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Abstract: The mounting climate change crisis and the rapid urbanization of cities have pressured
many practitioners, policymakers, and even private investors to develop new policies, processes,
and methods for achieving more sustainable construction methods. Buildings are considered to be
among the main contributors to harmful environmental impacts, resource consumption, and waste
generation. The concept of a circular economy (CE), also referred to as “circularity”, has gained a
great deal of popularity in recent years. CE, in the context of the building industry, is based on the
concept of sustainable construction, which calls for reducing negative environmental impacts while
providing a healthier indoor environment and closing material loops. Both vernacular architecture
design strategies and circular economy principles share many of the same core concepts. This paper
aims at investigating circular economy principles in relation to vernacular architecture principles
in the built environment. The study demonstrates how circular principles can be achieved through
the use of vernacular construction techniques and using local building materials. This paper will
focus on Egypt as one of the oldest civilizations in the world, with a wide vernacular heritage,
exploring how circularity is rooted in old vernacular settlements and how it can inspire contemporary
circular practices.
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1. Introduction

The growing climate change crisis and urbanization have urged more government
decision-makers, urban planners, architects, and private investors to develop new policies,
processes, and methods for leading more sustainable lifestyles [1]. According to the United
Nations Environment Programme (UNEP) [2], cities consume 75% of the world’s primary
energy capacity (such as crude oil, coal, wind, natural gas, etc.), produce 60-80% of global
greenhouse gas emissions, and produce 50% of the world’s waste [3,4]. Buildings are
considered among the main contributors to harmful environmental impacts, resource
consumption, and waste generation [5]. According to UNEP [6] and the World Resarch
Institute (WRI) [7], buildings account for 40% of all waste generated by volume, 40% of all
material resources use by volume, and 33% of all human-induced emissions. Furthermore,
the construction industry and the built environment are among the greatest contributors to
natural resource depletion [3,8,9]. Thus, it is imperative for governments to start adopting
more sustainable practices in the construction industry.

The concept of the circular economy (CE), also referred to as “circularity”, is one of
the sustainable concepts that has been gaining traction in recent years as an approach
for reducing the environmental footprint of different industries, including the building
sector [5,10-13]. While there is no standard definition for the CE model, it has been
defined by several organizations as the opposite of the linear economy (LE) and its “make-
take-waste” model [12,14]. The linear production-consumption model is concerned with
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producing and consuming goods made from raw materials, selling them, using them, and
then disposing of them as waste [3,5]. This model, however, has become ineffective due
to the increase in global populations and depleting natural resources [12]. In the building
industry, CE calls for reducing the negative environmental impacts on the environment
while providing a healthier indoor environment and closing material loops [15]. CE is not
necessarily considered a new concept but rather one that combines several pre-existing
principles for closing material loops, reducing energy and raw material waste [16,17], and
prolonging the lifespan of products through maintenance and repair [18,19].

Vernacular architecture can also be linked to circular sustainable concepts. Vernacular
architecture is defined as the design of buildings based on local needs, using local materials,
and reflecting the local culture and traditions. In addition, they are usually built by
inhabitants without any formal design training (architecture without architects) [20-22].
Vernacular buildings provide optimal solutions for local problems [22] that are in harmony
with nature, in a durable, healthy, and sustainable manner [23]. Furthermore, vernacular
buildings all over the world are dependent on the use of low-impact natural materials
and construction techniques. Such techniques have proven to be resilient to weather
conditions and fulfill the locals’ needs at minimal cost and with a minimal impact on the
environment [24-26]. Thus, the importance of local architecture is quite evident, along with
the need to return to many of the simple, sustainable solutions that have been devised in
the past [22].

2. Literature Review
2.1. The Circular Economy in the Built Environment

CE in the built environment has gained academic, governmental, and organizational
recognition over the past few years [3]. The EU has developed a series of actions and
legislative proposals for future reuse and recycling targets for construction and demolition
waste [27,28]. Shifting to CE provides several opportunities for reducing primary material
usage and carbon footprints [29], and can positively impact economic, environmental,
and social sustainability [30]. Circular economy concepts can be integrated in the scale
of buildings, products, and components, in two main aspects: circular material usage,
and circular design [12]. The use of circular materials is concerned with the selection of
materials that are renewable (biological cycles), or that are reusable after first use (technical
cycles), while the circular design is defined as the design of products and components
that can be easily disassembled at the end of their use, facilitating their reuse in other
projects [12]. Furthermore, circular building design (CBD) is concerned with buildings
that are designed, planned, constructed, operated, and maintained with CE principles in
mind [31]. To be able to shift toward CBD, CE principles need to be applied to the different
life cycle stages of the building, managing the building and its component parts from cradle
to cradle [30]. This also entails ensuring that all materials used in the building can be
recycled or composted at the end of its lifecycle [32].

