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ABSTRACT:

The field of interior design faces increasing and multifaceted challenges related to
sustainability, environmental preservation, as well as the demands of climate change and the
rising environmental awareness. The fundamental problem lies in the necessity to develop and
use innovative and sustainable materials in interior design, so that they meet the evolving and
diverse needs of clients without causing negative impacts on natural resources or increasing the
carbon footprint of buildings and designed spaces. In this context, sustainable mobile units
emerge as pioneering solutions, due to their flexibility in use and high economic efficiency,
alongside full compliance with environmental standards aimed at protecting nature and
reducing harmful emissions. These units provide living and working environments
characterized by quick responsiveness and the flexibility required to meet the fast-paced and
continuously changing lifestyle and work patterns.

This research aims to elevate the quality of life and sustainable living by reducing the carbon
footprint compared to traditional buildings, through adopting and using innovative and
sustainable materials in the field of interior design that meet client aspirations and align with
contemporary requirements. The importance of this research stems from highlighting the most
important eco-friendly materials and substances that interior designers can rely on in their
projects to achieve high-quality designs that keep pace with current environmental challenges,
ensuring the improvement of the design environment’s quality and providing a healthy and
comfortable environment for the end-user. Additionally, the research contributes to enhancing
the understanding of the importance of green building and the use of sustainable materials in
modern design, thereby effectively supporting long-term sustainable development.

The research relies on the descriptive-analytical methodology, which combines a review of the
literature related to sustainable interior design, analysis of recent research studies, and
evaluation of practical applications of innovative and sustainable materials in multiple interior
design projects, aiming to provide a comprehensive and integrated vision that contributes to the
sustainable and effective development of modern design practices.

Keywords:
Innovation, mobile units, sustainability, renewable energy

Doi: 10.21608/mjaf.2025.393824.3756 209


mailto:enasgohar94@gmail.com

YoYo byl (Y £) 0ad 23e - pdilal) Alaal) - AuLudy) aglall g 9l g 5 jlandl Alaa
(Aaldiciall dpaiill g olilaaY) £lSH) — Jg¥) A9l paigall

rpaddall

lllia ) Ayl dagll e Jaliall g 4aluinVl (sl Sla¥) saasie 5 3 Fie Clpasd  JAI) areaill Jlae 4a) 5
(o8 Aalrivea s B S Clald aladiial 5y ki 5y 5 i o Apalal] ACEL Jial selaiall Gl o gl g ) s
Lagdall 3 ) sall oAbl 53l 8 cal) ¢ 50 o Deall de siiall 5 5 el Claliia¥) b Cumy (A1) aranail)
3200 5 J slaS Aaliosall Aall cilas o) jedat (Slaaall 138 3 Aeaaall cilaliall 5  Jlsall A3 50 U diad) 305
Alany alall Al leally Sl Al YT Caila ) e Aualal 5ol 5 aladiul) A Ay e e 4y Sl Ll T las
4 sllaall 43 g pall g Ay pud) LlainaVU i dglae g dpdims il 5 65 Calaa gl 08 3 jliall il Jali g dxgadal) 430))
aisall 53l g de yudly iy G (5 jamndl Jaall g slal) Jas Akl

) re 2 )lie 45 5 SI Aaradl 05 DA (e aldiosall el g 3Lal) 53 5a (5 sianey £l Y1 ) Cand) 138 Caagy
e a2 g e Dl Clallad b5 ¢ Jaal) aperatll Jlae 3 daldiise 5 5 )Sine i aladiud y 35 e @lld g (gl
Ading () oSy 5 Aall Aacall el 5 3 sall 0 o o sl adailids (e aaii Ciad) 138 dpaal | puaall cilillia
Omend lana e cAia) Al ilaaill AS) g 0 5S35 sall Ale Claganal il axy jlie & 210 aaadl Lo
Ll Sasall olid) dpaal agd 3 had 8 ) aal LS| Jlgdl aadiaall Ay o g dpnn Ay 1 51 panaill Ay 3250
Jashall sl e Lalxiuall Lpaiil) Gaiadl Yiad e s elldy laie cduall araaill 8 Lalxiall ) sall aladind
Jalai s calxicaal) Aol apecailly Zilaiall sl Zanl ye m pan G ol da gl gl Lo Can ) adiag
3adne Al aanad oy jLiie (8 Aol iine 55 Siae el Aylaal) cilipdatl) api ) AdliaYl cdipaal) dda ) bl )
(Jld 5 i IS8 Apaal) Eaaatl] il jladll yyshat 8 agast ALalSia 5 ALl Gy ) s Corgy

