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Abstract — CE has become a revolutionary model of the economy that seeks to separate the economic development, resource use,
and environmental destruction. Unlike the classical linear model of “take-make-Dispose”, CE focuses on absence of waste at
design phase, constant utilization of resources and the renewal of natural processes. The review is a synthesis of literature that
has been published on the conceptual foundations of CE, strategies of its implementation, its application in each sector, and the
policy frameworks. It also determines some of the major challenges and research areas that should be addressed in the future in
order to speed up the process of transitioning the world into more sustainable and more CE model. The paper explores concept
of CE and how it is applied in industries, supporting technologies and policy tools, the potential opportunities and limitations to

its implementation.
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I. INTRODUCTION

The world economy has long been governed by a linear
pattern of production and consumption, which involves
process of extraction, production, use, and disposal.
Paradigm is greatly relying on the constant mining of the
finite natural resources and has led to growing amounts of
waste products, pollution and a decline of the environment.
With the growing worries of the problem of climate change,
lack of resources, and environmental imbalance, it became
clear that the boundaries of the linear economy have
reached a certain threshold, which requires new and more
sustainable economic paradigms; that is where CE comes
in. CE reduces value of products, materials and resources to
as long as possible unlike its conventional economic
counterparts which are restorative and regenerative by
nature.

It focuses on the extension of product lifecycles; efficient
resources use and reusing and regenerating the materials at
service life. CE strategy makes the economy less reliant on
virgin resources, creates less waste in the form of a valuable
input to another process, and aims at decoupling economic
development with environmental degradation. Principle of
CE is inspired by the natural ecosystems where waste
generated in one process can be used as a valuable input in
another one. It is embedded in a number of theoretical
frameworks, which have been developed, which include
cradle-to-cradle design, industrial ecology, performance
economy, and bio mimicry. In addition to its environmental
advantages, CE is also a major economic opportunity in that
it leads to innovation, increased security of resources,
employment opportunities, and economic resilience.

Concept of CE has become more and more popular among
governments, industries, and international organizations as
a source of sustainable development in recent years.
Circular practices including product redesign, circular
business models, reverse logistics, and advanced methods

of recycling are being embraced by a wide variety of sectors
in order to create more efficient and eco-friendly systems.
The shift towards CE is radical change in production and
consumption patterns, which is predetermined by the acuity
of climate change, control of pollution, and sustainable
management of resources. This paper discusses knowledge
on CE, research gaps, and suggests research directions in
the future to enable its popularization.

Ethics of CE

CE is anchored on number of principles that seek to
redesign economic systems in a manner that makes them
sustainable, efficient, and resilient in long term. The CE
supports closed system of reusing and regenerating
resources through continuous cycling as opposed to
traditional linear model of “take-make-dispose”. There are
three major principles of this approach that are identified by
the organizations.

The first principle is the design out waste and pollution.
This principle aims at avoidance of waste and pollution at
the earliest stage, during the design phase of products and
processes, instead of its cure once they have been
manufactured. The selection of materials is done in such a
way that the materials reduce emissions, eliminating toxic
materials, and reduce resources. The way the industries
work is re-engineered to enhance efficiency in energy and
minimization  of  needless  waste. Indicatively,
biodegradable or compostable packs are packs which are
meant to be degraded naturally without any damage to the
environment.

The second principle is ensuring products and materials
remain in use as long as they can. This is done by a process
of reuse, repair, refurbishment, remanufacturing and
recycling of products to increase their lifespan. Product
designs that are durable and modular are promoted to ensure
that in case of damages, the components can be substituted
or upgraded as opposed to disposing the whole product.
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Business models like leasing, sharing and product-as-
service assist in lessening the necessity of extracting
resources continuously. A case in point is a company that

rents out the laptops that have been restored, modified and
used by more than one user.

The third value is a restoration of natural systems. Circular
economy is not only about lessening the negative impact on
the environment but also aiming at regenerating and
enhancing the natural ecosystems. These will involve the
adoption of regenerative agriculture, the enhancement of
soil fertility, and the increase in biodiversity as well as the
transition to renewable energy sources. Biological products
are deposited in a safe manner to the environment so that
natural processes can occur. As an example, the processing
of organic substances can restore the nutrients of the soil
and decrease the use of chemical fertilizers. The
combination of these principles disrupts the conventional
production and consumption patterns and promotes a
systemic change towards sustainability.

Applications of CE

Concepts of CE are applicable to large variety of industries;
the traditional system of take-make-dispose can be changed
into sustainable and regenerative systems. A significant
place of implementation is within the manufacturing and
the industry where a variety of practices such as
remanufacturing and refurbishment are applied, to take
products like engines, electronics and machinery to an
almost brand-new state. The closed-loop production
systems enable waste use and by-products as raw materials,
whereas eco-design enables the products to be durable,
modular, and simple to dismantle and recycle. On the
example of Caterpillar, the Reman Program reuses the old
parts and offers them back as refurbished at a reduced price,
with a warranty.

