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ABSTRACT

With resources dwindling and the environment deteriorating, the construction
sector around the world is at a crossroads. Facade engineering becomes an
important field for sustainable practices in this environment. In order to
improve the sustainability and economic feasibility of building envelopes, this
review paper delves into how Circular Economy (CE) principles might be
applied to fagade engineering. The focus is on material recycling, reuse, and
lifespan analysis. The study finds and examines novel techniques and materials
that demonstrate Circular Economy (CE) principles by critically reviewing
literature and case studies on circular economy practices in building, with a
special focus on facade materials. The paper demonstrates how the circular
economy has the ability to make facade engineering more sustainable by
examining the motivations, benefits, and obstacles linked with these activities.
To achieve this transition, it is crucial to work together across disciplines, have
the support of policymakers, and be open to technological innovation. The
purpose of this essay is to promote a paradigm change towards more
sustainable and resource-efficient design and construction processes by
introducing Circular Economy (CE) principles to facade engineering. By
bringing facade engineering in line with sustainable development concepts, this
research hopes to alleviate construction waste, conserve resources, and lessen
environmental impacts.

© 2025 Journal of Engineering, Management and Information Technology

1.

INTRODUCTION economy promotes a systemic change in material usage
patterns by focusing on maximising the value retained in

products, materials, and resources for as long as possible

The circular economy (CE) has become a key framework
for promoting sustainability in different industries,
particularly in the building industry. The construction
sector, known for its high material consumption and
waste production, is now being acknowledged as a
crucial area for using Circular Economy principles to
reduce environmental consequences. The circular
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through the principles of reduce, reuse, and recycle
(Salleh et al., 2022). This method differs significantly
from the linear model of 'take, make, dispose,’ which has
been the primary model in industrial operations for many
years, resulting in substantial environmental harm and
depletion of resources (Torgautov et al., 2021).
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CE principles have great potential when applied in the
field of fagade engineering. Facades are essential for the
energy efficiency, visual appeal, and sustainability of
buildings since they connect the constructed environment
with its surroundings (Prieto Hoces, 2018). Yet, the
lifecycle of facade materials, from extraction and
processing to disposal, frequently reflects the
inefficiencies and wastefulness of the linear economy.
The significance of circular economy ideas for facade
engineering is the capacity to convert this sector into a
model of sustainability and creativity. By incorporating
Circular Economy principles, facade engineering can
play a key role in decreasing construction waste,
improving material efficiency, and encouraging the reuse
and recycling of materials, thereby making a substantial
contribution to the sustainability of the built environment
(Mercader-Moyano et al., 2021).

1.1 Objective

The fundamental aims of this review are threefold. To
begin, we will look at how circular economy principles
might be used to facade engineering, namely in the
design, building, and end-of-life phases of facade
systems. This investigation will look into sustainable
material choices, design for disassembly, and options for
material reuse and recycling. Second, identify the hurdles
and limitations that now prevent the widespread
application of CE principles in fagade engineering,
including as technical, economic, and regulatory
obstacles. Finally, we will discuss the opportunities and
benefits that a circular economy strategy may provide to
the industry, such as reduced environmental impact,
increased economic efficiency, and the promotion of
innovation and sustainability in building design.

To achieve these goals, this review intends to provide a
complete assessment of existing circular economy
practices in fagade engineering, as well as insights into
future research, policy, and practice trends. By doing so,
it hopes to contribute to the larger conversation about
sustainability in the building sector and advocate the
adoption of circular economy ideas as standard practice
in facade engineering.

2. CIRCULAR ECONOMY: PRINCIPLES
AND PRACTICES

2.1 Definition and Core Principles

A paradigm shifts from the old linear economic model,
which follows a ‘take-make-dispose' trajectory, to a
regenerative strategy that emphasises sustainability and
the effective use of resources is represented by the
circular economy (CE). This shift is a paradigm shift.
According to Aleksi¢ et al., (2023), the essence of
circular economy (CE) is the elimination of waste and
pollution via design, the maintenance of products and
materials in use, and the regeneration of natural systems.
These key concepts are encompassed in the three core
principles of reducing, reusing, and recycling. According
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to Kioupis et al., (2020), the purpose of these principles
is to develop closed-loop systems that reduce waste by
making continuous use of resources.

Reduce: This principle strives to reduce the number of
resources that are used and the amount of waste that is
produced during the production process. Optimising
design for minimal material consumption and selecting
materials with lower environmental footprints are two
examples of what this term means in the context of
building (Finger et al., 2021).

