore, sponsors frequently experience limited access to funding 
or higher costs of capital due to the increased market and credit risks involved 
(Goovaerts et al., 2018). According to EIB (2015), there is a danger of a sluggish 
transition and significant opportunity costs on access-to-finance conditions for cir-
cular economy initiatives. As a result, policy intervention and support in the form 
of innovative funding and financing instruments are critical.

Under this framework, this study emerges as a clinical study, by examining 
three relevant case studies, with the purpose of identifying the instruments and 
methods for financing circular economy projects and, ultimately, thereasons and 
the advantages that lead to the development of these projects.

The remainder of the paper is organised as follows. Section 2 reviews extant 
empirical literature. Research questions, methodology and the importance of 
clinical studies are presented in Section 3. Section 4 provides the data regard-
ing the three case studies, more specifically: description, financing instruments, 
development, potential, patents, and implementation. The reasons behind the 
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implementation of the three selected circular economy projects are presented in 
Section 5, while Section 6 concludes this study.

I. Literature Review

A. From a linear to a circular economy
Natural resources on planet earth are limited. The rate at which we use these 
has long been noted as unsustainable (Malthus, 1798; Green, 1894; Meadows et 
al., 1972; Behrens et al., 2007). At the same time, a growing world population 
requires an increase in the production of goods and services. To achieve sustain-
ability, society needs to dramatically reduce its use of natural resources (Com-
moner, 1972; Myers and Kent, 2003; Cumming and Cramon-Taubadel, 2018). 
As society moves towards strategies of sustainable development, debates have 
emerged on how resources can be used more efficiently (Daly, 1990).

A stream of literature focuses on how to achieve a circular economy (Pearce 
and Turner, 1990). Based on the work of Leontief (1991), the underpinning idea 
is to repeatedly use the same resources in a loop, decoupling precious stocks 
of virgin resources from economic activity. In this approach to sustainability, 
the key driver is that more sustainable living at the societal level can only 
occur when organisations use resources more efficiently (Figge et al., 2018). 
According to the United Nations Environment Programme (2012), in the cir-
cular economy, nutrients and material resources circulate and remain within 
biospheres and product systems. In addition, a wide variety of metrics has 
emerged aiming at capturing the extent of firms’ contributions to a more circu-
lar economy. Common to most indicators is the assumption that the efficiency 
of a resource can be measured by the number of times it is used, i.e., its circu-
larity (Figge et al., 2018). Contrarily, Franklin-Johnson et al. (2016) propose a 
different approach and emphasise the length of time a resource is in use, i.e., 
its longevity. Based on empirical evidence, the Ellen MacArthur Foundation 
(2013), Murray et al. (2015), and Wijkman and Skanberg (2015) point out that 
the circular economy fits into three spheres of sustainable development, as it is 
a system that replenishes resources needed for manufacturing, while promis-
ing opportunities for economic development. In turn, it will improve the quality 
of life.

According to Murray et al. (2015), the main features that make the circu-
lar economy stand out in the achievement of sustainability goals are the closed 
material loops and the design of products with the possibility of reusing them. In 
1987, the Brundtland Commission2 called for the creation of new ways to assess 
progress towards sustainable development, resulting in the emergence of a 
wide variety of sustainable development indicators advanced by academics, 

2  It is also known as the UN Special Commission on the Environment at the United Nations. 
The purpose of this Commission was to help nations to achieve the goal of sustainable development 
(Kono, 2014).



Financing Circular Economy Projects: A Clinical Study 77

companies, environmental agencies, and governmental organisations (Hardi & 
Zdan, 1997; Michalos, 2014). Currently, the implementation of circular economy 
practices appears as a timely, relevant, and practical option to meet the Sustain-
able Development Goals (SDGs). In fact, as Hicks et al. (2005) and Schroeder 
et al. (2019) show, the implementation of circular economy approaches can be 
applied as a “toolbox” for achieving Sustainable Development targets.

The circular economy paradigm is extensively explored by institutions as a 
potential path to increase the sustainability of our economic system (Elia et al., 
2017). Su et al. (2013) argue that the circular economy is based on the 3R prin-
ciples, namely reducing, reusing, and recycling. Reducing refers to decreasing 
consumption of resources and generation of pollutants (Su et al., 2013). Reusing 
means utilising resources as many times as possible or in diverse ways (Brunori 
et al., 2005), and recycling is the process of turning end-of-life products into 
renewable energy or resources, allowing them to enter a new product life cycle 
(Hicks et al., 2005).

There is a general agreement that the objective of circular economy projects is 
to reduce harm to the environment and to close the loop of the product lifecycle 
(Ellen MacArthur Foundation, 2013; EU Commission, 2014; Prieto-Sandoval et 
al., 2018). In addition, Scheel (2016) argues that it will also deliver valuable prod-
ucts to others from redesigned waste, and that aims to create a new relationship 
with goods and materials, a relationship that saves resources, energy and creates 
local jobs (Stahel, 2016). Corporates and financial institutions actively search for 
their role in the circular economy not only because it is a growing market, but 
as it is also stimulated by technological innovation, increasing resource produc-
tivity (Manyika et al., 2013; Ellen MacArthur Foundation, 2012). Additionally, it 
addresses the sustainability targets of many banks, as they recognise opportuni-
ties directly linked to clients who are leading in sustainability, as they are typi-
cally more innovative, have better financial performance and credit rating (ING, 
2015). Moreover, investors are more aware of linear risks and circular opportuni-
ties, as the current linear model exposes companies and prevents investors from 
achieving sustainable value creation. These companies are under pressure from 
global trends such as resource scarcity, environmental uncertainty, tightening 
regulations, and disruptive new businesses and technologies.

