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Abstract
There is no substitute for climate change, a worldwide issue primarily caused by greenhouse gas 
emissions and global warming that calls for creative and sustainable solutions. The manipulation 
of materials at nano levels is known as nanotechnology, and it has promising future prospects as 
a field with a wide range of applications, including food, energy, agriculture, and environmental 
issues. Thus, this gives us hope that nanotechnology is finally well-suited to play a key role in many 
fronts addressing global challenges and significantly contributing to the achievement of the UN 
Sustainable Development Goals. Numerous nanostructured materials, including nanocomposites, 
functionalized nanomaterials, MOFs, carbonaceous materials, nanozeolites, and nano-silica, show 
promise as environmental protection agents. These agents are used in wastewater treatment, 
greenhouse gas sequestration, bioenergy, remediation, catalysis, and sustainable materials.
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Introduction
Because of their altered size, nanomaterials have special characteristics. Their qualities are far better 

than those of their bulk counterparts, making them useful for improving energy efficiency, cleaning 
up the environment, and promoting sustainable agriculture to lessen the negative consequences 
of climate change [1]. Anthropogenic activities, particularly the combustion of fossil fuels, are the 
main driver of global warming, which boosts global temperatures and modifies weather patterns [2]. 
Rising sea levels, greater hazards to human health and biodiversity, disruption of agriculture and 
food security, and increasingly severe, intense extreme weather events globally are all consequences 
of climate change [3]. Nanotechnology can be used in a number of ways. In terms of energy, they may 
use cutting-edge solar cells and energy storage technology to increase the efficiency of converting 
sunlight into electricity [4]. Additionally, nano-enhanced thermoelectric materials may be able to 
avoid energy loss while increasing the efficiency of turning waste heat into electrical energy [5]. 
A sustainable future is built on nanotechnology, sustainable materials, and sustainable processes. 
High strength and lightweight nanoparticles reduce energy consumption in industries and increase 
fuel economy in transportation [6]. Buildings' durability and insulating qualities, and consequently 
their energy footprints, can be further enhanced by nanotechnology-modified infrastructure 
assets [7]. Additionally, by lowering waste and pollution, nanocatalysts would make a number of 
industrial processes more environmentally friendly. It is well recognized that nanotechnology can 
help with environmental remediation, including soil contamination, air pollution management, 
and water purification [8]. Advanced filtering techniques for the identification and elimination of 
contaminants in water and air, as well as for further cleaning up contaminated soils, will depend 
heavily on nanotechnology [9]. Precision farming, irrigated cropping, and sustainable food 
packaging are all made possible by nanotechnology in the context of sustainable agriculture and 
food security [10]. Fighting climate change requires a multifaceted approach. The development of 
sophisticated materials for carbon capture and sequestration systems, the creation of more effective 
catalytic materials that would also lower greenhouse gas emissions, and intelligent sensors for 
environmental condition modification are just a few of the many tools available to nanotechnology 
[11]. However, concerns about the possible hazards that nanotechnology poses to the environment 
and human health should be at the top of the list, along with steps to create and execute suitable 
regulatory frameworks. Social ramifications, like moral dilemmas and equality concerns, require just 
as thorough assessment [12]. Nanotechnology may be mobilized to combat climate change and build 
a more sustainable future through a multimodal approach that encourages research, international 
cooperation, and responsible policy implementation. None can match climate change, a worldwide 
issue mostly caused by greenhouse gas emissions and global warming that desperately needs 
creative, long-term remedies [13]. As a vast science with a wide range of applications, including the 