Previous studies have approached CE in the built environment from different points
of view. A few examples of recent studies on this topic are outlined in this section.
Akhimien et al. [30], for instance, provided a review for circular economy interventions in
buildings under seven main circular economy principles or strategies and highlighted the
possible gaps in research on this topic. Similarly, Cimen [33] and Eberhardt et al. [5]
presented a review of the literature on the circular economy in the construction and
built environment sector, highlighting key findings and gaps in the reviewed studies.
Munaro et al. [3] provided a state-of-the-art review on CE research and focused on ana-
lyzing what has already been done in terms of circular practices in the construction value
chain. The study also proposed a theoretical framework to be used as a starting point
by designers, researchers, and stakeholders for introducing circular practices in the built
environment [3], while Amory [12] developed a framework (guidance tool) for the design
of circular buildings, based on the “circular design” and “circular material usage” strate-
gies. Furthermore, Cambier et al. [34] presented an overview of the available design tools
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related to circular design that can be implemented at different stages of the design process.
Eberhardt et al. [35] conducted life cycle assessment models that compared linear and
circular building components, suggesting the potential benefits of the re-use and recycling
of building components in the circular approach. Huuhka and Vestergaard [36] presented a
comparison between building conservation and CE concepts, addressing the relationships
among them, their commonalities, and their differences. However, there was a gap in
studies that linked the CE with vernacular architecture.

Moreover, despite the efforts being made, the wide-scale adoption and implementation
of CE in building design and construction strategies still lack a common direction, often
implemented through small-scale and fragmented approaches [3,5,33]. Buildings are
complex and dynamic, involving many different systems and components, each with its
own life cycle, functions, and characteristics. The environmental performance of buildings
depends on several different attributes, such as building design, materials choice, operation,
and maintenance [5,37]. The literature also indicates that CE initiatives are directed toward
different focus areas and use different tools [38]. Thus, it is argued that these fragmented
initiatives prevent the universal adoption of CE in the building industry [33,35]. Studies
indicate that there is also a lack of knowledge on the definition of CE, its fundamental
principles, and its implementation in an innovative manner in the building sector’s business
model [27,36], while Kirchherr and Van Santen [39] indicate that most CE studies focus
on developed countries, making many of the CE studies irrelevant to construction in
less-developed countries. This is due to differences in policy environments, access to
funding, and infrastructure [39]. Cambier et al. [34] have also asserted the need for more
practical examples, such as case studies and best practices for circular buildings. All of
this indicates the importance of providing more studies that investigate CE in the building
sector. In addition, it highlights the need for more studies on best practice in developing
countries [39].

2.2. Circular Design Principles

Various CE design principles were highlighted in the literature in different classifica-
tions. These principles include adaptive design and reuse, design for disassembly (DFD),
and design for repair and manufacturing [17,40—42]. Adams et al. [27] classified the CE
principles regarding: designing for disassembly, flexibility and the reuse of secondary mate-
rials, the reuse of components, and the use of secondary materials in the construction value
chain [5]. Likewise, Akhimien et al. [30] concluded that there were seven main circular
economy principles in buildings: design for disassembly, design for recycling, building
materiality, building construction, building operations, building optimization, and the
building’s end-of-life. Akhimien et al. [30] also highlighted that most studies were focused
on two main aspects: the recycling of waste components and end-of-life. Buildings that can
be disassembled are more adaptable, according to CE principles, since their parts can be
reused, renewed, optimized, or exchanged for others while maintaining their value. Lastly,
UNEDP [43] classified CE according to four main principles. These are: (1) reduce by design,
(2) refuse, reduce and re-use, (3) repair, refurbish and remanufacture, and (4) repurpose and
recycle. From these classifications, four main principles were summed up to be adopted
throughout this study. The concluded principles combine most of the principles discussed
in the different sources reviewed and are rooted in vernacular architecture principles. These
are (1) reduce by design, (2). refuse, reduce, and re-use, (3) repair, refurbish, and reman-
ufacture and (4) repurpose and recycle. Table 1 summarizes the various classifications
mentioned and highlights the circular design principles that are adopted in this study:.
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Table 1. A summary of the circular design principle classifications in the investigated literature.