Asalidal) Cilalel)
daaaciall A8Ual) cdalaiay) cddaviall Q\J;)j\ pshY

1. INTRODUCTION AND RATIONALE

INTRODUCTION

Today's interior designers are faced with serious challenges including climate change,
sustainability, and a lack of appropriate workplace and residential space. Innovative solutions
that integrate environmental responsibility, simplicity, and aesthetics are becoming increasingly
necessary. Sustainable mobile units are coming to be an innovative idea that provides adaptable,
effective, and environmentally responsible solutions for standard places.

KEY WORDS AND DEFINITIONS

Innovation: Innovation is the process of producing and putting into practice novel concepts,
procedures, goods, or services that significantly improve things and add value. It entails
transforming imaginative ideas into workable solutions that raise productivity, effectiveness, or
meet missing requirements [1].

Mobile units: Mobile units are buildings or facilities that are made to be easily transported
from one location to another. Caravans, mobile clinics, and research labs integrated into cars or
trailers are examples of these, they allow flexible use in many locations as needed [2].
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Sustainability: Sustainability refers to the ability to sustain or uphold procedures over an
extended period without wasting natural resources. By striking a balance between social,
economic, and environmental variables, it aims to meet present needs while guaranteeing that
future generations can meet theirs [3].

Renewable Energy: Renewable energy is energy generated from rapidly replenishing natural
resources like biomass, wind, water, and sunlight. These resources contribute to less
environmental effect and dependence on fossil fuels [4].

RESEARCH PROBLEM

The lack of use of innovative, environmentally friendly materials employed in mobile units to
improve the interior design of permanent buildings, provide a comfortable environment, and
preserve the health of the user.

RESEARCH QUESTIONS

e How may environmentally friendly movable units be used into interior design to improve
adaptability and sustainability?

e How do sustainable mobile units affect carbon emissions and quality of life in comparison
to conventional buildings?

e What design techniques and materials maximize mobile units' sustainability and usability?

RESEARCH OBJECTIVES
Improve the quality of life and reduce the carbon footprint compared to traditional buildings by
using innovative materials in interior design that meet the changing requirements of clients.

RESEARCH IMPORTANCE

Highlight the most important environmentally friendly materials that interior designers can use
to ensure the enhancement of the design environment, preservation of the environment, and
provision of comfort and health to the user.

RESEARCH HYPOTHESIS
Integrating sustainable mobile units into interior design can significantly improve flexibility,
economic efficiency, and environmental sustainability, while reducing the carbon footprint
compared to conventional buildings.

RESEARCH METHODOLOGY

This study will use a descriptive analytical approach combining:

Literature Review: To explore existing research on sustainable mobile units and interior
design innovations.

Analytical study: Analysis of sustainable mobile units and materials to identify best practices
and challenges.
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2. CONTEXTUAL TERRITORY

Using Renewable and Lightweight Materials

Mobile units, such as campers and caravans, use wood-based and other renewable materials to
reduce total weight and, consequently, energy consumption over the course of the vehicle's
lifecycle. These materials are more climate-friendly than traditional ones like plastic and
aluminium because they also store CO: during growth and use. This method allows for the
production of trendy and cozy rooms while promoting sustainability without reducing usability

[5].

Transferable and Modular Interiors

With its great degree of modification and space optimization, modular interior design is a game-
changer for mobile units. Because mobile units have limited space, it is essential that
components can be changed out or reconfigured to accommodate changing needs. In keeping
with sustainable design principles, this adaptability expands the life of interiors and lowers
waste. In addition to being useful for mobile living, modular units enable cost-effective
solutions and fast installation [6].