Nida Tabassum Khan* and Aemad Tabasum

Department of Biotechnology, Faculty of Life Sciences & Informatics, Balochistan University of Information 
Technology, Engineering and Management Sciences, Takatu Campus, Airport Road, Quetta, Balochistan

https://doi.org/10.5281/zenodo.23613501
https://doi.org/10.5281/zenodo.23613501


Nida Tabassum Khan, et al., WebLog Journal of Environmental Sciences

WebLog Open Access Publications wjets.2026.j22052

environment, agriculture, food, and energy, nanotechnology - which 
manipulates materials at the atomic and molecular levels - holds great 
promise. These materials are unique in that their size has changed, 
giving them better qualities than their counterparts in bulk forms 
[14]. Therefore, they can be applied to increase energy efficiency, 
environmental cleanup, and sustainable agriculture in order to 
mitigate and provide solutions against the negative effects of climate 
change [15]. The main driver of climate change is global warming, 
which is brought on by human activity like burning fossil fuels. It 
raises global temperatures and alters the weather [16]. Rising sea 
levels, an increase in the frequency and severity of extreme weather 
events worldwide, disruptions to agriculture and food security, and 
an increase in dangers to human health and biodiversity are just a few 
of the consequences of climate change [17]. Using nanotechnology 
is one technique to lessen these impacts. Solar energy conversion, 
improved solar cells, and cutting-edge energy storage technologies 
could all contribute to energy improvement [18]. Additionally, by 
converting waste heat into electricity and reducing energy loss, 
nanoparticles could improve the performance of thermoelectric 
materials [19]. The creation of sustainable materials and production 
methods is the main goal of nanotechnology. Lightweight nanoscale 
materials will improve the development of contemporary fuel-
efficient machinery and automobiles while lowering industrial energy 
needs [20]. Nanotechnology-based construction asset modification 
could improve a building's performance profile in terms of insulation 
and durability while ultimately reducing its energy footprint [21]. 
Nanocatalysts can make similar businesses more environmentally 
friendly. Well-known environmental remediation applications of 
nanotechnology include soil remediation, air pollution control, 
and water purification [22]. Nanotransportation will be used in 
sophisticated filtration techniques to identify and eliminate air 
and water pollutants as well as to further purify contaminated soils 
[23]. Through improved crop productivity, precision farming, and 
environmentally friendly food packaging, nanotechnology will also 
support sustainable agriculture and food security [24]. A diversified 
approach is necessary to combat climate change. The development 
of sophisticated materials for carbon capture and sequestration 
systems, the creation of more effective catalytic materials that would 
also lower greenhouse gas emissions, and intelligent sensors to 
change environmental conditions are just a few of the many tools 
that nanotechnology offers [25]. However, worries about the risks 
associated with nanotechnology's possible effects on the environment 
and human health should be at the top of the list, along with actions 
to create and put into place suitable regulatory frameworks [26]. 
The societal ramifications, such as ethical and fairness concerns, 

also need to be evaluated with similar seriousness [27]. The 
mobilization of nanotechnology to combat climate change and build 
a more sustainable future should go hand in hand with research into 
international cooperation and the implementation of appropriate 
legislation [28].

Nanotechnology for Sustainable Energy
Nanotechnology appears to have a significant impact on the 

transformation of energy conversion, storage, and efficiency in the 
field of sustainable energy.

• Enhanced Solar Energy Conversion: The utilization of solar 
energy is made possible by contemporary nanotechnologies. More 
sunlight can be absorbed by quantum dots and other semiconductor 
nanoparticles than by traditional solar cells (Figure 1) [29]. They are 
more effective at capturing sunlight and can be particularly made to be 
quantum-dot sized to capture particular light wavelengths. Although 
they can improve light absorption, nanowires and nanotubes do 
more than that [30]. They can help the electrons move through the 
solar cell with the least amount of energy loss, which could lead to 
higher efficiencies and possibly reduced costs [31]. Nanomaterials 
play a crucial role in the development of perovskite materials, which 
are the solar energy technology of the future [32]. Despite the present 
instability problems, nanomaterials assist maintain the perovskite 
structure, which has numerous stability problems, and increase 
efficiency to convert solar energy into electricity [33].

• Advanced Energy Storage: Utilize nanotechnology to store 
and deliver energy, taking modern energy storage to new heights. 
Nanoparticles, nanotubes, and graphene are a few examples of 
nanomaterials used in batteries [34]. These materials improve the 
energy density of lithium-ion and other batteries, allowing them to 
store more energy in a much smaller space. Additionally, they would 
assist extend the battery's longevity and speed up charging [35]. Super 
capacitors can store and deliver energy more quickly than regular 
capacitors because of the increased surface area and conductivity 
of the nanomaterial, which allows for considerably faster charging 
and discharging [36]. This nanotechnology creates new avenues for 
hydrogen storage, offering safer and better ways to store hydrogen 
using a nanomaterial approach—another viable source of renewable 
energy [37].