As a result, investment in these companies is very exposed to linear risks (Cir-
cle Economy, 2017). As Ueda (2019) mentions, there are large business opportu-
nities in the circular economy, and funding those activities should be attractive 
to the financial sector. On the one hand, the finance industry, as Schomaker 
(2019) refers, has a crucial role to play in promoting sustainability and is already 
showing significant leadership. On the other hand, and according to the Euro-
pean Commission (2019), both companies and the financial sector see each other 
as responsible for failing to fulfil their responsibilities on sustainable and regen-
erative matters. In addition, prices and accounting rules that create adverse 
incentives need to be addressed. Furthermore, tools and procedures that help 
investors and lenders evaluate risks associated with linear and circular busi-
ness practices are required and should be improved (Schomaker, 2019).
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B. The circular economy and sustainable finance
The anticipated shortages of virgin materials are one of the major challenges to 
the economy. Pearce and Turner (1989) first proposed the concept of the circular 
economy in 1989. They argue that a traditional open-ended economy was created 
without a built-in desire to recycle, as seen by the environment being treated 
as a waste reservoir. However, it was the Ellen MacArthur Foundation (2012) 
that brought the circular economy to the attention of the public. While this was 
primarily a scientific argument for decades, the foundation elevated the issue 
to the level of politicians and business leaders by making it a vital economic 
concern and tying it to company executives. The transition to a circular economy 
requires a significant shift in how we generate and consume goods (European 
Commission, 2019). As pointed out by Planing (2015), transitioning from a linear 
to a circular economy requires four constituents, namely: (i) materials and prod-
uct design, (ii) business models, (iii) global reverse networks, and (iv) enabling 
conditions.

Business models, economic systems, policymakers and regulators, and finan-
cial institutions are the main actors of this transition to a more circular economy 
(European Commission, 2019). This transition is inevitable, as the world popu-
lation increases in a context of limited natural resources. This will imply new 
business and employment opportunities. However, considerable barriers exist to 
a widespread adoption of more circular practices, including economic incentives, 
accounting rules, and regulation that often favour conventional linear solutions 
and business models (EU Commission and Ministry of Environment of Japan, 
2019). According to Rhode (2017), transitioning towards a greener and more 
resilient economy requires massive public and private investment. Under this 
framework, finance has to facilitate the shift to a circular economy, more specif-
ically, by providing resources for circular investments, insurance products suita-
ble for circular practices, such as leasing and sharing, and developing rating sys-
tems and information disclosure requirements that help improve transparency 
around sustainability-related business risks (EU Commission and Ministry of 
Environment of Japan, 2019).

Sustainable finance has carried out significant work on how to assess and 
communicate risks related to climate change (Soppe, 2004; Haigh, 2012; Schoen-
maker and Schramade, 2019; Coleton et al., 2020). Consequently, the industry 
has developed knowledge and scenario analysis tools, gained experience in work-
ing with natural science data, and this will facilitate the understanding of how 
to address sustainability issues in a holistic manner. There are strong linkages 
between climate change mitigation and the circular economy, which can help 
to stimulate investments in circularity. As pointed out by the EU Commission 
and the Ministry of Environment of Japan (2019), “the transition to a circular 
economy requires the contribution of all groups in society”. In the future, sus-
tainable investments must evolve from a niche to a mass market that integrates 
sustainability into business models and culture, with an eye towards 2030 and 
beyond. To do so, the market must address greenwashing, SDG washing concerns 
and its geographic imbalance. The transition must be sped up with effective 
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coordination and monitoring of their activities (United Nations Conference on 
Trade and Development, 2021).

C. Financing circularity
A successful transition to a circular economy requires specialised policies and 
investment (Wijkman and Skånberg, 2015). Until recently, contributions from 
banking and other financial institutions towards the push for sustainability 
have never been valued (Alfredsson and Wijkman, 2014) in comparison to sup-
ply chain management concerns in sustainable manufacturing. The European 
Commission (2019) argues that a significant increase in demand for funding to 
support circular economy businesses and products will be required to make an 
effective transition. The volume of “circular finance” is insufficient to sustain a 
shift in how material value is captured and preserved. 

Companies with circular economy business models and products need to be 
able to obtain funds to scale up their operations to shift value chains. Since 
the transition must be a systematic shift, access to funding must be provided 
across all industries (European Commission, 2019). According to Rizos et al. 
(2015), small and medium-sized enterprises (SMEs) face difficulties in obtaining 
financing as financial institutions frequently consider SMEs as having higher 
risk. In addition, even if SMEs are successful in convincing a bank to lend them 
money, obtaining the collateral/guarantees required by the bank may also be 
challenging (Acheampong, 2016).