Smart Technology Integration

Mobile units are rapidly using Al and smart home technology to improve user experience,
comfort, and energy efficiency. Smart thermostats, connected appliances, and automated
lighting all maximize energy efficiency and promote sustainability. By creating multipurpose
areas that can be used for a variety of purposes, smart interior design also increases spatial
flexibility by lowering the demand for extra built space and materials [7,8]

Sustainability and Eco-Innovation

Eco-innovations including locally produced and recycled materials, energy-efficient
equipment, and non-toxic finishes are all part of sustainable mobile units. These actions reduce
their negative effects on the environment and encourage healthier living conditions. The
emphasis on adaptation and longevity guarantees that interiors continue to be useful and
relevant over time, reducing waste and resource usage [9,10].

Eco-friendly mobile units’ relationship and impact on human well-being

Studies show that eco-friendly mobile units and human wellbeing have a strong connection,
with environmental, physical, and psychological benefits being highlighted:

e Health and Environmental Impact:

Eco-friendly mobile units improve air quality and lower exposure to dangerous pollutants,
which directly improves public health. They also reduce energy consumption, carbon
emissions, and pollution of the air and water. These units have healthier living and working
conditions because of their reduced environmental effect[11,12].

e Connection to Nature and Mental Wellbeing: By lowering stress and elevating mood,
including green design and natural components into permanent buildings and mobile homes
improves residents' mental health. Research demonstrates that initiatives that enhance
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people's interaction with nature, through digital or mobile platforms, greatly enhance mental
health [14].

e Technology Integration for Sustainability and Health: Employing smart systems and
green technology in mobile and fixed units maximizes environmental performance and energy
use while promoting occupant comfort and health. During pandemics, mobile health units are
particularly important for everyday care and well-being, but their environmental impact needs
to be carefully controlled [15,16].

e Behavioural Influence: Studies have demonstrated the effectiveness of mobile units’
materials that encourage sustainable behaviours (e.g., cutting emissions, supporting eco-
friendly transportation) in minimizing environmental impact and promoting healthy lifestyle
choices, which in turn promote well-being [17,18].

e Social and Accessibility Dimensions: Micro-mobility solutions and using environmentally
friendly mobile unit materials in fixed buildings can improve social inclusion and accessibility,
but certain groups may not be able to use them due to issues like cost and technical proficiency.
They provide flexible, sustainable living and transportation alternatives, which, once available,
enhance subjective well-being [13].

An overview, the combination of eco-friendly methods, modular adaptability, lightweight
renewable materials, and intelligent technology integration defines innovation in sustainable
interior design. Together, these components produce movable and fixed areas that are efficient,
adaptable, comfortable, and ecologically friendly, demonstrating a progressive approach to
interior design within the framework of sustainability and mobility.

Additionally, eco-friendly buildings improve human well-being by lowering pollutants,
promoting physical activity, improving air quality, and improving mental health by connecting
people with nature. Such buildings are significant contributors to sustainable development and
enhanced quality of life since they combine behaviourally supportive buildings with sustainable
technologies to further enhance these advantages.

3. LITERATURE REVIEW

Interior Design Sustainability

In order to maximize lighting, thermal comfort, ventilation, and water use—all of which
contribute to operational efficiency and cost savings—smart interior design solutions integrate
sensors, gadgets, and computing platforms. By lowering the need for numerous design elements
and increasing the life of interior spaces, smart materials and furniture further improve
sustainability. Examples include phase-changing materials that control temperature and smart
solar energy systems integrated into interior finishes [19].

Community Initiatives and Sustainable Design Approaches

The integration of environmental limitations into the design process through eco-design
frameworks and community initiatives is another way that sustainability in design is covered.
These strategies provide an emphasis on the useful use of sustainable design principles in the
creation of goods and services, which can be applied to permanent and mobile internal units.
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These frameworks enhance the development of sustainable practices by integrating ecological
responsibility with innovation [22].