Reuse: Instead of throwing away products or resources,
reuse involves making use of them in their original state.
Reuse is an alternative to throwing things away. When it
comes to the design of buildings, this may involve the
utilisation of building components or materials in new
constructions (Broniewicz et al., 2023).

Recycling: Recycling refers to the process of reclaiming
material for the purpose of using it for a different purpose
or purpose entirely. In the realm of construction, it refers
to the process of reusing building materials, such as
transforming debris from demolition into aggregate for
use in the production of fresh concrete (Rangel et al.,
2019).

2.2 Application in Construction

Due to the fact that the construction industry is
responsible for a sizeable portion of the world's resource
consumption and waste production, the implementation
of CE principles in this sector has become increasingly
vital. According to the CE framework, sustainable
construction entails the adoption of methods that cover
the entirety of the lifecycle of buildings, beginning with
the design and construction of the building and
continuing through its operation and decommissioning
(Charef et al., 2021).

A major component of the circular economy (CE)
strategy is design for flexibility and disassembly, which
enables buildings and their components to be changed to
multiple uses or readily disassembled for reuse and
recycling at the end of their life Bocken et al. (2016)
present an additional strategy that involves the utilisation
of sustainable materials.

This strategy entails the selection of materials that have
diminished environmental impacts throughout their
entire lifecycle, or that are capable of being recycled or
biodegraded once they have served their purpose.

The notion of Building Information Modelling (BIM)
also makes it easier to implement CE practices. This is
because it enables the virtual modelling of buildings,
which in turn optimises the utilisation of materials and
makes it easier to manage buildings over their entire
lifecycle (Cao et al., 2022). Furthermore, the industry has
been investigating the possibility of utilising
prefabricated components, which can be produced with a
small amount of waste (Xue et al., 2017). These
components can then be reused or remanufactured in the
future.

In the construction industry, examples of circular
economy have been seen in practice through the
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utilisation of recycled materials in new structures, the
design of buildings that are intended for deconstruction,
and the implementation of modular construction
techniques that allow for the reuse of components.
According to Lehmann (2011), these techniques not only
help to save resources and cut down on waste, but they
also frequently result in economic benefits, such as the
reduction of material waste and the development of new
markets  for  environmentally  friendly  goods.
It is necessary to overcome substantial obstacles in order
to make the transition to a circular economy in the
construction industry. These obstacles include the linear
economic incentives that are now widespread, the
requirement for industry-wide standardisation, and the
difficulties that are connected with changing existing
habits. It is necessary for stakeholders across the value
chain, from policymakers to practitioners, to work
together in order to develop regulatory frameworks that
are supportive of CE practices, to create market
incentives for CE practices, and to cultivate a culture of
innovation and sustainability within the industry (Abadi
& Sammuneh, 2022).

3. CIRCULAR ECONOMY IN FACADE
ENGINEERING

3.1 Material Selection and Design

A strategic approach to the selection of materials and the
design of facades is the foundation upon which the
incorporation of circular economy (CE) principles into
facade engineering is built. The implementation of this
strategy calls for a multi-faceted comprehension of the
methods by which resources are obtained, processed, and
utilized in order to guarantee a low impact on the
environment and the greatest possible possibility for
reuse and recycling. In order to choose sustainable
materials, it is necessary to conduct a comprehensive
analysis of their life cycle impacts, giving preference to
those materials that have a lower embodied energy and a
smaller carbon footprint. In order to minimize emissions
caused by transportation, it is vital to take into account
the origin of materials, with a preference for local
sourcing. Additionally, it is necessary to evaluate the
possibility of the materials' recovery at the end of their
useful lives (Azcarate-Aguerre et al., 2022).

The modularity of a design is an extremely important
factor. Modular facades make it possible to repair or
upgrade specific components without having an effect on
the complete system. This design concept makes it easier
to do maintenance and recover materials, as well as
extending the service life of facade elements (Torres et
al., 2021). Flexibility in design also adds to circularity
since flexible facades can be reconfigured for new
applications or aesthetic preferences over time, hence
decreasing the need for restorations that require a
significant amount of resources (Htet et al., 2023).

A further enhancement of circularity can be achieved by
the standardization of facade components. This ensures
that components can be simply replaced, repaired, or
improved, which in turn makes it easier to disassemble
products and reuse resources. Additionally, this makes it
possible to achieve economies of scale in the production
of components, which has the potential to lower
production costs and the environmental problems that are
connected with them (Attia et al., 2018).

For optimal fagcade design in a Circular Economy
context, it is crucial to include sophisticated sustainable
materials like bio-based composites or recycled
materials. These materials provide substantial reductions
in environmental impact and are becoming more
accessible and economically feasible (Icibaci, 2019).