Companies can obtain funds from both external and internal sources of financ-
ing (Brealey et al., 2001; Zimmerer et al., 2002; Mikócziová, 2010). Zimmerer et 
al., (2002) indicate that understanding and selecting the right form of finance 
for a company is crucial to its success. Information asymmetry is particularly 
severe in new firms and developing businesses (Mikócziová, 2010). As mentioned 
by the European Investment Bank Report (2015), the existing financial instru-
ments offered by public and commercial actors can present significant possibil-
ities for entrepreneurs who want to invest in setting-up or altering their opera-
tions towards circular principles. Table 1 provides an overview of the financing 
instruments that can be used to fund circular business models (ING, 2015). The 
first column lists the various financing players, while the second and third col-
umns describe the products they provide and how they can be utilised to finance 
circular projects. To obtain the target combination of both internal and external 
funding, a combination of financing instruments is frequently required. Despite 
all these financing possibilities, one of the major barriers to the adoption of cir-
cular projects is the lack of finance available on acceptable terms (Goovaerts and 
Verbeek, 2018). These types of companies or projects are more complex, result-
ing in higher risks than typical investment deals. Therefore, innovative circular 
projects are externally funded via venture capital funds, impact investors, EU 
funds (Goovaerts and Verbeek, 2018), sustainable loans and bonds. The latter 
can be ESG (sustainability and social impact bonds) and green bonds (Tang and 
Zhang, 2020; Flammer, 2021).
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Table 1 
Supply and demand for financing circular business models

Bank Finance

Corporate Debt Traditional corporate financing with corporate 
guarantees to finance circular companies.

Lease 

Can be used in pay-per-use business strategies. 
Creditworthy clientele and products with 
predictable residual values in second hand 
marketplaces are eligible.

Factoring and Supply 
Chain Finance

Can overcome the pre-financing problem 
associated with pay-per-use revenue models by 
selling uncertain future cash flows to a financial 
institution.

Project Finance Large stand-alone circular projects may be eligible 
for funding via non or limited recourse debt.

Balance sheet reduction 
through off-balance-sheet 
financing

The issue of other off-balance-sheet special 
purpose entities can be addressed.

Capital 
Markets

Equity Finance (e.g., IPO) Valuable sources of financing for predominantly 
larger and more established circular companies 
that fulfil the capital market’s requirements and 
specifications.

Debt Finance: Green 
Bonds

Impact 
Investors

Most circular firms are still in the early stages of 
development, are not profitable, or lack a track 
record. As they have a longer-term vision, more 
‘patient’ investors, and a risk/return that is less 
linked, non-commercial finance can bridge the gap 
from pilot to growth stage.

Venture 
Capital, Private 
Equity, Family 
Offices

Many start-up companies in the circular economy 
rely on this form of funding. Their requirement for 
rapid growth and payback periods, on the other hand, 
may limit their suitability for circular businesses.

Near Banks 
like Google, 
Apple, Amazon, 
etc.

Provide additional payment options and perhaps 
working capital solutions.

Crowdfunding
Peer2Peer Lending Source of funding for circular companies that 

involve the (local) community or are founded on 
crowd-pleasing ideas.Equity Investment

Source: Adapted from ING (2015)

II. Research Questions and Methodology

A. Research questions
This study aims to contribute to the research avenue on the financing of circular 
economy projects, essentially by trying to fulfil the gaps regarding the methods 
and instruments used to finance these projects. This contribution is based on a 
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clinical study methodology, which will be focused on three clinical case studies 
(Jensen et al., 1989). 

As discussed in the literature review, there are a variety of reasons that, indi-
vidually or collectively, motivate firms and institutions to implement and finance 
circular investment projects. Analysing each of the case studies, in terms of their 
characteristics, objectives, potential impact, sustainable and economic financial 
terms, allows for a better understanding of the factors that lead to the develop-
ment of circular economy projects and determine which financing methods are 
employed to achieve this goal. Based on extant theoretical and empirical litera-
ture, we raised the following research questions:

1. What are the main reasons underlying the development of projects in a 
circular economy?
2. What are the financing instruments used to enable the implementation of 
such projects, from start-up to market launch?

Ultimately, this research will contribute to the discussion on the drivers/rea-
sons, methods and instruments used to finance circular projects, which allows 
the transition from a linear to a circular economy to be fostered.

B. A clinical study approach
We use a qualitative approach as the main method to study how finance 
supports circular projects. A qualitative case study approach is a research 
methodology focused on the exploration of a phenomenon within some particu-
lar context through various data sources, and it undertakes the exploration 
through a variety of lenses in order to reveal multiple facets of that phenome-
non (Baxter and Jack, 2008). The lack of research on how projects belonging to 
the circular economy are financed and the challenges they face supports our 
analysis. We use an exploratory examination and inductive approach, aiming 
to identify the reasons behind the implementation of three relevant projects 
– the case studies – in a circular economy, and how these projects are (or will 
be) financed. 

In corporate finance, clinical studies were discussed initially by Jensen et al. 
(1989) in the editorial of the Journal of Financial Economics, as well as their 
role in the development of financial economics. The first set of papers in the new 
Clinical Papers section appeared in the same issue of the Journal of Financial 
Economics with the goal of offering a high-quality forum for academic research 
into particular cases, events, practices, and specific applications. Clinical stud-
ies stand as an essential method of study as they provide insights into the world, 
challenge accepted theories, and use distinctive sources of data. These papers, 
like some of the medical literature from which the term “clinical” is derived, 
will frequently deal with single cases or a small number of cases of particular 
interest. Jensen et al. (1989) expected “new high-quality empirical and theo-
retical research to emerge as a result of these clinical studies.” This result can 
help theorists and empiricists arrive at empirically relevant imperfect market 
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theories by providing an in-depth examination of a phenomenon’s key aspects 
(Kenton, 2020). 

