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Buildings contribute to 40% of the world's energy consumption and 30% of
greenhouse gas emissions. Zero-energy buildings are used to reduce energy
consumption, fossil fuel consumption and environmental impacts. In this
analytical study, data was extracted from reliable databases and sources. 28,090
patents were filed between 1995 and 2024 in the field of nanotechnology
applications in zero-energy buildings, with the United States, Europe, China and
India leading the way in this field. The study aims to determine the effectiveness
of nanotechnology in zero-energy buildings and environmental impacts.
Nanomaterials in smart windows are used to regulate light levels, self-cleaning,
hydrophobicity and energy consumption. Smart windows reduce cooling energy
consumption by 36.9% and lighting energy consumption by 54.5%.
Nanomaterials and phase-change materials contribute to thermal comfort by
storing and releasing heat in building components during the day. Nanomaterials
in building materials lead to a 40% increase in strength, a 35% increase in useful
life, and a 20% decrease in energy consumption in the construction process, and
these materials harm human health by entering the food chain and becoming
toxic. Green synthesis, environmentally friendly nanoparticles, and recycling of
nanomaterials play a role in reducing environmental impacts. Green nanoparticle
synthesis effectively reduces energy consumption by 30%, production costs by
40%, and production efficiency by 50%. Municipalities, the government,
industry, and universities contribute to sustainable urban development and
confronting the energy and climate crisis in Iran through financial incentives, the
development of laws and standards, and the establishment of nanotechnology
observatories in construction projects.
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1. Introduction

Buildings account for forty percent of the world's energy consumption. International agreements,
coronavirus, population growth, and increasing urbanization have increased the need for zero-energy
buildings. In Iran, population growth and increasing electricity demand have increased the need for
zero-energy buildings. Nanomaterials have an impact on increasing energy efficiency and reducing
costs. In different decades, many advances have been made in the field of nanoscience in zero-energy
buildings. Environmental challenges of nanomaterials, toxicity, and soil pollution require green
synthesis methods and global monitoring. This article examines the application of nanomaterials in
zero-energy buildings, technology trends, environmental impacts, and the importance of sustainable
development.

2. Methodology

This study has examined the application of nano in zero-energy buildings using an analytical and
review method from scientific databases such as Scopus and Google Scholar. Analysis of the patenting
trends of leading countries in the field of nanomaterials and zero-energy buildings from 1995 to 2024
was reviewed by Lenz. Analysis of the trends of articles and leading countries in the field of
nanomaterials and zero-energy buildings from 2013 to 2024 was reviewed by Scopus. In the study of
nanomaterials in zero-energy buildings, the keywords "role", "nanomaterials", "zero-energy building",
"smart window" and "energy optimization in buildings" were examined in databases such as Google
Scholar and ScienceDirect. Scientific studies and environmental assessment models have been used to
examine the effects of nanomaterials on the environment and human health. In this study, the
environmental impacts of nanomaterials were extracted from the scientific databases Scopus, Google
Scholar, and ScienceDirect using the keywords "nanomaterials”, "nanoparticle toxicity"”, and "green
synthesis".

3. Result and Discussion

Nanotechnology, using smart glass, phase change materials, and nanomaterials, plays a key role in
optimizing the energy consumption of zero-energy buildings. Smart windows based on nanomaterials
lead to improved thermal insulation, reduced energy consumption, and light regulation. Phase change
materials reduce the need for heating and ventilation systems by integrating nanomaterials.
Nanoparticles contribute to the sustainability of buildings with applications such as self-cleaning and
increasing the durability of materials. Nanoparticles are also effective in absorbing CO2. Along with
the benefits, nanomaterials have adverse effects on human health and the environment. Green
synthesis, recycling of nanomaterials, and environmentally friendly nanomaterials are essential to
address the environmental impacts of nanomaterials.

4. Conclusion

Population growth, energy crisis, and climate change have increased the need for zero-energy
buildings. Nanomaterials in smart windows lead to light, heat control, UV protection, and self-
cleaning. Nanomaterials in buildings have an impact on increasing durability, reducing repair and
maintenance costs, and increasing lifespan and strength. Along with the benefits, there are
environmental challenges of nanomaterials such as toxicity, entering the food chain, and negative
effects on human health. Green synthesis, recycling of nanomaterials, and production of biodegradable
nanoparticles are essential in addressing this challenge. Interdisciplinary research, the establishment of
regulatory laws, and public and private investment are the keys to success in this field. The use of
nanomaterials with a sustainable approach makes it possible to build low-energy buildings, maintain
the health of society, and protect the environment at the same time.
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. Silica

. Iron oxide

. Copper

. Iron oxide

. Clay nanoparticles

. Zycosil

. Smart window

. Nano coatings

10. Phase change materials
11. Energy optimization

12. Photochromic window
13. Thermochromic window
14. Electrochromic window
15. Gasochromic window
16. Low-Emissivity Window
17. Liquid Crystal window
18. Suspended Particles window
19. Monoclinic phase

20. Rutile phase

21. Toxicity of nanoparticles
22. Green synthesis

23. Nanoparticle recycling
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