Circular Design Principles” Classification

Sources

1. Adaptive design and reuse
2. Design for disassembly

3. Design for repair and manufacturing

[17,40-42]

1. Design for disassembly

3. Reuse of components

2. Flexibility and the re-use of secondary 4. Use of secondary materials in the [27]
materials construction value chain
1. Design for disassembly 5. Building operations
2. Design for recycling 6. Building optimization [(30]
3. Building materiality 7. Building end of life
4. Building construction
1. Reduce by design 3. Repair, refurbish, and remanufacture [43]
2. Refuse, reduce, and re-use 4. Repurpose and recycle
1. Reduce by design 3. Repair, refurbish, and remanufacture The Concluded Design
2. Refuse, reduce, and re-use 4. Repurpose and recycle Principles

2.3. Vernacular Architecture and the Circular Economy

It has been noted that vernacular architecture shares many of the core concepts of
sustainable buildings. Vernacular architecture is concerned with climate-responsive build-
ings that are made from local materials and technology and reflect the local customs and
lifestyle of a community [44]. Using vernacular concepts can create environmentally con-
scious designs that respond to climatic conditions, usually using passive and low-energy
strategies for human comfort [44]. Vernacular buildings correspond to local materials and
the economical use of building resources [44]. Many studies highlight the importance of
learning from vernacular buildings for designing contemporary sustainable buildings and
of returning to local approaches that are most suitable for their local environments [44-46].
Furthermore, vernacular solutions are usually low-cost since they adhere to their local
contexts. This is particularly important for developing countries, such as Egypt.

Research into vernacular architecture design concepts reveals that they coincide with
many CE concepts. According to several studies [47-50], there is still a need for more
research that addresses the use of vernacular knowledge in contemporary architectural
examples. Although CE has been linked to sustainable concepts in the past, a gap was
noted, however, in studies that linked CE to vernacular architecture. In Egypt, sustain-
able and circular design solutions are fundamental for addressing climate change. Egypt
has multiple examples of vernacular and neo-vernacular buildings, thus providing many
opportunities to learn from their techniques. Several studies have also highlighted the
value of learning from vernacular buildings in Egypt. For example, a study by Ahmed [51]
investigated three vernacular buildings constructed by Bedouin residents in Siwa Oasis,
highlighting best practices and appropriate systems that were implemented for climate-
responsive low-carbon buildings. The study also highlighted the lessons learned from
environmentally friendly approaches in terms of building with local materials, passive
cooling techniques, natural daylighting, and the best use of available natural resources [51].
Dabaieh [49] investigated energy-efficient and low passive strategies in a contemporary
vernacular building in Saint Catherine, Sinai, Egypt, highlighting how vernacular design
concepts were integrated when designing modern contemporary buildings. Fouad and
Mostafa [52] discussed the potential benefits of adapting aspects of vernacular architecture
for a more sustainable quality of life in arid regions in Egypt. Fernandes et al. [53] investi-
gated strategies used in Mediterranean vernacular architecture by analyzing cases from
southern Portugal and Northern Egypt, identifying key vernacular climatic strategies that
can be used for improving contemporary buildings” energy performance. However, more
studies are still needed that explore how learning from vernacular concepts can be useful
in the future adoption of CE in contemporary buildings.
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3. Methodology

This study uses an investigative and exploratory methodological approach. A litera-
ture review initially supported the identification of gaps in research that explore the link
between concepts and examples of circular economy and circularity within vernacular ar-
chitecture. After these gaps were identified, two cases were examined using an exploratory
approach. The first case is a vernacular settlement that shows examples of circular design
and construction techniques, while the second case represents a contemporary settlement
that aims to revive vernacular architecture with respect to context. Four main circular
design principles were elected as indicators of circularity from the literature review and
were used in the case study analysis. The principles are: (1) reduce by design, (2) refuse,
reduce, and reuse, (3) repair, refurbish and remanufacture, (4) repurpose and recycle. The
principles were summed up from the reviewed classifications to include many of the key
circular principles indicated in the investigated literature. In addition, these principles also
share many of the ideas that were found to be rooted in vernacular architecture concepts.
Two of the principles were merged together in our investigation as they resemble the
principle of the 5 Rs, which are: refuse, reduce, reuse, repurpose, and then recycle. The
methodological steps followed in this study are shown in Figure 1.