The roles and operations of financial institutions are changing dramatically 
as new products and practices emerge on a regular basis. As these changes imply 
new problems of theoretical interest, new strategies to communicate these fas-
cinating changes to the scientific community are necessary. Clinical papers, 
which are mostly based on real-life occurrences, can help in the discovery and 
communication process, as well as in the advancement of financial science. As 
pointed out by Jensen et al., (1989), “clinical studies, as a result, assist in the 
planning of both theoretical and empirical research”. These papers typically 
focus on descriptive and normative subjects rather than quantitative ones. The 
announcement of the “Corporate Governance Clinical Paper Competition”, devel-
oped by the European Corporate Governance Institute in collaboration with the 
Journal of Financial Economics, the Swedish Center for Business and Policy 
Studies, and the Jan Wallander and Tom Hedelius Research Foundation,3 is 
another argument in favor of the intention to develop this type of research meth-
odology. Its main goal was to promote the development of clinical studies on 
cases of corporate governance in Europe that would allow researchers to better 
understand the complexities of companies and their behaviour, something that 
is often impossible to achieve using “traditional” methods (formal models and 
econometric analyses/statistics). Clinical studies such as those by McConnell 
and Schwartz (1992), Esty (1999), Rommens et al. (2003) and Mills (2005) exam-
ine concrete examples in relation to a specific theoretical question. Despite this, 
certain clinical studies look at a group of cases and use analyses that are more 
similar to those used in empirical studies. Bortolotti et al. (2001), Buysschaert et 
al. (2004) and Dissanaike and Papazian (2005) are some examples of this type of 
research methodology.

III. Financing Circular Economy Projects

According to the European Commission (2019), the existing financing instru-
ments from public and private lenders open a world of possibilities for entre-
preneurs who want to start a circular firm. While large businesses can gener-
ally fund the circular shift internally through internal cash flows, young and 
fast-growing businesses are sometimes dependent on external capital to grow. 
Today’s taxation is mostly based on labour income, penalising labour as a “renew-
able factor input” above material and non-renewable inputs. The Ellen MacAr-
thur Foundation (2012) argues that shifting the tax burden away from labour 
and income and onto non-renewable resources is crucial. Individual companies 

3 Jan Wallander and Tom Hedelius Research Foundation was designed to aid social scientific 
research, particularly in the fields of economic history, economic geography, business economics, 
economics, and econometrics (University of Boras, 2022).



Financing Circular Economy Projects: A Clinical Study 83

and groups of companies will require not only assistance with ownership transi-
tions, but also funds for research and development and new technologies.

The financial sector plays an essential role in the circular economy, both in 
a transition and a steady state. Circular businesses or projects are inherently 
more complex, resulting in more risks than traditional investment deals. Thus, 
as in Uzsoki (2020), to solve the world’s multiple sustainability concerns, new 
financial instruments are required. On the one hand, they are critical for invest-
ments that would otherwise have a poor risk-reward profile, but are expected 
to have a significant ESG impact. On the other hand, as sustainable investing 
becomes more popular, it is essential that participants in the financial markets 
have a variety of investment options. We analyse three important circular pro-
jects in terms of their characterisation, objectives, financing instruments used, 
patents, and institutions involved.

A. The Extraction of Bromelain from Pineapple
This first project consists of a method for extracting an enzyme denominated bro-
melain (BR) from pineapple waste to use in new products for people and animals. 
This enzyme can be found in vegetable tissues such as the peel, stem, fruit, and 
leaves of the Bromeliaceous family, including the pineapple stem. In addition, this 
enzyme is used in a variety of industries, including food and pharmaceuticals. 
In the food industry, BR is utilised as a meat tenderising enzyme, but it is also 
employed in brewing and as a functional protein in pre-digestion and digestive 
aids. It is important to emphasise that only natural substances are used in the 
technology (biological precipitants). Funds for this project were obtained from a 
PhD Scholarship, financed by the “Fundação para a Ciência e Tecnologia” (FCT). 
In the following table, the instruments, financing, and institution data is provided:

Table 2 
Financing and Funds – The Extraction of Bromelain from Pineapple

Technology Financing Instrument and 
Funds Institution(s)

Bromelain PhD 
Scholarship 67,800 € – 100% Catholic University of Portugal – Faculty 

of Biotechnology (UCP-FB)

This project is currently at a laboratory prototype stage and a spin-off4 has 
been created to commercialise the technology or to install equipment for the 
execution of the technology. In terms of the patents, the bromelain patent has 
already been granted at European level by the European Patent Office (EPO),5 

4 Separation of a company’s businesses through the formation of one or more distinct companies 
(Ostling et al., 2016)

5 Reviews European patent applications, allowing inventors, researchers, and companies from 
all over the world to obtain protection for their inventions in up to 44 countries via a centralised and 
uniform process (European Patent Office, 2021).
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and in some countries in Asia. There is the expectation that between 2023 
and 2025, the technology will be implemented. The development of the project, 
namely its scaling-up, is dependent on the entry of a venture capital fund into 
the new company to be created via project finance and the ability to attract bank 
financing. Finally, the submission of an application for European funds may be 
crucial to its development.

B. The Extraction of Keratin from Pig’s Hair
This project consists of a more simplistic method of extracting keratin from pig’s 
hair by utilising a commercial detergent for digestion followed by ultrafiltra-
tion, making this a simple, low-cost, and ecologically friendly process. Pig farm-
ing is a huge global industry that produces several by-products that pollute the 
environment. Pig hair is an example of a by-product from slaughterhouses. Pig 
dehairing uses a lot of water and produces wastewater with a lot of organic mat-
ter, fat, and dirt. As a result, hair is a waste product that should be managed 
to maximise its re-use and value. Hair is now utilised in a variety of products, 
including brushes, felt, rugs, upholstery, plaster binding, insulation, and glue. 
Keratin, which is found in wool, feathers, and other keratinous substances and 
makes up around 80% of hair, is one of the most important components. The 
extraction of keratin from human hair has been described in several pieces of 
research. However, limited research has been carried out on extracting keratin 
from pig hair. Nonetheless, existing approaches are related to several issues, 
including pollution, high costs, and time consumption. This project was com-
pletely financed by funds from COMPETE2020.6 Table 3 provides the financing 
instrument, funds, and institutions responsible for the development and imple-
mentation of this technology.