• Thermoelectric Materials: Thermoelectric materials, which 
transform heat into electricity, benefit from nanotechnology 
as well. Because of the increased efficiencies obtained through 
nanostructuring, waste heat may be recovered more effectively and 

Figure 1: Comparison between conventional versus nanostructured solar cells.
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transformed into useful energy (Figure 2) [38].

Nanotechnology for Sustainable Materials 
and Manufacturing

Nanotechnology is providing outstanding ways to create materials 
and make them in a sustainable way such as:

• Lightweight and High-Strength Materials: Nanoparticles 
are incorporated with traditional materials like polymers, metals, 
and even ceramics to create nanocomposites [39]. In addition to 
proposing improved integrity and longevity in buildings, these 
cutting-edge nanocomposites lower vehicle weight, which lowers 
amperes for energy use in freight and transportation [40]. Graphene 
and nanotubes, which have peculiar characteristics of their own, 
combine to build lightweight, high-performing structures that have 
potential applications across a range of industries [41].

• Sustainable Construction Materials: The term "nano-modified 
concrete" refers to concrete that has had its mechanical properties 
altered by nanomaterials, resulting in increased strength, durability, 
and insulation potential [42]. This allows for production units to 
use significantly less energy during manufacturing and improves 
building efficiency [43]. Self-healing materials, such as coatings or 
building materials based on Nano methods, are being developed to 
help prolong the life of structures and save waste by repairing damage 
on their own [44].

• Green Manufacturing Processes: By improving chemical 

processes and lowering their environmental impact, nanocatalysis is 
helping companies move toward more sustainable production [45]. 
Furthermore, nanotechnology is making it possible to use less raw 
materials, which has an impact on the much-needed reconsideration 
of more environmentally friendly production methods [46].

Nanotechnology for Environmental 
Remediation

In fact, nanotechnology brings novel solutions in environmental 
cleaning-an answer to some of the major challenges posed by 
pollution in water, air, and soil (Figure 3).

• Water Purification: Nanofiltration membranes made of 
nanoparticles have shown great efficacy in desalination and the 
elimination of various contaminants from water, such as salts, heavy 
metals, and organic molecules [47]. In actuality, nanoadsorbents are 
highly promising for use in future water purification systems because 
they include nanoparticles with extremely large surface areas and 
carefully crafted functions that may absorb heavy metals, organic 
pollutants, and other contaminants from target waters [48]. By using 
improvements in chemical processes, nanocatalysts are crucial in 
the degradation of contaminants from soil or water, converting 
hazardous substances into less toxic or innocuous derivatives [49].

• Air Pollution Control: Nanomaterial-based filters consist of 
nanofibers and other nanostructures, and they show an extremely 
high effectiveness for the removal of particulate matter and gaseous 

Figure 2: Nano thermoelectric materials.
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pollutants from the atmosphere, thus improving its quality [50]. 
Nanocatalysts are also very much within the reducing polluting 
emissions by catalytic converters of vehicles and industrial equipment; 
thus, they are effective in reducing pollution in the air considerably 
(Figure 4) [51].

• Soil Remediation:  In fact, in-situ remediation approaches for 
"contaminated" soils can easily benefit from the use of nanoparticles. 
They can "attack" the contaminants to eliminate them or change them 

into less dangerous forms because of their size and reactivity, which 
allow them to pass through the majority of soil matrices (Figure 4) 
[52].

Nanotechnology for Sustainable Agriculture 
and Food Security

Novel approaches for making agriculture sustainable and for 
assuring food security will become available through nanotechnology

• Precision Agriculture: Precision agriculture has greatly benefited 

Figure 3: Nanotechnology for environmental remediation.

