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ABSTRACT

This article aims to present the contribution of nanotechnology to technological development in the fields of medicine and
health (nanomedicine), electronics, computing and telecommunications, energy and sustainability, the environment and
water purification and agribusiness and food, as well as the future perspectives for nanotechnology.
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Introduction

This article aims to present the contribution of nanotechnology
to technological development in the fields of Medicine
and Health (Nanomedicine), Electronics, Computing and
Telecommunications, Energy and Sustainability, Environment and
Water Purification and Agribusiness and Food, as well as future
perspectives for nanotechnology. The methodology adopted in
preparing this article consisted of analyzing various publications
addressing the contribution of nanotechnology to technological
development in the fields of Medicine and Health, Electronics,
Computing and Telecommunications, Energy and Sustainability,
Environment and Water Purification and Agribusiness and Food,
as well as future perspectives for nanotechnology.

Nanotechnology is one of the most revolutionary scientific and
technological fields of the 21% century [1,2,5,15]. It involves
the manipulation of matter at the nanoscale (between 1 and 100
nanometers), a dimension where materials exhibit physical,
chemical, electrical, optical, and biological properties different
from those observed at larger scales. A nanometer corresponds to
one-billionth of a meter (10 m). At this scale, materials acquire
physical, chemical, and biological properties distinct from their
“macro” counterparts, a fact that has opened new frontiers

across virtually all sectors of human activity. The convergence
of nanotechnology, artificial intelligence, biotechnology,
materials science, quantum computing, and robotics is expected
to profoundly transform the global economy, medicine, industry,
agriculture, energy, the environment, and space exploration in the
coming decades.

Nanotechnology holds strategic importance. It is considered an
“enabling technology” because it serves as a foundation for virtually
all sectors of the economy [8,13,18]. Nanotechnology enables
device miniaturization, increased energy efficiency, reduced raw
material consumption, the development of new materials, improved
mechanical strength, lower industrial costs, increased productivity,
and the creation of smart products [2,19]. According to estimates
by the OECD and the National Nanotechnology Initiative, the
economic impact of nanotechnology will reach several trillion
dollars in the coming decades. Nanotechnology — the science of
manipulating matter at the nanoscale — has established itself as a
cornerstone of the Fourth Industrial Revolution. When operating
at this scale, materials exhibit physical, chemical, and quantum
properties vastly different from those observed at the macroscale,
driving disruptive innovations across multiple sectors.

Nanotechnology’s contribution to technological development
Nanotechnology is making significant contributions to human
technological development in the fields of Medicine and Health
(Nanomedicine), Electronics, Computing and Telecommunications,
Energy and Sustainability, the Environment and Water Purification
and Agribusiness and Food.
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Nanotechnology, Medicine and Health (Nanomedicine)
[4,11,16,19]
In the realm of Medicine and Health (Nanomedicine),

nanotechnology contributes to targeted drug delivery systems, high-
precision diagnostics, and tissue engineering. Nanotechnology
in targeted drug delivery systems involves the use of polymeric
nanoparticles or liposomes to transport medications directly to
diseased cells (such as tumors), thereby reducing side effects and
enhancing treatment efficacy. Nanotechnology in high-precision
diagnostics utilizes nanobiosensors to detect disease biomarkers
(such as those for cancer or viral infections) at extremely early
stages using minute blood samples. Nanotechnology in tissue
engineering employs nanofibers as scaffolds to guide cell growth
and regenerate injured organs or tissues.

Medicine is arguably the sector most revolutionized by
nanotechnology—specifically through nanomedicine—as
it enables the use of smart drugs, controlled drug release,
personalized treatment, cancer therapy, tissue regeneration, and
organ engineering. Examples include lipid nanoparticles used in
messenger RNA vaccines, magnetic nanoparticles for destroying
tumors, and nanocapsules that release drugs only into diseased
cells. Nanomedicine enables extremely rapid testing, the use
of biosensors, early cancer identification, virus detection, and
continuous health monitoring. Nanomedicine allows for more
effective treatments with fewer side effects, early cancer diagnosis,
and the use of smart dressings.

Nanotechnology, Electronics, Computing, and Telecommunications
[6,19]

In the fields of electronics, computing, and telecommunications,
nanotechnology contributes to miniaturization and performance
enhancement, the manufacturing of flexible devices, and increased
data storage capacity. Regarding miniaturization and performance
enhancement, nanotechnology enables the gradual replacement of
traditional silicon with carbon nanotubes and graphene, allowing
for the creation of smaller, faster, and more energy-efficient
microchips. In the manufacturing of flexible devices, the use of
nanomaterials has made it possible to create foldable screens,
transparent circuits, and wearable electronics. Regarding increased
data storage capacity, nanotechnology has driven advancements in
spintronics and nanostructure-based memory, multiplying global
data storage capabilities. Spintronics—or spin-based electronics—
is a technology that manipulates the electron's intrinsic quantum
state, known as spin. Beyond utilizing electric charge, this approach
processes and stores data through the magnetic orientation of
electrons.

The electronics industry has become heavily reliant on
nanotechnology, with applications ranging from ultra-miniaturized
chips, high-capacity memory, and nanometric transistors to
OLED screens, smart sensors, and quantum computing. Modern
processors contain billions of transistors measuring only a few
nanometers. Chips are faster and smaller, screens display purer
colors, and Moore's Law is effectively extended.