Table 3 
Financing and Funds – Keratin from Pig’s Hair

Technology Financing Instrument and Funds Institution(s)

Keratin  Funds from 
COMPETE2020 33,000 € – 100% UCP-FB, Riopele, CENTI, CITEVE

This Project is one step ahead, as the process was scaled up using 15 kg of 
raw material (pig hair residues). This process was carried out in two phases. 
The first phase took place at the Faculty of Biotechnology (CBQF), where the fat 
from the pig’s hair was removed with Mistolin. The second phase took place at 
the Polytechnic Institute of Coimbra, at the Agrarian School, where the keratin 
was separated from the rest. The patent has not been granted yet. Despite this, 
the technology is being evaluated by the EPO. Contact with an Italian company 
that uses keratin as a fundamental input in its production process has been 
made, with the aim of acquiring further knowledge. By 2023 the technology will 
be licensed and then commercialised.

6 Developed in line with the main national and European strategic guidelines, the 
Competitiveness, and Internationalization Operational Programme (COMPETE 2020) mobilises 
the European Structural and Investment Funds for the period 2014-20 within the scope of the 
“Competitiveness and Internationalization” domain of Portugal 2020 (COMPETE 2020, 2015).
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C. Extraction of Peptides from Algae and Microalgae
This project consists of an optimised method to extract a greater amount of protein 
content and high nutrient digestibility to be used as a food ingredient and/or feed 
farmed fish and shellfish species, in comparison with the existing approaches. 
This leads to the creation of higher-value seafood products as well as more sus-
tainable and efficient food chains. Microalgae, often known as seaweed, are uni-
cellular organisms that exist individually, in chains, or in groups. They can be 
produced without wasting vital resources like freshwater or arable land, and all 
they require is sunlight for energy. Working with microalgae also has the advan-
tage of rapid growth, since they can double in size in, approximately, less than 
a day. Microalgae contain proteins that have promising properties in a variety 
of fields, including cosmetics, food supplements, and health, and can be found in 
commercial products. Microalgae proteins boost dietary benefits and can also be 
used as a food preservative in food supplements. Finally, significant research has 
been carried out so far, particularly in cosmetics and food goods, but bioactive pep-
tides found in these algae can still introduce additional benefits. Therefore, recent 
research is focusing on the antioxidant, anti-inflammatory, anti-hypertensive, 
and anti-diabetic properties of bioactive microalgae to discover and create even 
more benefits. The first phase of this project was financed by funds from COM-
PETE2020 and the Center of Biotechnology and Fine Chemistry of the Catholic 
University of Portugal (CBQF). More specifically, 75% of the funds were financed 
by COMPETE2020, and the remaining 25% by CBQF. The following table pro-
vides the financing, funds and the institutions related to this project.

Table 4 
Financing and Funds – Peptides from Algae and Microalgae

Technology Financing Instrument and Funds Institution(s)

Algae and 
Microalgae

Funds from 
COMPETE 2020 35,000 € – 75% UCP-FB, SONAE MC and other(s)

This project is at a laboratory prototype stage and the patent has been granted. 
The process of obtaining funding for the scaling-up of the project has already 
begun. It will be implemented via project finance, with project sponsors provid-
ing equity, together with a venture capital fund, and about 70% of the funding 
will be obtained via bank syndicated loans.

D. Development and Implementation
These projects are innovative, disruptive and have the potential to reach the 
industrialisation stage and, subsequently, be commercialised. To reach indus-
trial and commercial levels, the following stages will require more financial 
funds, and this needs to be assessed and measured by institutions. To gather 
these funds, a variety of more complex financial instruments should be used, as 
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well as the presence and participation of key players. Another relevant aspect of 
these projects is the markets that they will reach if they fulfil their potential. 
All of them will be implemented in the cosmetic sector. However, individually, 
the extraction of bromelain from pineapple and pineapple peels and steams will 
reach the pharmaceutical and nutraceuticals fields. The keratin project will be 
present in the biomedical and chemical aquaculture fields, and the algae tech-
nology will reach the chemical aquaculture and the food industry. To have a 
clear picture of the dimension of these relevant sectors, Table 5 provides data of 
the market size. All industries are already quite relevant in terms of their global 
economic impact. This is seen by the market size of the industries, with the food 
and pharmaceutical industries showing higher market sizes. 

Table 5 
Market size of the different fields

Industries / Fields / Markets Market Size (in USD $ Millions) – 2020

Aquaculture 202,960

Cosmetic 277,670

Food 7,706,412

Medical 456,900

Nutraceuticals 413,000

Pharmaceutical 1,265,200

Source: Data collected from Grand View Research

IV. The Reasons behind Circular Economy Projects

In an effort to address resource scarcity, impact on the environment, and eco-
nomic concerns, governments, companies, and societies worldwide are actively 
promoting the circular economy concept. Under this framework, this chapter 
discusses the main advantages regarding the development of circular economy 
projects. Appendix A shows the correspondence between extant theoretical and 
empirical literature and the reasons behind circular economy projects.