Bibliometric analysis

[ J » Scopus database

VOS viewer software

[ ] ' Refuse, reduce and reuse
5Rs
[ ] [ ] Repurpose and recycle

Reduce by design
Repair, refurbish and remanufacture

Random semi-
structured walking Photography
[EVETS

Figure 1. The methodological approach and steps followed in this study.

3.1. Identifying Gaps in the Literature Connecting the Circular Economy with Vernacular
Architecture

To identify gaps in the literature that make the connection between the circular econ-
omy and vernacular architecture, this research used bibliometric analysis, searching Scopus
database results from the last 10 years. To illustrate the bibliometric analysis, VOSviewer
software was employed to depict the most used keywords within the field of the circular
economy in relation to architecture, as shown in Figure 2. The first keywords used were
“circular economy” and “vernacular architecture”. There were only two publications that
have a close connection to the circular economy. Both publications were based more on
“shape grammar” and product design than on architecture. Shape grammar is considered
a generative and algorithmic language and design tool that was established by George
Stiny and James Gips in 1971 [54]. Yet, when replacing the search phrase “vernacular
architecture” with “architecture” and “built environment”, more links and publications
appeared, with 141 for “architecture” and 200 for “built environment”. Most of the papers
related to architecture and the built environment mentioned topics related to sustainability,
waste management, building materials, life-cycle assessment, economics, and ecology.
These results concretely demonstrate the gap in research that links the circular economy
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and vernacular architecture, compared to research focused on circularity and architecture
in general.
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Figure 2. The gap between research on the circular economy and vernacular architecture is shown in
(a), while (b) and (c) show the connection between research on the circular economy and the built
environment/architecture.

3.2. Case Study Investigation

The two case studies chosen are located in the Western Desert of Egypt. The traditional
vernacular case study that was selected is in Balat Town in Dakhla Oasis, whereas the
contemporary case study is Adrere Amellall Ecolodge in Siwa Oasis. Following suggestions
from [55-57] to select a single case study location to maximize what can be learned in terms
of comparability in the period of time available for the study;, field trips to the Western
Desert were conducted in 2016 and 2017 to visit the two case-study sites. Several tools
were used during these visits, including field notes, field observations, random semi-
structured walking interviews with 20 locals, structured interviews with two architects,
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and photography. After a year of site visits, the data was analyzed using circular economy
approaches from the literature review to assess the vernacular architecture.

3.3. Case Study Description

The town of Balat, built at the eastern entrance of the Dakhla Oasis, is situated at
the junction of two old caravan routes in the Western Desert of Egypt [58]. Records refer
to Balat as early as the 14th century [59]. Ancient Balat was a significant kingdom in the
oasis [60] and was considered the chief town and headquarters for the governor of the
oasis in Egypt at the end of the Old Empire (2350-2150 BCE) [61]. The main economic
activity in Balat was and still is farming. They have a self-sufficient system for growing
their local crops, given their remote location. Balat residents rely on underground fossil
water for irrigation and drinking, as there is no water supply or drainage infrastructure.
Furthermore, dry toilets are used, where organic wastes are composted to be used as soil
fertilizers or as bio-fuel dunk cakes. This is one example of “closing the loop”. Inhabitants
have long adapted their dwellings to the tough, hot dry desert climate. Balat’s inhabitants
are accustomed to using passive techniques, especially for cooling. This is evident in the
use of air shafts, shading, cross-ventilation, and high-thermal-mass building envelopes. In
addition, the construction solutions adopted, using locally available materials, decrease the
processing and transportation costs of building materials. Thus, the building outcomes are
less energy-demanding and more environmentally friendly than many modern solutions.
The main construction materials in Balat are clay, palm reeds, and acacia wood, as shown
in Figure 3. Bearing-wall construction using sun-dried adobe mud bricks is the typical
building technique. Such applications in building design and construction are based on
cumulative previous experiences and tacit knowledge through trial and error.