In addition, the utilisation of life-cycle assessment (LCA)
methods throughout the design phase can serve as a
means of directing the selection of materials and design
decisions by measuring the environmental impacts that
occur from the cradle to the grave (Eberhardt et al.,
2020).

Ultimately, incorporating concepts of sustainable design
into facade engineering requires a holistic strategy that
considers  material  selection, design, and the
harmonization of environmental considerations with
functionality and visual appeal. A paradigm shift is
needed to change how materials are valued and handled
over their entire existence. This change will encourage
innovative design methods that focus on sustainability
and resource efficiency.

3.2 Reuse and Recycling of Facade Materials

Reusing and recycling concepts play a key role in
implementing the circular economy in fagade
engineering, reducing the environmental impact of
construction techniques. Reuse, in this context, is using
facade materials again without altering their form, which
helps prolong the lifespan of resources and avoids the
energy-intensive production of new materials. An
instance of this is seen in the utilization of recycled wood,
providing both visual appeal and ecological advantages.
Responsibly obtained wood can serve as a low-carbon
alternative to new materials and help in developing
carbon-negative construction solutions (Akhimien et al.,
2021).

Facade materials are recycled in a transformative
manner, being repurposed into a new product. Metals and
glass from facade systems can be recycled numerous
times without a substantial loss in their qualities.
Innovative recycling technologies have improved the
purity and quality of recycled materials, enabling their
use in higher-value new fagade products (Asdrubali et al.,
2015).

In the field of glass recycling, developments in sorting
and processing technologies have led to a considerable
rise in the recycling rates as well as the quality of
recycled glass that may be utilized in facade engineering.
According to Tamanna and Tuladhar (2020), this
involves the utilization of optical sorting technologies
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that are able to separate glass based on its color and
chemical composition. This helps to guarantee that the
recycled product is of a high enough quality to satisfy
severe quality requirements.

The recycling process for metal has seen improvements
in both its energy efficiency and its environmental
performance as a result of the advent of furnaces and
purifying processes that are more efficient that are more
efficient. These developments not only lessen the carbon
footprint that is linked with the materials used for metal
facades, but they also help to save raw materials and
lessen the industry's reliance on mining (Santero &
Hendry, 2016).

On the other hand, it is very necessary to take into
account the entirety of the lifecycle of facade materials in
order to guarantee that the procedures of recycling and
reuse do not become a source of environmental burden
within itself. According to Gheewala (2023), lifecycle
assessment (LCA) studies have been extremely helpful in
determining the most environmentally friendly methods
for the reuse and recycling of facade materials. These
studies take into account a variety of elements, including
transportation, processing energy, and the potential
emissions that may end up being produced by recycling
operations.

In conclusion, the reusing and recycling of facade
materials are not only essential for lowering the demand
for virgin resources, but they are also essential for
limiting the impact that the construction sector has on the
environment. The incorporation of these principles into
facade engineering has the potential to make a substantial
contribution to the development of a built environment
that is more environmentally friendly.

3.3 Lifecycle Analysis (LCA)

In the field of facade engineering, lifecycle analysis
(LCA) is an indispensable instrument that provides a
systematic framework for quantifying environmental
consequences across the entirety of a product's lifecycle,
beginning with the acquisition of raw materials (often
known as the "cradle™) and ending with the "grave" of the
product's existence. This all-encompassing method
makes it possible to identify and evaluate the
environmental impacts that a facade may have during the
phases of material extraction, production, shipping,
installation, usage, and maintenance, as well as the
phases of eventual disposal or recycling (1SO 14040,
2006).

It is possible for engineers to compare the environmental
implications of different materials and design decisions
with the assistance of life cycle assessment (LCA) when
applied to facade materials. For instance, the
environmental cost of utilizing virgin aluminum as
opposed to recycled aluminum for curtain wall systems
can be fully recognized through life cycle assessment
(LCA), which can measure consequences such as
emissions of greenhouse gases, energy consumption, and
trash generation (Ding, 2020).
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The transportation phase of the life cycle assessment
(LCA) takes into account not only the distance that
materials travel but also the mode of transportation,
which can have a variety of different environmental
footprints. For instance, depending on the distance
traveled and the effectiveness of the mode of
transportation, transporting products by water may have
a smaller carbon footprint than transporting them by road
(Meex et al., 2018).

The life cycle assessment (LCA) investigates not only the
phases of installation and maintenance, but also the
energy that was consumed during the construction phase
and the effects that maintenance operations had on the
structure over its lifetime. For instance, a facade system
that needs to be painted or sealed on a regular basis has a
different environmental profile than one that does not

require any care (Keles & Yazicioglu, 2021).