Innovations in Sustainable Materials and Construction

One of the main innovations in mobile interior design, according to recent trends, is the use of
environmentally friendly materials. In order to improve durability and insulation while lowering
weight and environmental impact, lightweight, renewable materials like recycled aluminium,
expanded polypropylene (EPP), and wood-based composites are being utilized more and
more[23, 24]. For instance, the new Twins campervans from Adria Mobil use lightweight,
100% recyclable EPP cabinets, which lower weight and release of carbon dioxide [ Figure 1,
27]. Furthermore, by lowering dependency on outside power and maintenance resources, solar-
integrated walls and self-cleaning surfaces improve hygiene and energy efficiency [20,25].
Innovative materials that improve flexibility and energy efficiency, such phase-changing pellets
and smart glasses, are essential to sustainable movable interior modules. For instance, structural
glass provides durability and transparency for dynamic interior applications, while smart
building technologies allow interiors to modify their functions and atmospheres to support
sustainability objectives [19, 24].

GERMAN
DESIGN
WINNER
: , P e , : 2025
Figure 1: Adria's Twin vans are known for their creative design, dependability, and simplicity of use,
making them one of the most popular campervans. In the past, the Twin series was a pioneer in a number
of useful design ideas, including the panoramic roof window and other developments

[https://www.adria-mobil.com].

Nature-Based Design and Green Architecture:

Some studies have highlighted the importance of integrating nature-based design and green

architecture in interior spaces, especially in mobile administrative units. These studies focus on:

e Using modern technologies and materials to enhance diversity and innovation in interior
spaces.

« Overcoming the challenges facing the application of sustainability in interior design.

e Enhancing individuals’ well-being and increasing their productivity through healthy and
sustainable work environments.

« Applying sustainable design strategies such as improving air quality, visual and acoustic
comfort, and rationalizing energy consumption [28, 29].
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Climate Adaptability, Comfort, and Luxury
Contemporary caravan designs are developing to rival conventional living areas to provide a
cozy and luxurious experience. In addition to spa-like bathrooms with rainfall showers, high-
end features like leather couches, quartz worktops, and bamboo flooring are becoming more
and more popular [20, 22]. The challenges of mobile living in harsh climates like the UAE are
addressed by climate control improvements, such as improved insulation and solar-powered
systems, which guarantee comfort in a variety of indifferent environments [ 20, 26].

Industry Acknowledgment and Upcoming Prospects

The industry's dedication to sustainability and innovation is demonstrated by honours such as

the European Innovation Award 2025, which Adria's Twins campervans received for their

clever interior design and sustainable materials [27]. With an emphasis on the full value chain

from materials to craftsmanship, trade shows like as Interzum 2025 highlight how lightweight

engineering and sustainable materials have the potential to revolutionize mobile units design

[23].

In summary, several major themes appear from the literature on interior design innovation using

sustainable mobile units:

e By maximizing resource consumption and enhancing occupant comfort, smart technologies
(10T, sensors, and Al) included into mobile interiors improve sustainability [ 19, 25].

e By increasing product life and decreasing waste, expandable interior areas address
environmental impact and personalization [20,21].

e Eco-design frameworks and grassroots initiatives offer useful examples of how to
incorporate sustainability into design procedures [22].

e Dynamic, energy-efficient interiors that adjust to changing needs are made possible by
advanced materials and smart building techniques [ 19, 24].

According to the literature, innovative interior design for sustainable buildings incorporates

numerous elements, such as cutting-edge eco-friendly materials, multipurpose and space-saving

furniture, smart technology, and luxurious finishes tailored to permanent and mobile lifestyles.

By improving user experience and lowering environmental effect, these innovations make

sustainable buildings affordable and attractive.

In order to improve interior design for fixed buildings in an ecologically conscious way, this

body of research suggests a multidisciplinary strategy that combines material innovation,

technology, and sustainable design principles.