A. 3Rs – Reduce, Reuse and Recycle
The imperatives of reducing, reusing, recycling, and recovering, which are 
widely accepted as pillars of the circular economy, are used to extend the use-
ful lifetime of materials (Kirchherr et al., 2017). In other words, materials 
and resources must be used for as long as possible in the economy, extending 
their lifespan and reducing waste. Recycling is one method of reusing goods 
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and thereby reducing primary resource extraction. This concept has prompted 
research on the drivers and constraints to waste generation (reduce and reuse 
implications) and/or recycling (Soukiazis and Proença, 2020; Valenzuela-Levi, 
2019).

The circular economy is defined by the 3Rs: reduce, reuse, and recycle (Pres-
ton, 2012; Lieder and Rashid, 2015; Murray et al., 2015; Jawahir and Bradley, 
2016). According to McDonough and Braungart (2010), during the 1920s, the 
basic notion of reducing was using fewer resources to produce the same amount 
of output. However, in the 1980s, within eco-efficiency circles, reducing also 
meant limiting pollution, emissions, and waste. Manufacturers had historically 
been held responsible for reducing emissions and resource usage (Stahel, 1982). 
In the past, products were considered as reused when they were donated to char-
ity organisations as gifts to the less fortunate in society. Today, consumers pur-
chase at second-hand stores to contribute to a more sustainable world (Morgan 
and Mitchell, 2015). 

Recycling is the process of converting materials and products that have been 
discarded as garbage into new items (Jawahir and Bradley, 2016). In addition, 
as Morgan and Mitchell (2015) point out, closed-loop recycling (manufacturing 
new products from waste without changing the original content of the material 
used) and open-loop recycling (manufacturing new products from waste with-
out changing the original composition of the material used) are two types of 
recycling (manufacturing new products which are lower in quality because the 
materials lose their original composition). Open-loop recycling is a fairly com-
mon practice. It raises concerns because products are not developed to be easily 
reused or recycled, and recycling items costs so much money and energy due to 
their material composition (McDonough and Braungart, 2010; Ellen MacArthur 
Foundation, 2013). When the products being recycled are valuable and there are 
procedures in place for their simple collection and reprocessing, recycling is eco-
nomically profitable (Narayan, 2001).

Improving the recovery and recycling of critical raw materials7 could provide 
major benefits to the EU, such as reducing reliance on third-country imports 
(European Parliament, 2011). In addition, the use of recycled materials may 
alter demand patterns for primary materials, resulting in less primary mate-
rial extraction. According to WBCSD Education (2016), companies could apply 
the 3Rs principle to waste streams and extract value from them. All material 
streams could be perceived as vital resources that should be implemented to 
their highest potential. With this approach, the company’s waste value chain 
could be converted into a positive spiral of value. The 3Rs are completely embed-
ded in the clinical studies previously analysed.

7 Critical raw materials are those with high economic value and a high risk of supply scarcity 
(European Comission, 2014).
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B. Reduction of Pollution
The circular economy model strives to achieve production and consumption sus-
tainability by using closed cycles (closed loops) for regeneration and restoration, 
as well as a combination of maintenance, repair, reuse, renovation, remanufac-
turing, and recycling activities (Bocken et al., 2014; Hazen et al., 2017; Perey et 
al., 2018). This occurs due to more efficient resource use and reuse, as well as 
reduced overall resource inputs, energy, emissions, and waste leakage, which 
could reduce negative environmental consequences without sacrificing growth 
and prosperity, all while improving the economy, environment, and the balance 
in society(Kiefer et al., 2019; Geissdoerfer et al., 2018; Manninen et al., 2018). 
Geissdoerfer et al. (2017) refer that closing material loops in industrial ecosys-
tems helps ensure that resources are used continuously. Long-term design, pro-
active maintenance, recycling, repairing, refurbishment, and remanufacturing 
can all contribute. As a result, the circular economy model is an economic system 
of resource recycling and reuse in which element reduction is critical; that is, 
decreasing output to a minimal level and opting for reutilisation of elements that 
cannot be returned to the environment due to their properties (Geissdoerfer et 
al., 2017).

As previously stated, the goal of this type of closed-loop cyclic system is to 
eliminate waste by converting end-of-life goods into resources for new ones 
(Stahel 2016). The fundamental redesign of materials, products, and value cre-
ation processes should dramatically reduce the negative environmental effects 
of emissions and resource waste that naturally accompany the use of physical 
goods by optimising the efficient use of resources (Cheng and Shiu, 2012; Rosa 
et al., 2019). Several pieces of research on the environmental impacts of the cir-
cular economy or resource efficiency are available in the literature. One example 
of that research was developed by Cambridge Econometrics & BIO Intelligence 
Service (2014), in which they examine the impact of resource productivity tar-
gets at the EU level. According to the study, increasing the EU’s resource produc-
tivity by 3% would result in a 25% reduction in GHG emissions by 2030. Another 
study carried out by Lawton et al. (2013) estimates the environmental benefits 
of material savings in the food and beverage, manufacturing, fabricated metal 
products, hospitality and food services sectors for the European Commission. 
According to the study, boosting resource efficiency in the studied sectors can 
result in a 2-4 percent reduction in total yearly GHG emissions in the EU. The 
Ellen MacArthur Foundation (2015b) has also conducted an analysis of envi-
ronmental benefits for Denmark. According to the study, Denmark’s carbon 
footprint can be reduced by 3-78 percent by implementing a circular economy 
strategy. Furthermore, by 2035, the study predicted a 5–50 percent reduction in 
virgin resource consumption. Again, the reduction of pollution is also achieved 
with the three cases discussed previously.