Figure 3. The usage of adobe clay bricks, together with reeds and acacia wood, in construction at
Balat Town in Dakhla Oasis.

Adrere Amellal Ecolodge was built in 2000 and is located in Siwa Oasis. It faces the
salty lakes prevalent in the Western Desert and is surrounded by the white mountains
of Siwa. The Oasis offers materials such as limestone, palm and olive trees, salt rocks,
and clay that are unique compared to the typical materials available in the surrounding
environment [62]. One of the most significant resources in the Oasis is the salt extracted
from the salt lakes and the therapeutic mud, which is considered a unique geological
phenomenon of the area [63]. The lodge includes residential units, a restaurant, and a
healing center, which are all built from local salt “kershif” and clay for bearing-wall building,
as shown in Figure 4. In addition, there is a water spring, as well as an organic farm that
produces crops for self-sufficient farming. Adrere Amellal applies circular thinking and
self-sufficiency, inspired by traditional and vernacular thinking. For example, the ecolodge
depends on growing and cultivating its own crops, and the use of locally sourced natural
materials in building construction and for furniture pieces. The eco-lodge has a local waste
management station for treating wastewater and garbage, as well as an organic waste
composting station, as shown in Figure 5. The architectural design of the building includes
many passive strategies, like solar orientation, high thermal mass through the thickness of
the wall, shading, passive cooling, and cross-ventilation.
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Figure 4. The usage of kershif, and palms plastered with salty mud, at Adrere Amellal Ecolodge in
Siwa Oasis.

Figure 5. Self-sufficient farming and the water spring in Adrere Amellal Ecolodge.

4. Results
4.1. Refuse, Reduce, Reuse, Repurpose and Recycle

From the field observations and investigations using the UNED circular economy’s
four principles, the researchers noticed that indigenous vernacular communities tend to
apply the “5 R” principles, firstly, “refuse and reduce”, using materials from outside their
local context. They have learned from experience that importing non-local materials causes
more problems than benefits in the long term. If non-local materials are necessary, they are
reduced to a minimum and only brought in for essential needs. After the “end of life” stage
of vernacular buildings, the building’s materials can be easily recycled again. For example,
mud bricks can be easily reused and molded again into new, fresh mud bricks. Wood used
in the construction of roofs, if in good condition, can be repurposed again for roofing or
can be reused for doors, windows, stairs, farming tools, or other homemade furniture, or
upcycled for other functions. As a last option, if the wood is not of good enough quality for
any other use, it can be used as charcoal for heating or cooking. Furthermore, it is possible
to allow wood to rot/biodegrade if it has no further functionality. Similarly, mud bricks
can also be broken down as clay in the soil. One outcome from the interviews with the
locals, from a user-to-user perspective, is that in both the Balat and Adrere Amellal case
studies, reused palm reeds were employed in construction. They were particularly useful
in constructing the ceiling and roof, as well as being integrated into the design of other
products. With almost no extra cost, the use of palm reeds is highly recommended due to
their compressive strength and good resistance to the harsh desert climate.

4.2. Reduce by Design

Vernacular settlements were constructed in a minimalistic way. Indigenous vernacular
communities are used to the principle that “forms follow resources”. Taking Balat as an
example, the main architectural design solutions are based on the concept of reducing
the quantity of raw natural materials used in construction to the greatest extent possible.
Reducing the quantity of materials used in construction and reducing the quantity of waste
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materials was a conscious decision. Vernacular dwellers are aware of how precious raw
materials are, and they know from their accumulated experience how they can most effec-
tively and efficiently use raw materials. Almost no waste is produced during construction,
and any leftovers are used for other functions. From interviews with locals in Balat, an
example of this can be seen in the way the components of palm trees are used in vernacular
construction. The palm wood trunks, for instance, are used as the main beams in the roof
construction. Furthermore, palm reeds are used as secondary beams by bundling them
together as mats and then placing them over the main wood trunk (wood logs). Lastly, the
leaflets around the palm reeds, when taken away, are used in furniture manufacturing or in
weaving different sorts of household utilities, like food baskets and even bags. The palm
fibers, located around the tree trunk, are also taken away and used for weaving baskets.