4. ANALYTICAL STUDY

e PROCEDURE FOR SAMPLING

Most New Sustainable Materials for Caravan Construction

A number of innovative, environmentally friendly materials are revolutionising caravan
building, according to recent industry advancements and studies. These materials are intended
to reduce their negative effects on the environment, increase resource efficiency, and improve
the comfort and health of occupants.
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Table [1] Innovative Eco-Friendly Materials

Natural Fiber
Composites (NFCs)
Engineered Wood
(CLT, plywood)
Hempcrete, Straw
Panels
Bio-based/Recycled
Insulation

Bamboo

Eco-friendly
Composite Panels
Celuka Composite

Low-VOC/Recycled
Finishes

Recycled Polymers &

3D Printing

Renewable, biodegradable,
low toxicity

Renewable, carbon storage,
lightweight

Carbon-negative, excellent
insulation

Moisture control, low
toxicity

Fast-growing, durable,
renewable

Lightweight, moisture-
resistant, recyclable
Rot-free, flame retardant,
recyclable

Improved air quality, reduced
waste

Minimizes waste, enables
circular design, customizable

Panels, insulation, interiors
Frames, walls, furniture
Walls, floors, insulation
Wall/roof insulation
Furniture, cabinetry, finishes
Walls, floors, roofs

Walls, cabinetry

Paints, fittings, surfaces

Camper structures, interior
panels, insulation, temperature

regulation
Recycled Aluminium Frames, chassis, cladding

and Steel

Durable, lightweight, reduces
resource use

This table highlights alternatives that combine environmental benefits with performance and
health considerations, reflecting the most recent sustainable advances in caravan materials.

Innovative Eco-Friendly Materials:

Natural Fiber Composites (NFCs): NFCs are biodegradable, have little embodied energy, and
have strong mechanical qualities because they are made from renewable fibres including hemp,
flax, jute, and bamboo. They are gradually replacing the position of fibreglass and traditional
polymers in panels, insulation, and interior fixtures [30, 31,32].

Engineered Wood Products (such as plywood and cross-laminated timber (CLT), are
structurally strong, carbon-sequestered, and renewable. They provide a lightweight and
environmentally friendly replacement for metals and plastics in furniture, walls, and frames

[33.23].

Hempcrete and Straw Panels: Hempcrete is a bio-composite made of hemp fibres and lime
that is valued for its low toxicity, insulating qualities, and carbon-negative footprint.
Compressed straw is used to make straw panels and boards (such as EcoCocon and Ekopanely),
which offer extremely insulating, biodegradable, and renewable wall systems [ 32,34].
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Bio-based and recycled insulation: Insulation derived from grass fibres (like Gramitherm®),
sheep's wool, and recycled fabrics provides superior moisture control, low toxicity, and thermal
performance, resulting in more pleasant and healthy caravan interiors [32, 35].

Sustainable Bamboo: Bamboo is perfect for furniture, cabinetry, and interior procedures since
its rapid renewability as it grows much faster than hardwoods—up to one meter per day, low
environmental impact as it absorbs more carbon dioxide and releases more oxygen than most
trees, strength, light weight, resistant to cracking, warping, moisture, and insects make it a
superior sustainable choice for innovative furniture compared to traditional wood materials. Its
use decreases dependency on plastics and hardwoods that grow more slowly[ 31,35].

Composite Sandwich Panels (with Eco-Friendly Cores): These panels combine lightweight
skins (such fiberglass or GRP) with recycled PET foam or natural fibre cores in place of
conventional polystyrene. These panels have a smaller environmental impact and provide
enhanced insulation, durability, and moisture resistance [ 36, 37].

Celuka Composite: A strong, recyclable PVC-based material for cabinets and walls. It is
lightweight, flame-resistant, rot-free, and adaptable, but its sustainability ratings rely on how it
is made and recycled [ 37].

Low-VOC and Non-Toxic Finishes: By reducing chemical exposure and waste, low-VOC
paints, recycled fixtures, and plastic-free finishes enhance indoor air quality and sustainability
[ 35].

Recycled Polymers & 3D Printing: By using recycled polymers, creative 3D-printed campers
greatly reduce waste and enable circular design concepts. Phase-change materials, recycled
textile wall panels, and biobased insulation can all be used inside to improve comfort and
passive temperature control [ 38].