8 This reduction is determined by the “change in worldwide carbon emissions divided by 
‘business as usual’ Denmark carbon emissions” (Ellen MacArthur Foundation, 2015, p. 26).
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C.Improvement in Competitiveness, Innovation and Processes
Circular economy principles frequently require new visions and strategies, as 
well as a fundamental redesign of product conceptions, service offerings, and 
channels to achieve long-term solutions (Lewandowski, 2016). This aligns with 
a re-evaluation of suppliers and partners, as well as value chains that priori-
tise long-term efficiency above short-term efficiency (Geissdoerfer et al., 2018). 
Improvement of companies’ competitiveness, innovation and their processes are 
dependent on their dynamic capabilities. More specifically, the companies’ abil-
ity to change their own capabilities, for instance by developing additional prod-
ucts, in response to changes in the external environment (Zahra et al., 2006). 
Dynamic capabilities include not only capabilities but also the processes and 
routines of businesses (Barreto, 2010). This implies that the creation and devel-
opment of circular economy skills constitute an example of the development of 
the dynamic capabilities of organisations (Aragon-Correa and Sharma, 2003; 
Bag et al., 2019; Khan et al., 2020; Russo, 2009; Amui et al., 2017; Scarpellini, 
2020). Circular economy and environmental management require the integra-
tion of a variety of resources and competencies, such as information systems, 
technological systems, and tacit knowledge. Furthermore, increasing consumer 
pressure for environmental responsibility has driven companies to improve their 
responsiveness, flexibility, and ability to change rapidly. Finally, duties that 
characterise the circular economy and environmental management include path 
dependencies and continuous improvement (Russo, 2009; Scarpellini, 2020; Zhu 
et al., 2013).

Higher rates of technology development, improved materials, labour, 
energy efficiency, and more profit opportunities for firms are all advantages 
of a more innovative economy (Ellen MacArthur Foundation, 2013). Proactive 
environmental initiatives, such as the development of circular economy mod-
els, are dynamic capabilities linked to product and process focused practices 
(Aragon-Correa and Sharma, 2003). Product-focused practices refer to the 
development of circular economy compliant products (Zucchella and Previtali, 
2019; Reike et al., 2018; Bocken et al., 2016; Katz-Gerro and Lopez Sintas, 
2019; Lewandowski, 2016).

Circularity can be achieved through product life extension practices, which 
involve a greater focus on the design phase of the product life cycle (Bocken et al., 
2016). This means that products and components are created with the purpose of 
long-term durability and life spans in mind. As the Ellen MacArthur Foundation 
(2012) refers, beyond the implications of circularity on specific sectors, any gain 
in material productivity is expected to have a significant positive impact on eco-
nomic development. Circularity has proven to be a promising new frame capable 
of stimulating creative solutions and increasing innovation rates, as shown in 
the three clinical studies presented in chapter III.

D. Improvement of the ESG Ratings
Long discussions have erupted over how ESG factors influence a business’s eco-
nomic and financial performance, and ultimately its market value. Investing in 
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socially responsible aspects, according to the traditional neoclassical concept, 
incurs additional costs for companies (Palmer et al., 1995), and is often regarded 
as a negative factor for economic performance, as the firm’s competitiveness may 
be harmed (Baumol and Blackman, 1991). Using ESG criteria in investment 
decision-making has become increasingly significant, particularly for high-pro-
file institutional investors (Cornell et al., 2020). According to Fish et al. (2019), 
global sustainable assets under management were around $30 trillion in 2019. 
In recent years, societal expectations have shifted to the point where a com-
pany that solely aims to maximise shareholder value or concentrates on short-
term profits risks losing touch with its consumers and stakeholders over time. 
Companies must now recognise and address their responsibilities to the world 
and its resources through the lens of business risk. Transparency, accounta-
bility, and sustainability of corporate processes are being improved all around 
the world (World Travel and Tourism Council, 2017). According to the Ellen 
MacArthur Foundation (2020), the circular economy helps to address many 
other environmental challenges, including biodiversity loss, societal depletion, 
natural resource scarcity, pollution, water contamination, and waste, in addition 
to addressing both the causes and impacts of climate change. Using a circu-
lar economy lens can also help achieve goals relating to social and governance 
issues, such as local job creation, upskilling opportunities, addressing economic 
injustice and value allocation, and supply chain transparency. Many researchers 
have highlighted and recorded the impact of governance on a company’s mar-
ket value, with research findings indicating that there is a positive causal link 
between good corporate governance and a company’s market value (Brown and 
Caylor, 2006; Bebchuk and Cohen, 2005; Gompers et al., 2003). According to 
Bassen and Kovacs (2008), ESG indicators are crucial in obtaining additional 
information about a company’s performance that is not included in accounting 
data. They define ESG as non-financial information regarding a company’s per-
formance and challenges related to ESG issues, which provides additional rele-
vant data and allows investors to make more informed investment decisions by 
allowing them to better identify risks and opportunities. Finally, by implement-
ing circular economy projects, firms improve resource allocation, shareholder 
relationships, governance and, eventually, increase a firm’s market value. The 
clinical studies previously presented have a high positive impact potential in 
general in terms of ESG, and in particular at the environmental level.