Adrere Amellal Ecolodge implemented construction methods reflecting the local
vernacular architecture of the region, where the emphasis was on materials that are available
in the desert. This helps avoid using harmful materials that pollute the environment or that
consume more energy, either through construction machinery, transportation, or kiln-firing.
From the interview with the two principal architects who designed Adrere Amellal, they
mentioned that the design morphology of Adrere Amellal Ecolodge is based on thick
kershif (a biodegradable combination of salt-rock and mud mixed together) walls that
can vary between 40 and 80 cm and act as a thermal insulator. Kershif was selected in
the early stages of the design for both the construction of the building and for built-in
furniture design. Raw salt, extracted from the salt lakes in Siwa Oasis, as well as palm reeds
from the site, were also used to construct the built-in furniture. Salt and palm reeds cost
close to nothing to use and helped reduce the embodied carbon in both the construction
process and in lifetime energy usage. Using both kershif and salt that were extracted from
the same site allow reducing the transportation of the materials to the site. It was also
observed that kershif can be easily disassembled as blocks, to be used again in construction
or decomposed in the soil.

4.3. Repair, Refurbish and Remanufacture

Vernacular buildings in Egypt, especially those constructed from earthen materials,
need regular maintenance and repair throughout their lifetime. From our interviews and
field observations, we found that the locals use seasonal celebrations as opportunities
to perform quarterly, annual, or sometimes bi-annual maintenance. Families festively
gather to help each other conduct maintenance on the interior or the exterior of buildings.
These activities keep their buildings fresh and reduce the possibility of any damage or
deterioration due to harsh desert weather conditions. Regular repair and maintenance help
increase the lifespan of buildings and reduce the need to replace parts. When needed, major
repairs, such as the replacement of a structural element, patching walls or roofs, or the
replacement of doors and windows, can also be conducted outside of celebration periods.
Heavy rains can cause earthen building deterioration, thus requiring regular maintenance.

From the interview responses that were received, one interviewee mentioned that in
the high rainy seasons in winter, rain and evaporation cause damage to some buildings,
which then require maintenance. For instance, in Adrere Amellal, the crystallization that
occurs in salt particles due to humidity in the summer can lead to the evaporation of
some salt particles, while during winter, the rain can cause cracks and damage to the
building. Accordingly, depending on the state of damage, annual repairs and renovation
work are required to restore the building to its original state. In this case, two treatments
are performed, either filling the cracks with a new mixture of kershif and plastering it with
clay, or in the case of the total destruction of a wall, an entire wall can be replaced with a
new one.

5. Discussion

From this explorative study, we can deduce that circularity in design should look at
the building as a kit instead of looking at the building as a traditional structure. Design and
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building should be considered from the lens of disassembly, easy maintenance, and being
easy to upcycle or reuse. Architects should design buildings to be easily taken apart so
their materials can be reused in another building. Increasing not only a building’s life span
but the life span of its materials is another essential part of circular thinking and the circular
economy. This might sound a bit challenging, but designers have to not only get used to
working with smaller palettes of reusable materials but also design building components
for disassembly as well as assembly. Yet design for disassembly, or, as some call it, “Design
for Deconstruction” (DfD), offers other concerns that need to be considered. For instance,
the circular design process itself requires new skills; it needs more flexibility in drawings
and designs and more flexibility in terms of deadlines for assembly and disassembly.

Design for disassembly or for re-building was the primary method of conceptualiz-
ing vernacular architecture in Egypt. Designs differ from one building type to another
and depend on the availability and use of construction materials. Earth, reeds, straw,
wood, woven textiles, and jute are raw building materials that are easy to disassemble as
small components and re-assemble again. As shown earlier in this paper, the focus is on
earthen construction, mainly in the form of sun-dried mud blocks and mud-brick (Adobe)
construction. Bricks are modular units that are easy to cast and assemble and easy to
disassemble for rebuilding. The only design drawback of mud bricks is the time it takes to
disassemble them for re-use. The use of mud bricks in construction can be labor-intensive
and time-consuming in terms of casting and drying. However, nowadays, there are several
methods for mechanical casting using hydraulic machines, which is a fossil-free process.
Nevertheless, they are not as fragile as fired bricks, which can later be broken up easily
during disassembly. Additionally, if any damage happens to sun-dried adobe bricks, they
can be easily repaired using mud paste or clay mortar.