Nanotechnology, Energy and Sustainability [6,17,19]

In the fields of energy and sustainability, nanotechnology
contributes through its application in solar energy utilization and
in thermal and chemical storage. Nanotechnology in solar energy
utilization involves quantum dots and nanowires integrated into
next-generation photovoltaic panels, which drastically increase the
efficiency of converting sunlight into electricity. Nanotechnology
in thermal and chemical storage involves the use of nanomaterials
that optimize electrodes for lithium-ion batteries and hydrogen fuel
cells, enabling faster recharging and extended operational range.

Nanotechnology is revolutionizing virtually all forms of energy
generation and storage; in solar panels, nanomaterials enhance
efficiency and durability while reducing costs. When applied to
batteries, nanotechnology enables ultra-fast charging, increased
storage capacity, and longer lifespans. In hydrogen production,
nanotechnology facilitates applications involving catalysts,
storage systems, and fuel cells.

Nanotechnology, Environment and Water Purification [18,19]

In the fields of environment and water purification, nanotechnology
contributes through environmental remediation and water filtration.
Nanotechnology in environmental remediation involves the use of
nanocatalysts that rapidly break down organic pollutants and toxic
atmospheric gases. Nanotechnology in water filtration utilizes
nanofiltration membranes and graphene to precisely remove heavy
metals, microplastics, salt (desalination), and pathogens from water.
Nanotechnology can contribute to water treatment via nanofilters
that eliminate bacteria, viruses, heavy metals, and microplastics; to
pollution cleanup using nanomaterials that remove oil, toxic metals,
and pesticides; and to air pollution control through nanoscale
catalysts that reduce industrial emissions. Nanotechnology can
be applied in the form of nanofilters for desalination, pollutant
sensors, nanocatalysts for waste degradation, and nanofertilizers,
as well as in water purification, pollution control, air filtration,
oil spill cleanup, carbon capture, and environmental sensing.
Nanomaterials significantly improve filtration efficiency.

Nanotechnology, Agribusiness and Food [9,19]

In the fields of agribusiness and food, nanotechnology contributes
through its use in nanofertilizers, nanopesticides, and smart
packaging. When used as nanofertilizers and nanopesticides,
nanotechnology enables the controlled, slow release of nutrients
and agrochemicals, thereby reducing waste and soil contamination
caused by pesticides. As smart packaging, nanotechnology allows
for the incorporation of silver or clay nanoparticles, which extend
food shelf life through their antimicrobial properties and oxygen-
barrier capabilities.

So-called precision agriculture increasingly relies on
nanotechnology through applications such as smart fertilizers,
controlled nutrient release, nutrient nanoencapsulation,
controlled-release pesticides, antimicrobial nanoparticles, plant
disease detection, soil and climate sensors, plant monitoring, and
active packaging. The use of nanotechnology enables precision
agriculture, reduced water consumption, higher productivity,
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and lower use of agrochemicals. Nanotechnology in the food
industry encompasses applications such as smart food packaging,
antimicrobial coatings, enhanced preservation, food quality
sensors, and improved nutritional supplements. Nanotechnology
boosts productivity in agribusiness and the food industry while
reducing environmental impact.

Future perspectives for nanotechnology [3,7,10,12,14,18]

The coming decades are expected to witness significant
advances in medical nanorobots capable of operating directly
within the bloodstream, personalized medicine at the molecular
scale, precision medicine, artificial organs, quantum computing
integrated with nanoelectronics, multifunctional materials,
programmable materials, self-healing materials, brain-computer
interfaces, flexible electronics, high-energy-density solid-state
batteries, next-generation solar cells, smart fabrics, bioprinted
artificial organs, molecular manufacturing, smart cities, and
nanotechnology and autonomous systems for space exploration.
Nanotechnology will serve as a cornerstone of the so-called Fourth
Industrial Revolution and play a decisive role in the transition to
an economy based on knowledge, innovation, and sustainability.
Nanotechnology is likely to become a fundamental technology,
supporting virtually all industrial sectors throughout the 21st
century.

Conclusion

Nanotechnology is transforming society, enabling innovations
that were once considered impossible. Through its wide range of
applications, it will revolutionize healthcare, electronics, artificial
intelligence, energy, agriculture, manufacturing, communications,
transportation, environmental protection, and space exploration.
Nanotechnology represents a transformation comparable to
history's major technological revolutions, such as the steam
engine, electricity, microelectronics, and the internet. Its ability
to manipulate matter at the atomic scale enables the creation of
materials and devices with unprecedented properties, driving
advances across virtually all economic and scientific sectors.
Alongside artificial intelligence, biotechnology, and new energy
sources, nanotechnology will be a key driver of humanity's
technological development in the coming decades. To fully realize
its benefits, it will be essential to increase investment in research,
workforce development, scientific infrastructure, business
innovation, and regulatory frameworks that ensure safety and
responsible use.

As investments in research and development continue to rise
worldwide, nanotechnology is expected to become a major driver
of economic growth, scientific progress, sustainability, and human
well-being. Countries that invest strategically in nanotechnology,
artificial intelligence, education, advanced manufacturing, and
innovation ecosystems will be best positioned to lead the global
knowledge economy.
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