Recycled Steel and Aluminium: They are frequently used for caravan frames, chassis, and
cladding because they are lightweight, durable, and have less of an adverse effect on the
environment than virgin metals. Recycling helps achieve sustainability goals by reducing waste
and resource exploitation [ 39,38].

In conclusion, natural fibre composites, engineered wood products, hempcrete, straw panels,
low-VOC/recycled finishes, bamboo, recycled and bio-based insulation, and advanced
composite sandwich panels are the most cutting-edge environmentally friendly components
used in caravan building. These materials were picked because they are long-lasting,
sustainable, and can be used to make mobile homes that are healthier and less harmful.
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e SWOT ANALYSIS

SWOT

Innovative Eco-Friendly Caravan Materials

B STRENGTHS

.

e High sustainability scores
(CLT, hempcrete,
recycled metals)

e Low human harm for
natural materials
(hempcrete, CLT)

o Cost-effective natural
options (£20-50 per m?)

» Established global pradution
hubs for metals and timber

e Innovative 3D printing with
recycled polymers enables

circular design

A

£) WEAKNESSES

e Higher human harmin
metals and composites
due to emissions

e Limited production capacity
in emerging markets
(e.g. Egypt)

o Durability and maintenance
challenges for natural
materials

 Higher costs for advanced
composites (E60-100 per m?)

N

{¢) OPPORTUNITIES

e Growing global demand
for sustainable caravans

e Advances in low-VOC
adhesives and greener
manufacturing

o Expansion potential in
emerging markets like Egypt

e Circular economy innovations
with recycled polymers

and 3D printing

F

o Supply chain vulnerabilities
for metals and composites

o Competition from

conventional, cheaper
materials

e Regulatory and certification
hurdles for new materials

o Environmental impacts
of energy-intensive
manuracturing

|

B

According to this SWOT analysis, innovative environmentally friendly materials like
hempcrete and CLT have significant health and sustainability advantages and are
becoming more widely accepted and supported by technology. However, there are still issues
with market competition, regional production capacity, and manufacturing emissions.
Increasing acceptance and optimizing the environmental and social benefits of these materials
in caravan building will require utilizing technology advancements, increasing local production,
and enhancing customer education.
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e INTERPRETATION OF DATA AND ANALYSIS
» Sustainability and Human Harm Ratings of Innovative Caravan Materials During

Table [2] Sustainability and Human Harm Ratings of Innovative Caravan Materials

Recycled
Aluminium

Composite
Sandwich Panels

Recycled Steel

Sustainably
Sourced Wood

Bamboo

Low-VOC
Finishes

Glass Reinforced
Plastic [GRP]
(Fiberglass)
Cross-Laminated
Timber (CLT)

Hempcrete

Mycelium
Composites

95

70

80

85

90

85

50

30

60

40

15

20

10

Manufacturing involves energy-
intensive smelting and emissions;
exposure to dust and fumes can affect
workers.

Use of synthetic cores like XPS foam
involves VOCs and formaldehyde
emissions, which can cause respiratory
irritation and long-term health risks.
Steel production emits pollutants and
dust; recycling reduces impact but still
involves exposure to heavy metals and
particulates.

Low-VOC adhesives minimize
formaldehyde emissions; responsibly
harvested timber supports carbon
sequestration.

Rapidly renewable with minimal
chemical processing; ideal for interiors
and fittings.

Eco-friendly paints and adhesives
reduce indoor air pollution and long-
term health risks.

Lightweight and water-resistant but
relies on plastic composites; production
involves non-renewable resources.
Generally low toxicity; risk mainly
from adhesives or resins used, which
may emit low levels of formaldehyde.
Low toxicity; manufacturing mostly
natural with minimal chemical
processing.

Biodegradable and low toxicity;
manufacturing is low-impact but still
emerging technology with limited data.

This table, which is crucial for sustainable caravan design, strikes a balance between
occupational and user health factors and environmental benefits.
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Human Harm percentage represents possible health hazards resulting from formaldehyde,

dust, volatile organic compounds (VOCs), chemicals, and emissions during the manufacture
and usage of materials.