Both case studies in this paper were rich in showing the different usage of the local
materials in many ways, whether in construction or in products. In addition, using adobe
and kershif as traditional building techniques through time opens new doors for integrating
many advanced techniques in construction, from 3D printing or robotics to traditional
techniques, to enable faster building. For reducing the maintenance of adobe and kershif
buildings, new additives can be integrated into the mixture that will prevent or reduce
structure cracks and shrinkage with time, like adding lime and natural fibers.

Some circular materials also rooted in vernacular architecture are bio-based materials.
Very soon, natural substances, such as weeds, algae, bacteria, enzymes, and even proteins,
will be used to grow materials that will replace today’s plastics and other industrial
building and construction materials. The main goal of the development of these nature-
based materials is to avoid the production of toxic waste during materials manufacturing
processes and during their reuse and disposal. Ideally, these biomaterials can have positive
impacts once they are no longer used in construction. For example, at the end of their
lifespan, they could be used as animal feed or compost. It is worth mentioning that bio-
fabrication is the future for circular design and soon, a supply chain will be integrated into
the materials for building construction. Figure 6 illustrates a linear way of thinking, using
industrial materials, and a circular way of thinking, using natural and renewable materials.

Still, there are challenges facing circular design and construction. Firstly, even if
buildings are designed and constructed with circularity in mind, we cannot always build
everything from new. Transforming existing old buildings through rehabilitation or adap-
tive reuse must be the number-one alternative, and rehabilitation can be performed with
circular design concepts. One other challenge, depending on the size of the building, is
that the process of assessment for reclaiming old materials can be time-consuming. It can
also be hard to identify every single building component and decide which materials are
reclaimable or not, especially when the issues of toxicity and the carbon footprint have to
be considered. This chain of decision-making can hinder material reuse. Another challenge
is the lack of standardization, in terms of how different architecture firms and contractors
assess and reclaim materials for reuse. Labor cost is another issue, as experienced workers
can be expensive and could be considered an economic burden on the project during the as-
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sembly and disassembly process. Quantifying designs for reconstruction or deconstruction
can still be very undefined since there are not many well-recognized conventional methods.
Moreover, there is a need for professionals who are able to judge which parts of a building
can be reused as reclaimed materials. At this point in the process, circularity needs a strong
desire and a will for change, necessitating dedicated and enthusiastic actors in the building
sector to step in.
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Figure 6. Comparison between a circular and linear economy in design and construction. The graphic

summarizes the differences in thinking and the impact on the environment.

6. Conclusions

This study discussed four main circular building design concepts in vernacular ar-
chitecture. Two cases in Egypt were chosen for this study’s investigation: a traditional
vernacular settlement and a contemporary project that was inspired by vernacular CE
principles. Points of analysis for the two cases stemmed from key CE approaches that were
found to be common to both circular design and vernacular design.

The focus was on four concepts: reduce by design; refuse, reduce and reuse; repair,
refurbish and remanufacture; and repurpose and recycle. Based on the exploration of these
concepts, this paper posits that the negative environmental impacts of buildings and the
overuse of natural resources can be considerably reduced by drawing inspiration from
vernacular architecture. However, most contemporary buildings are still not designed
according to the principles of circular design, or even close to the concept of circularity.
Available literature focuses primarily on topics such as life cycle assessment for building
materials or the efficiency of innovative materials with low impact and potential for recycla-
bility. A research gap remains on the hands-on design process of circular design and circular
buildings and how architects can integrate circular economy concepts in their designs.

We hope this paper has shown how CE principles are rooted in vernacular heritage
and can still be applicable in contemporary practice. We focused only on four principles
but there are many others that can still be a good source of inspiration. We were limited in
making the comparative work between a contemporary case study and a traditional case
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study. This research is part of ongoing work on investigating more hands-on circularity
strategies in vernacular architecture. Although case studies from Egypt were displayed
in this investigation, the study findings can surely be applied to other climatic zones and
geographical locations. The methodological approach is holistic and will be applicable in
different contexts.
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