Figure 4: Air and soil nanoremediation.
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from nanosensors, which track and report on trends in real time (e.g., 
soil conditions, nutrient levels, plant health, etc.) [53]. this increases 
the farmers' capacity to manage resources (water, fertilizer, etc.) while 
improving agricultural productivity and reducing its negative effects 
on the environment. Fertilizers, insecticides, and herbicides should 
be able to be applied more precisely to areas where they are needed 
thanks to nano-enabled delivery systems [54]. A farmer would be able 
to administer the chemical at a certain time, at a specific location, 
and with the least number of off-target effects thanks to any method 
that enables the regulation of the release timing of target compounds 
via nanoparticulate systems [55]. In theory, this would also make 
the material's usage in agriculture environmentally sustainable by 
reducing its negative effects on the environment (Figure 5) [55].

• Enhanced Crop Production: Explaining the utilization of 
nanomaterials to improve photosynthesis in plant crops by enhancing 
nutrient uptake. For instance, nanoparticles may function as catalysts 
to increase chloroplast efficiency [56]. This increases the plant's 
energy and photosynthesis. Additionally, nanoparticles facilitate 
better nutrient uptake and transport, improving crop health and 
productivity (Figure 6) [57].

• Environmentally Friendly Food Packaging: These 
nanocomposites increase barrier properties for the product being 
kept fresh and having a shelf life and thereby reduce food wastage. 
This property also helps in keeping excess moisture, oxygen, or other 
gases away that can spoil freshness [58].

Challenges and Ethical Considerations
Nanotechnology offers very exciting promise for addressing 

climate change, but it also presents a variety of difficulties and ethical 
issues that should be carefully considered which are as follows:

• Environmental and Health Risks: The possible risks associated 
with the creation, usage, and disposal of nanomaterials may be 
concerning for both human health and the environment [59]. 
Certain nanoparticles may have toxicological characteristics that, 
when released into the environment, could contaminate water, soil, 
and air. It is unknown what these long-term consequences would be 
[60].  The fact that nanoparticles can build up in living things and 
disrupt biological processes is another worry brought on by their tiny 
size (Figure 7) [61]. To fully comprehend and eradicate such possible 
concerns, more research can be started.

Figure 5: Nanotechnology for sustainable agriculture.

Figure 6: Nanotechnology for enhanced crop production.

http://www.weblogoa.com


Nida Tabassum Khan, et al., WebLog Journal of Environmental Sciences

WebLog Open Access Publications wjets.2026.j22056

Figure 7: Environmental and health risks associated with nanotechnology.

• Regulatory Frameworks: Enforcing the instrumental and 
growing safe usage of nanotechnology will require the creation of 
suitable rules.  There may be gaps in the current regulatory frameworks 
that need to be filled through the creation of new standards and 
recommendations because they may not be able to meet all of the 
unique approaches presented by nanomaterials [62]. Establishing 
uniform laws that control the creation, application, and disposal of 
nanomaterials while simultaneously fostering innovation and safety 
requires international cooperation [63].

• Societal Implications: Beyond social justice and the economy, 
nanotechnology has broader ramifications for society, including 
climate change [64].  Nanotechnology development and application 
would have an impact on the economy, benefiting certain groups 
while harming others.  It is important to guaranty that everyone has 
equal access to the advantages of nanotechnology and to handle any 
potential diversity concerns.  The development and application of 
nanotechnology-based climate solutions must incorporate ethical 
considerations including justice and fairness as well as public 
participation [65].

Conclusion
Thus, nanotechnology-based applications support 

environmentally friendly products, techniques, and applications 
that mitigate climate change. With ongoing research to develop 
nanomaterials that have low environmental consequences and 
encourage sustainability in the production process, the rapidly 
expanding market is entering a dynamic phase that will increase the 
eco-efficiency of nanotechnology applications. This promising future 
will offer several opportunities to address real-world issues at different 
societal levels, making it a crucial instrument for creating a more 
equitable and sustainable world. Seldom will someone discuss climate 
change and sustainable development solutions without including 
nanotechnology as an instant game-changer. Nanoscale engineering 
offers previously unheard-of possibilities for changing industries and 
addressing contemporary global issues. Increasing energy efficiency, 
advancing renewable resources, and transforming agriculture and 
medicine—problems that have the potential to completely change 
our world—can all be solved using nanotechnology.
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