LCA is used to analyze the potential benefits and
downsides of various disposal strategies, such as
recycling versus landfilling, when the product has
reached the end of its useful life. This specific feature is
of utmost significance for facade systems, which, by the
time a building reaches the end of its lifespan, can be
rather large in terms of both volume and varied material
composition. According to Singh et al. (2021), this study
evaluates the viability of recycling processes as well as
the environmental cost-benefit analysis of these
processes. It takes into account the amount of energy that
is required for the reprocessing of materials and the
quality of the recycled materials.

In general, life cycle assessment (LCA) gives facade
engineers a data-driven basis when it comes to making
decisions that are ecologically responsible, which helps
facilitate the transition towards more sustainable facade
systems. In addition to contributing to the development
of facades that are not only visually beautiful but also
environmentally  responsible, it  highlights the
significance of taking into account the long-term
environmental implications that are associated with the
design and selection of materials for facades.

4. CASE STUDIES AND PRACTICES
4.1 Innovative Examples

The ideas of the circular economy (CE) are gradually
being included into facade engineering, and various
projects all across the world are serving as benchmarks
for this process. The use of recycled glass in facade
panels is a good example of this type of application. The
BVLGARI Store in Shanghai is a noteworthy initiative in
this field. The front of the store is comprised of panels
that are manufactured from reused glass bottles. This not
only helps to minimize waste but also provides
distinctive aesthetic features (Living Spaces, 2023). An
additional example of innovative design is the use of
green walls as living facades. These walls are not only
environmentally friendly but also contribute to the
preservation of urban biodiversity and the regulation of
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energy temperatures. Jean et al. (2014) describes the One
Central Park skyscraper in Sydney as a pioneer in this
field. The structure features the world's highest vertical
garden, which contributes to the building's thermal
performance and urban ecology.
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4.2 Comparative Assessment

Comparative analysis of these case studies indicates a
wide range of outcomes, difficulties, and advantages with
regard to the situation. The utilization of recycled glass
panels at the BVLGARI Store in Shanghai is evidence of
a successful reduction in the accumulation of material
waste and the consumption of energy during the
production process. Nevertheless, there were obstacles to
overcome, such as assuring the structural integrity of the
facade panels and locating reliable suppliers of recycled
glass (Living Spaces, 2023). On the other hand, the living
facade of One Central Park makes a substantial
contribution to the building's energy efficiency as well as
the well-being of the people who live there. Nevertheless,
it confronts difficulties in terms of maintenance and the
requirement for a specialized irrigation system (Jean et
al., 2014).

Both of these situations highlight the significance of
innovation in terms of materials and design in order to
accomplish carbon emission goals. These findings also
bring to light the necessity of a supportive infrastructure,
which includes recycling facilities and maintenance
standards, in order to meet the requirements of these
unigque facade systems during their entire duration. The
benefits, on the other hand, are readily apparent in the
reduction of the impact on the environment, the

improvement of building performance, and the
promotion of urban sustainability (Kibert, 2016).
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Figure 2: The One Central Park skyscraper in Sydney
(Source: Archi daily, 2014,
https://www.archdaily.com/551329/one-central-park-
jean-nouvel-patrick-blanc)

5. CHALLENGES AND OPPORTUNITIES
5.1 Barriers to Implementation

The incorporation of circular economy (CE) ideas into
facade engineering is confronted with a number of
obstacles that have the potential to prohibit its broad
adoption. It is common for economic feasibility to be the
primary issue, given that initial investments for
environmentally friendly materials and design processes
may be costlier in comparison to more conventional
alternatives. While the return on investment has the
potential to be substantial, it may be long-term, which
presents a problem for stakeholders who are hoping for
rapid results (Rizos et al., 2016).

Regulatory difficulties are another big obstacle that must
be overcome. According to Kirchherr et al. (2017), the
predominant purpose of the existing legal frameworks is
to give support for linear economic models. It is possible
that these frameworks do not offer sufficient incentives
or mandates for CE practices. Consequently,
organizations and professionals who are interested in
using circular techniques in facade engineering may find
themselves in a position where they lack clarification and
support.

The readiness of the industry is still another significant
impediment. Historically, the construction industry has
been known for its conservatism; therefore, the
implementation of new techniques necessitates the
modification of long-standing mentalities and
procedures. The adoption of novel approaches that have
not yet been demonstrated to be effective on a big scale
or that do not have widespread industry backing is
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frequently greeted with opposition (Nandha Gopan &
Balaji, 2023).

