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Abstract

Continuous increase in energy consumption and environmental pollution is one of the main challenges of the 21st
century. One of the approaches to overcome these challenges is to emphasize on the use of recycled materials and
environmental-friendly methods in production. Use of new recycled materials as thermal insulation in buildings
would play a vital role in reducing environmental pollution and is also effective in saving energy consumption by
minimizing heat loss during heating and cooling period of the building. For this purpose, this study evaluates
performance of new recycled materials in building envelopes with the use of thermal insulation and examines the
effect of the physical and thermal characteristics of these insulating materials on the thermal performance of the
exterior walls. In this regard, recycled materials usable in various parts of a building as well as the properties of
recycled materials used as thermal insulation in the building wall were investigated in this research. The results
show that although the current market is completely dominated by common synthetic insulation materials, it is
possible to replace these common materials with recycled materials and achieve the desired thermal performance.
In some cases, thermal insulation materials produced from recycled materials with a thickness equal to the raw
materials provide the heat transfer coefficient allowed according to the national building regulations and show
better results than the existing and predominant products in the market. In addition, the life cycle assessment report
indicates that environmental impacts are minimized by replacing common thermal insulation with these recycled
materials.
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Extended Abstract

Introduction

Increasing energy  consumption and
environmental pollution are among the main
challenges of the 21st century. One of the
solutions to deal with these challenges is the use
of recycled materials and environmentally
friendly methods in the production of building
materials. This research examines the
performance of recycled materials as thermal
insulation in building walls and evaluates the
effect of physical and thermal characteristics of
these materials on the thermal performance of
buildings. The results show that recycled
materials can effectively replace synthetic
insulations and provide better performance in
some cases. Also, the use of these materials can
reduce the environmental impact. Considering
the energy crisis and pollution caused by fossil
fuels, it is necessary to optimize energy
consumption in buildings. The use of efficient
thermal insulation can reduce up to 65% of
energy consumption. In recent years, attention
has been paid to the use of environmentally
friendly and recycled materials, and researchers
are looking for solutions to optimize energy
consumption and preserve natural
resources.Previous researches show that the use
of recycled materials in the construction
industry can contribute to sustainable
development and environmental protection.
This article examines and evaluates thermal
insulation materials made from different wastes
and their effect on optimizing energy
consumption.

Methodology

The purpose of this research is to investigate
recycled materials for insulating building walls.
The main research questions include identifying
types of recycled materials with thermal
insulation performance and the characteristics
of these materials. The research methodology is
descriptive-analytical and based on library
studies.Recycling means reprocessing materials
at the end of their life and returning them to the
life cycle. In the past, recycling was more of a
waste management issue, but nowadays
resource efficiency is being considered as a
drive for recycling. The goals of recycling
include reducing waste, preserving natural
resources, preventing pollution, saving energy,

and reducing greenhouse gas emissions.The
benefits of using recycled materials include not
using agricultural land, considering the
economy, eliminating water  pollution,
preventing greenhouse gas emissions, reducing
transportation, and creating employment.

Results and discussion

The paper examines new recycled materials in
the construction industry that are produced with
new compounds in different countries. These
materials are mainly based on minerals and are
used to make coatings, structures and
connections. Considering the challenges of
energy consumption in developed countries,
and the use of these recycled materials in the
production of building materials is increasing.
Some of these materials include recycled
concrete aggregate, silica fume, cement kiln
dust, glass, plastic, and carpet waste. Also, a
summary of recycled materials and their
applications in construction projects is
presented in Table 1.Thermal insulation refers
to materials that have the ability to reduce heat
transfer. Thermal insulation property is usually
measured by thermal conductivity (A) and
thermal transmittance (U-value). Thermal
conductivity refers to the heat transfer rate per
unit length and temperature difference and is
measured in W/mK units. Also, thermal
resistance (Rth) is the ratio of material thickness
to its thermal conductivity. Materials with
thermal conductivity less than 0.07 W/mK are
known as thermal insulation, and materials with
conductivity below 0.05 W/mK perform
better.The study examines building insulation
materials and their environmental -effects.
Currently, most insulating materials are
produced from synthetic and mineral fibers
such as glass fibers and mineral wool, which
have negative effects on the environment. Using
recycled, natural or synthetic fibers as
alternatives can help improve energy
performance, reduce the consumption of non-
renewable resources and reduce pollution.In
this regard, textile waste and natural fibers such
as cotton, hemp and wool have been
investigated as thermal insulation materials.
These materials can be used as sustainable
options in the construction industry due to their
proper thermal insulation properties and
reduced heat conduction. Also, recycled
polyester and nylon fibers have also been
introduced as thermal insulation materials with
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acceptable properties.Finally, the use of these
materials not only helps to reduce textile waste,
but can also improve the quality of the
environment and human health.Life cycle
assessment (LCA) is a systematic method to
examine the environmental impact of a product
from production to its disposal. This method
includes the evaluation of the emission of
pollutants in the air, water and soil and
environmental effects such as resource
depletion and global warming. LCA is usually
performed by consulting firms and research
institutes and can be done following
international standards such as 1SO14040 and
1ISO14044.Research has shown that cotton
cultivation and different dyeing processes have
different impacts on the environment. In
particular, the use of recycled fibers can help
reduce carbon  footprints and  water
consumption. For example, the use of recycled
cotton fibers in a Swedish factory has resulted
in a reduction of 2.4 million tons of CO2
equivalent and more than 900 billion liters of
water per year. Also, the production of recycled
clothes requires much less energy than the
production of raw materials.Finally, the results
show that acrylic and polyester fibers have the
least impact on the environment, while cotton
has the most impact. These findings emphasize
the importance of using recycled fibers and
reducing the consumption of primary
resources.In this study, the performance of
recycled materials as an alternative to common
thermal insulation in residential constructions in
Tehran has been investigated. The aim was to
evaluate the potential of these materials to
compete with  conventional commercial
insulations. The most frequent wall type of
residential buildings in Tehran was selected as
samples and the minimum thermal resistance of
the walls was determined based on national
building regulations. Five samples of recycled
materials were compared with polystyrene and
the results showed that these materials with
similar thicknesses (57 to 76 mm) can act as
substitutes for commercial insulation and
provide similar thermal performance.

Conclusion

This article examines the use of recycled
materials in the construction industry and their
replacement as thermal insulation in building
walls. Researches show that some of these
materials can effectively replace polystyrene in

the walls and provide optimal thermal
performance by complying with the national
building standards. Also, the use of these
materials helps reduce the carbon footprint and
save energy. In the future, more research will be
done to simulate the thermal and moisture
performance of different types of recycled
materials to introduce their advantages as an
alternative to commercial synthetic materials to
building professionals and users.
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