Recycled Steel: Recycling steel decreases the environmental impact of primary steel
manufacturing, but it still releases dust and pollutants and exposes workers to particulates and
heavy metals [ 40].

Recycled Aluminium :Recycling aluminium has a far smaller environmental impact than
primary production, but it still requires a lot of energy and may expose workers to fumes and
dust. Particulate and emission exposure is one among the health concerns associated with
smelting and recycling [41, 42, 43, 44].

Composite Sandwich Panels :Composite panels, particularly those with chemicals cores like
extruded polystyrene (XPS)foam, frequently contain adhesives and resins that release
formaldehyde and volatile organic compounds (VOCs). These emissions have been linked to
long-term health dangers including cancer risk, and irritation to the lungs[ 40].

Sustainably Sourced Wood: Plywood and other engineered wood products with low volatile
organic chemicals (VOCs) strike a compromise between minimal harmful effects and structural
integrity. However, destruction may result from inappropriate sourcing [ 45, 46].

Low-VOC Materials and Bamboo: Because of its quick growth and minimal toxicity, bamboo
is perfect for environmentally aware interior design. Its combination with low-VOC finishes
guarantees better indoor air quality [ 46].

GRP (Fiberglass) and Foam Insulation: Insulation made of GRP (Fiberglass) and foam is
dependable and resistant to decay, although it depends on plastics. Although closed-cell foam
insulation uses synthetic materials, it lowers the possibility of mould growth [47].

Cross-Laminated Timber (CLT) :Although CLT is often not harmful, the glues used to make
it may release small amounts of formaldehyde. Modern polymers with extremely low carbon
emissions, frequently below regulatory levels, include polyurethane (PUR) and soy-based glues
[ 45].

Hempcrete :Hempcrete requires very little chemical processing and is a very sustainable
material. Because it is primarily made of natural materials, it has low toxicity and little toxic
fumes. In addition to being biodegradable, hempcrete absorbs carbon throughout its life cycle
[ 46].

Mycelium Composites :Mycelium composites are low toxicity and biodegradable. The energy
required for culturing and processing, which varies based on the energy source, is the main
factor influencing the environmental effect of their production. Although there is little evidence
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and the technology is still developing, they are generally regarded as a low-harm and sustainable
material [ 47].

Note: For manufacturers, transparency in material sourcing and adherence to formaldehyde
emission standards (e.g., <0.09 ppm) are critical for reducing health risks [45, 47].

» Sustainability, Human Harm Ratings, Cost and Country Usage of the Most Innovative
Caravan Materials

Table [3] Sustainability, Human Harm, Cost, and Country Usage of Innovative Caravan

Materials

Cross- 85 10 $41-$68 | Austria, Germany, = Popularin
Laminated per m? Canada, Sweden, Europe,
Timber USA, North
(CLT) Australia, Egypt America,
(import/use Asia-Pacific;
possible, not major | Egypt uses
producer) timber in
construction
but is not a
major CLT
producer.
Hempcrete 90 5 $28-$55 | UK, France, USA, = Used mainly
per m2 Australia, Egypt in Europe,
(limited pilot North
projects/interest) America,
Australia;
Egypt has
emerging
interest in
hemp-based
materials.
Recycled 95 30 $2,000 - China, USA, Major
Aluminium $3,000 per Germany, production in
ton Japan, Egypt China, USA,
(producer, 0.2% Germany,
global share) Japan; Egypt
produces
aluminium
and recycles
to a limited
extent.
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Composite 70 60 $68 - $136 USA, Germany, Manufactured
Sandwich per m? China, Egypt mainly in
Panels (import/use developed
possible, not major markets;
producer) Egypt
imports and
uses

composites in
construction,

not a major
producer.
Recycled 80 40 $600 - China, USA, India, = Large-scale
Steel $1,200 per Germany, Egypt production
ton (producer/recycler) globally;
Egypt

produces and

recycles steel
for

construction.

The table offers a comparison of the five main components utilized in creative and
environmentally friendly caravan construction. It assesses each substance according to four
important criteria: Average cost, potential harm to humans during manufacturing, sustainability
rating, and the nations where these resources are frequently used or manufactured. It also has
remarks emphasizing significant background information.