5.2 Enabling Factors

There are a number of enabling variables that might make
the implementation of CE standards in facade
engineering easier, notwithstanding the challenges that
are there. Innovation in technology is essential, as
developments in materials science and design software
are making environmentally responsible practices more
accessible and efficient. As an illustration, the creation of
novel materials that are either highly recyclable or
biodegradable might result in the provision of more
possibilities for the construction of facades (Braungart &
McDonough, 2013).

For the purpose of fostering a climate in which CE ideals
can flourish, policy support is absolutely necessary.
Incentives for environmentally responsible practices in
the form of tax breaks or subsidies, as well as legislation
that require recycling and reuse, are examples of what
can fall under this category. According to Geissdoerfer et
al. (2017), policies that incentivize or mandate the
utilization of life-cycle assessment in the design of
buildings have the potential to also propel the
implementation of CE.

Facilitating collaboration among stakeholders has the
potential to greatly speed up the transition to a circular
economy for facade engineering. Collaboration may take
the form of partnerships between the private sector and
academic institutions in order to progress research.
Additionally, it may involve involvement with legislators
in order to develop legislative frameworks that are
conducive to work. In addition, public-private
collaborations have the potential to encourage innovation
and provide evidence that CE practices are viable
(Webster, 2017).

6. FUTURE DIRECTIONS IN CIRCULAR
ECONOMY AND FACADE
ENGINEERING

6.1 Technological Innovations

Considering the setting of a circular economy, the future
of facade engineering is inextricably linked to the
advancement of technology advancements. Emerging
technology, such as sophisticated modular construction
methods, make it possible to create, disassemble, and
reuse facades in a more efficient manner. The
development of intelligent materials that are capable of
self-healing or adapting to changes in the surrounding
environment is also on the horizon. These materials have
the potential to extend the lifecycle of facades and reduce
the amount of maintenance and repairs that need a
significant amount of resources. Furthermore,
developments in digital technologies such as Building
Information Modeling (BIM) are expected to improve the
precision of design and the utilization of materials, which
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will in turn provide improved waste management and
recycling procedures (Eastman et al., 2011).

6.2 Policy and Regulatory Frameworks

Within the realm of the construction sector, the future of
circular economy activities is significantly influenced by
the policies and laws that are in place. According to Iyer-
Raniga and Huovila (2022), the implementation of more
stringent construction rules and standards that necessitate
the incorporation of circular principles that are
incorporated into new designs has the potential to result
in a more sustainable sector. There is the potential for
stakeholders to be incentivized to adhere to circular
economy practices through the implementation of a
certification system for circular facade designs.
Additionally, the application of government incentives
for research and development in environmentally
friendly materials and construction methods has the
potential to stimulate innovation within the sector.

6.3 Industry Implications

The transition to a circular economy in facade
engineering has significant ramifications for the sector as
a whole. It requires professionals to integrate
sustainability and resource efficiency into all stages of
their work, prompting a reassessment of present
procedures. Educational curricula for architects and
engineers should be revised to provide thorough
instruction on circular economy principles and practices.
Research should focus on investigating the enduring
effects of circular building exteriors, evaluating the
overall costs and advantages over time to guide
upcoming architectural ideas (McDonough, W., &
Braungart, M., 2002).

7. CONCLUSIONS

This review thoroughly examined how circular economy
(CE) principles are integrated into fagade engineering,
uncovering important findings. The significance of
choosing sustainable materials and design has been
emphasized, demonstrated through unique case studies
that have implemented circular economy ideas. The
analysis emphasized the need of reusing and recycling
facade materials and the essential function of lifecycle
analysis in assessing environmental effect. The
assessment has found significant obstacles such as
economic, regulatory, and industry preparedness issues,
despite the proven advantages. However, the discussion
has also addressed the possibilities of new technologies
and emphasized the important role of policy and
regulation in promoting circular economy practices,
indicating a strong future for the business.
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8. RECOMMENDATIONS FOR PRACTICE
AND POLICY

To integrate CE principles into facade engineering
effectively, a multi-faceted approach is recommended:

8.1 Recommendation for practice

Integration into Design: It is important to encourage the
incorporation of CE principles throughout the early
stages of design. This will ensure that the choices of
materials and the architecture of facades are intrinsically
sustainable.

Training and Education: It is important to make
investments in the education and ongoing training of
engineers and architects so that they are equipped with
the information and tools necessary to include
community engagement into their profession.

8.2 Recommendation for policy

Incentive Structures: Projects that demonstrate a
commitment to the principles of CE should be eligible for
incentive structures such as tax incentives and subsidies.

Regulatory Standards: In the field of facade
engineering, it is necessary to develop and implement
regulatory standards that mandate the utilization of
environmentally friendly materials and designs.
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