CE in construction and built environment sector is on
application of recycled and modular building materials
during construction like steel, glass, and concrete in order
to minimize the need of virgin resources. Circular city
planning is concerned with the efficiency of the resources,
green buildings, and reuse of existing buildings. A case in
point is the construction of buildings using modular bricks/
panels which are easy to dismantle and recycle. Circular
economy is also significant in agriculture and food systems.
Composting and recycling of organic waste are some of the
practices that convert food waste into fertilizer or biogas.
The circular farming techniques such as crop rotation, bio
char use and aquaponics preserve the health of the soil and
minimise waste. Food-sharing and redistribution sites
eliminate the waste of edible food. As an example, the
Akshaya Patra Foundation in India employs food waste
digester to produce gas to cook.

Circular strategies in the fashion and textile industry are
meant to minimize overproduction and waste. The old
clothes can be recycled into new fibre or they can be re-used
into other products by textile recycling. Reuse is facilitated
by the clothing rental and resale business, whereas the slow
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fashion is encouraging people to purchase high quality and
durable clothes. The commonly known one is the clothing
program by H&M which takes used clothes and redeems
them in form of store vouchers. The electronics and ICT
industry uses principles of CE by ensuring design of devices
that are simple to deconstruct, re-assemble and upgrade.
This is because e-waste recycling contributes to the
recovery of valuable materials like metals and components
to be reused. The product-as-a-service schemes enable
consumers to rent the devices, and the manufacturers should
be in charge of collection and recycling when the product is
out of use. As an example, Fair phone manufactures
modular smartphones, which can be repaired and upgraded
easily.

Lastly, in water and waste management, the circular
economy is aimed at recovering as much as possible and
reducing wastage. Wastewater recycling systems are used
to clean and reuse the water in agriculture, industry, or even
domestic. The mining of landfills retrieves useful material
that has been deposited in the old waste areas and the
programs of the zero-waste cities are designed to minimize
the production of waste and enhance recycling and reusing
of materials. A good example is the NE Water system of
Singapore, which recycles wastewater into high quality
water that can be used both by industries and by the
community.

Challenges and Barriers of CE

Progress toward CE is limited by various challenges even
though it has a great potential; these challenges are related
to the technical, economic, social, policy, and
organizational aspects. Technically, the current recycling
methods tend to fail in regards to complex materials like
composite and electronic waste and recovery is expensive
and ineffective. Moreover, the majority of the products
remain being tailored to the linear consumption patterns,
with little to no consideration of durability, repair, reuse, or
disassembling, limiting the use of circles. These issues are
complicated by the lack of data about material flows and
product life cycles, and it prevents the optimization and
monitoring of circular systems. Economically, the
transition to circular requires substantial investments in the
redesigning of products, infrastructure, and supply chains,
and unpredictable returns on investment do not motivate
businesses to invest in long-term circular strategies.
Absence of economic motivations especially in the form of
subsidies on virgin raw materials and low costs of landfill
remains in most regions to favour linear economic activity
as opposed to circular ones.

The barriers to large-scale implementation of CE are further
caused by policy and regulatory barriers. The presence of
fragmented and inconsistent regulations in different regions
puts businesses in doubt, whereas poor enforcement
mechanisms make the policies less effective. Governments
focus on the short-term economic development of the
economy, neglecting the long-term environmental and
social advantages of the circular systems. Also, there is lack
of common definitions, indicators and measurement
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systems of circularity and this renders it hard to measure
performance and compare progress across industries and
nations. Social and cultural forces are also of essential
importance since the demand in the market is inhibited both
by the perceived quality of refurbished or second-hand
products and social stigma.

The absence of awareness and education of consumers,
businesses and policymakers about principles of CE is
general barrier to transition, as does behavioural inertia and
change resistance. Complex global supply chains have
logistical challenges at the organizational level to manage
reverse flows like product take-back and recycle, and there
is inadequate cooperation at the systemic level between
manufacturers, suppliers and recyclers to optimally
integrate these three sectors.

In the future, the circular economy has enormous prospects
as a groundbreaking model of sustainable development,
resource-saving, and climate-resistance. Its future is in
profound incorporation at all levels of the society, in the
product design and business models, as well as in the
national and international policy frameworks. The current
barriers can be overcome by means of the development of
digital technologies, innovation of materials, and a circular
business approach with the help of progressive regulations
and economic stimulus. Joined effort by the governments,
industries, and citizens should lead to a successful transition
to create systemic change, promote innovation, and develop
strong governance mechanisms. The circular economy
provides the resilient solution to the CE based on linear
“take-make-dispose” model that lacks the capacity to
achieve the long-term sustainability objectives.

Il. CONCLUSION

The circular economy introduces an irresistible and
disruptive idea of a sustainable, resilient and inclusive
future, as a plausible alternative to the conventional linear
approach to the world in terms of take, make and discard,
which has escalated resource depletion and environmental
degradation. Although it still faces considerable obstacles
in its scalability, the current pace of technological
development, novel forms of business and progressive
policy interventions have an excellent chance to propel the
scaling of practices associated with CE all over the world.
Systemic change at all phases of society, both in the design
and processing of products and in consumption and the
governmental structures of the nation, demands close
cooperation between governments, industries and citizens
to facilitate successful transformation to CE. With
implementation of CE as a sustainability theory turning into
a sustainable means of economic development, resource
utilization, and climate-resistance globally, the domain
introduces enormous  possibilities of  innovation,
investment, and inclusive growth. Conclusively, potential
of CE is enormous to create sustainable development as it
will allow decoupling economic growth and resource
consumption with environmental degradation and create a
more sustainable, innovative, and resilient global economy.
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