E. Improvement of the Reputation of Institutions
On the corporate side, there has been a growing awareness of the need to be 
socially responsible, or at least appear to be socially responsible, either to fend 
off pressure from interest groups and the media, or to promote themselves to 
customers (Cornell et al., 2020). Several studies have found a link between envi-
ronmental, social, and governance factors and non-financial performance pre-
dictors such as corporate reputation and brand equity (Hsu, 2012; Cahan, S. et 
al., 2015). According to the Ellen MacArthur Foundation (2012), companies may 
build life-long service relationships with their customers instead of one-time 
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transactions. In addition, companies must adjust, as consumers of durable goods 
have evolved into users. Maintaining smooth operations to provide maintenance, 
product upgrades, and other product-related services, as well as persuading con-
sumers to return products at the end of each usage cycle, will require new, long-
term client connections.

F. Reduction of Costs
All the previous referred advantages of the development and implementation of 
circular economy projects are levered when the technology developed allows the 
reduction of production costs for companies, and subsequently, lower prices for 
the intermediate and final consumer. As mentioned before, in contrast to the 
traditional linear model, a circular economy approach is an economic system 
whose major purpose is to make the best and most sustainable use of resources 
by increasing efficiency and thereby minimising waste. It aims to create value 
by maximising resource efficiency and drastically altering production and con-
sumption methods (Kirchherr et al., 2017).

Most of the circular economy literature focuses on the benefits of production 
(Rizos et al., 2017; Ghisellini et al., 2016). Manufacturers can save money by 
remanufacturing their products, and the environment benefits as well because 
less resources are required (Pigosso et al., 2010). The recycling of critical raw 
materials, once a secondary raw-material market is operational, may improve 
supply security for businesses and lower production costs (European Parliament, 
2011). According to the Ellen MacArthur Foundation (2013), companies and con-
sumers are expected to share the net benefits of a more circular economy.

However, the clinical studies in this paper show that the true customer bene-
fits extend beyond the price effect. Improved utility and a lower total cost of own-
ership are also advantages. In addition, WBCSD Education (2016) refer that cir-
cular economy projects and business models can reduce costs of production and, 
in certain cases, provide entirely new profit streams, improve supply chain resil-
ience, and reduce exposure to resource shortages and price volatility. Rentals or 
leasing contracts, for example, are new business models that build longer-term 
engagement with customers. There are also some intangible advantages, such as 
a better reputation and lower risks. Last but not least, financial subsidies and 
incentives are frequently provided with circular economy initiatives, which can 
help to strengthen their business case (WBCSD Education, 2016).

V. Conclusion

The circular economy is a growing market, where companies and institutions 
are actively searching for their role. On one hand, this occurs due to the large 
business opportunities and the reputation of institutions. Nonetheless, on other 
hand, there is a consensus that regulation and policy will become stricter, which 
will demand a gradual change in the production, methods and the inputs and 
outputs of companies. The development and implementation of circular economy 
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projects have become a relevant concern, and in some companies and certain 
institutions, are already a priority. This study emerges to fulfil the lack of rel-
evant research regarding the impact that finance has on circular economy pro-
jects. Bearing this in mind, a qualitative approach is used, more specifically, an 
exploratory examination and inductive approach. Clinical studies, according to 
Jensen et al. (1989), help establish the agenda, both in terms of developing theo-
retical trials and empirical studies. In this regard, we consider the implementa-
tion of an empirical study on this topic as an important window of opportunity, 
based on the underlying reasons behind circular economy projects and financing 
instruments, as identified by the clinical study performed in this dissertation. 
The reasons that lead to the development of circular economy projects, which are 
supported by several authors, determine the financing instruments and funds 
employed in the projects. The reasons are the following:

1. 3Rs – Reduce, Reuse and Recycle;
2. Reduction of Pollution;
3. Improvement in Competitiveness, Innovation and Processes;
4. Improvement of the ESG Ratings;
5. Improvement of the Reputation of Institutions;
6. Reduction of Costs.

All these reasons are positively correlated and address resource scarcity, 
impact on the environment, economic concerns, governments, companies, and 
societies worldwide. Currently, every project is at an early stage of development, 
more specifically, the Bromelain and the Algae and Microalgae projects are both 
at a laboratory prototype stage, and the Keratin project is one step ahead, and the 
technology was scaled up using 15 kg of raw material (pig hair residues). These 
projects are innovative, disruptive and have the potential to reach the industri-
alisation stage and, subsequently, be commercialised. Bearing this in mind, all 
the funds to finance the Bromelain project were obtained from a PhD Scholar-
ship, financed by FCT. Thus, both the keratin from pig’s hair and peptides from 
algae and microalgae were obtained from COMPETE 2020 and supported by 
renowned institutions. In order to fulfil their potential and reach industrial and 
commercial levels, the following stages will require more financial funds, and 
this needs to be assessed and measured by institutions. To gather these funds, a 
variety of more complex financial instruments, as suggested in Table 2, should 
be considered, as well as the presence and participation of key players. In terms 
of the patents, the bromelain patent has already been granted at European level 
by the European Patent Office (EPO), in some countries in Asia, and currently, 
it is expected that between 2023 and 2025, the technology will be implemented. 
Contrarily, the keratin and the algae patents have not yet been granted. Despite 
this, the keratin technology is being assessed by the EPO, and there is also 
contact with an Italian company, and if the partnership is successful, by 2023 
the technology will be licensed and then commercialised. Taking all of this into 
account, due to the empirical analysis carried out and the potential of each of 
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the three projects, this study allows us to assess that the circular economy, the 
instruments and the reasons underlying its financing are crucial for the success 
of institutions and society. This implies that the circular economy will have to be 
developed further, so that in the long-term, there are fewer and fewer obstacles 
and, consequently, the financing of circular economy projects is seen as a vital 
aspect for institutions, thus allowing them to gain even more notoriety, in com-
parison with their competitors.
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