Cross-Laminated Timber (CLT): CLT is manufactured extensively in Germany, Austria, and
other European nations, and its markets in North America and Asia-Pacific are expanding [48,
49]. Egypt is not a large producer of CLT, although it may import it and uses it in building.

Hempcrete: Popular in the USA, Australia, France, and the UK. While some studies and pilot
projects have demonstrated Egypt's interest in hemp-based construction, widespread adoption
is still in early stages [ 50, 51,52].

Recycled Aluminium: China, the United States, Germany, and Japan are the top manufacturers
of recycled aluminium. Egypt has the ability to recycle aluminium, primarily for domestic
consumption, and produces 0.2% of the world's total output [53, 54].

Composite sandwich panels: They are mostly made in China, Germany, and the United States.
Although it is not a big manufacturer, Egypt imports and uses these panels for building [55].
Recycled steel: It is mostly produced in Germany, China, the United States, and India. Egypt
has a large steel sector and recycles steel for use in domestic manufacture and building [54].
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Note:
e Egypt produces steel and aluminium and engages in recycling in both industries, but it is
not a significant player in the world market for CLT or composite panels.
e In Egypt, hempcrete and CLT are becoming more popular for environmentally friendly
building, while widespread use is still in development.

5. EXPECTED OUTCOME

The incorporation of eco-friendly materials originally developed for mobile living and working
environments—such as hempcrete, natural fibre composites, recycled metals, and cross-
laminated timber (CLT)—can significantly enhance the sustainability, usability, and occupant
comfort of fixed buildings. These materials offer an optimal balance between environmental
impact, human health safety, cost-effectiveness, and durability when applied to interior design
in permanent structures.

Furthermore, the research highlights the potential of integrating smart technologies, including
the Internet of Things (loT), adapted from mobile units to optimize resource consumption,
improve indoor environmental quality, and increase the adaptability and flexibility of interior
spaces in fixed buildings. This integration supports more sustainable, healthy, and user-centred
living and working environments that respond effectively to evolving occupant needs.

6. CONCLUSION

Sustainable mobile units, which successfully combine mobility with environmental
responsibility, offer valuable insights and innovative approaches for enhancing interior design
in fixed buildings. Compared to conventional materials such as composites and metals that
involve higher production emissions, the adoption of renewable, low-toxicity materials like
cross-laminated timber (CLT) and hempcrete significantly reduces environmental impact and
health risks when applied in permanent building interiors. While recycled steel and aluminium
contribute in durability and recyclability, their energy-intensive manufacturing and associated
human health concerns require careful assessment in fixed building applications.

The integration of smart technologies originally developed for mobile units enhances
sustainability by enabling efficient resource management and personalized occupant
experiences within fixed building interiors. However, challenges remain concerning regulatory
frameworks, market perception, and production flexibility, especially in emerging economies.
Overall, the future of sustainable interior design in fixed buildings is likely to be shaped by
combining innovative design strategies with eco-friendly materials derived from mobile unit
development, promoting healthier, adaptable, and environmentally responsible living and
working spaces.
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RECOMMENDATIONS

Investigate the adaptation of renewable materials (e.g., CLT, hempcrete) from mobile units
for fixed building interiors to enhance sustainability and occupant comfort.

Analyse the cost-effectiveness and environmental benefits of locally producing such
innovative materials in different regions.

Explore integration of smart technologies (IoT) used in mobile units to optimize indoor
environmental quality and comfort in fixed buildings.

Develop and test low-VOC adhesives and bio-based composites inspired by mobile unit
materials to improve indoor air quality.

Conduct lifecycle assessments comparing innovative sustainable materials from mobile
units versus traditional fixed building materials.

Establish clear sustainability assessment criteria and certification frameworks specific to the
interior use of these materials in permanent buildings.

Evaluate occupant health and comfort improvements when applying mobile unit sustainable
materials in fixed interior environments.

Study barriers and drivers for the acceptance of mobile unit-derived sustainable materials
among architects, designers, and occupants of fixed buildings.
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