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Impact of Electronics on Climate Change Reduction

V. Basil Hans*

Abstract

Climate change results from highly complex interactions between systems for producing and using

energy and the environment. Therefore, advanced technologies represent a vital component of current
efforts to slow it down. Electronics, including power semiconductors, sensors, communication
networks, and embedded intelligence, are increasingly significant for effectively addressing and
solving these complex problems. This article examines whether electronics can resolve climate change
independently. Due to this intricacy, technical innovation, especially in electronics, has emerged as a
key element of international efforts to both mitigate and adapt to climate change. To maximize overall
system efficiency, enable system-level optimization, and support new low-carbon infrastructures,
modern electronics, such as power semiconductors, sophisticated sensors, communication networks,
and embedded intelligence, are becoming more and more important. This essay investigates the extent
to which electronics can contribute to tackling climate change and evaluates the claim that
technological developments alone might be sufficient to “fix” the problem. It posits that they cannot
do so in isolation, but they are necessary for making big changes in the system. We examine how new
technologies in electronics make energy use more efficient, allow for the use of more renewable
energy sources on a broad scale, help with the electrification of transportation and industry, and
provide us with the sensing and data infrastructure we need to keep an eye on and improve the
environment. We also look at the environmental costs of making electronics, using energy, and getting
rid of electronic trash. We point out possible rebound effects and resource limits. The essay finds that
electronics can considerably expedite climate mitigation and adaptation when integrated with
supportive policies, sustainable materials, and behavioral modifications; nonetheless, they cannot
supplant the necessity for comprehensive economic and societal transformation.

Keywords: Climate change mitigation, electronics, energy efficiency, renewable energy integration,
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INTRODUCTION
Climate change and energy issues are intensifying all across the world. They must be addressed
immediately. Electronics can help, yet they are not a panacea. Wealthy countries need to cut down on
their emissions and consumption of resources. Electronics can help you save money, change the way
energy systems work, and give you important
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reduced [2]. Some systems and technologies monitor energy use, pollution, or resource depletion. The
load is affected by how electronics are designed, manufactured, used, maintained, and discarded. The
conversation is mostly about efficiency, renewable energy, storage, materials, and policy.
What Electronics Can Do

Electronics may help to combat climate change in several key ways. First, they can help to improve
the efficiency of buildings, industries, and transportation. Electronics can assess factors such as
energy use, pollutants, and materials. This is the first step towards realizing an efficiency potential of
approximately 25% across the economy [1]. If efficiency measures are implemented, electronics can
help protect remaining resources by reusing them smartly, sending real-time monitoring reports, and
using waste-valuation systems.

Second, electronics can create decarbonized energy systems and make them work on a large scale.
Demand management can help ensure that solar and wind power are used in the appropriate amounts.
Inverters use power electronics to manage the complex and changing relationship between these
technologies and the grid. Flow batteries and lithium-ion packs are examples of storage options that
require electronics to control the flow of energy, ensure safety, and extend battery life.

Third, electronics can help ensure that renewable energy equipment is made to work and that their
own manufacture is free of carbon. To reduce flaws, electronics for quality control monitor every step
of PV manufacturing. Electronics should be made in a way that does not harm the environment: they
should be made using less electricity, water, and solvents that do not cause global warming.

Saving and Using Less Energy

Using less energy can lower the amount of electricity that needs to be generated and used. These
savings enable power generation systems to operate closer to their full capacity, which makes it
possible to use reliable renewable energy sources, such as wind and solar. Communication-based
controls also help save energy by, for example, keeping devices in sleep mode and preventing them
from waking up at the same time [3]. Consequently, the utilization of resources and the release of
greenhouse gases are reduced.

Improving energy efficiency (which includes both energy conservation and efficiency) is important
to combat climate change at home. In addition, making items that last a long time, can be fixed, and
can be recycled, helps save resources and prevent emissions during production [4].

Lowering energy consumption can be achieved using low-power electrical processors, more
efficient displays, and reduced power when the device is in standby mode. Electronic chips that use
less energy generate less waste heat, facilitating heat management and further lowering energy
consumption in refrigeration.

Designing for the circular economy makes products last longer, which means they may be used for
longer. It is cheaper to keep older systems in good shape with retrofits and regular maintenance than
to develop new ones. Suppliers can fix, clean, and change the way items work so they can be used
again.

Data centers have a significant impact on power systems and pollution. Energy-efficient solutions
include the use of numerous variable-speed fans, heat-exchange systems, and thermal storage. The
temperature- and humidity-set points depend on the sensitivity of the data and the performance of the
cooling system. Under certain circumstances, this can save up to 40% more energy. Communication,
control, and optimization networks help businesses operate in an environmentally friendly manner.

Energy That Can Be Used Again and Again
Transitioning from fossil fuels to renewable energy is important to combat climate change. Wind

© STM Journals 2026. All Rights Reserved 2



Journal of Power Electronics & Power Systems
Volume 16, Issue 1
ISSN: 2249-863X (Online), ISSN: 2321-4244 (Print)

and solar systems are important because they provide safe electricity and have low emissions
throughout their life cycle. Electronics are required to use these resources. Renewable energy sources
generate power that changes, and society needs flexible outlets to manage these changes. Batteries and
other storage methods are also important.

Electronics help solar and wind power work by changing direct current into alternating current,
allowing power to flow both to and from cars, connecting storage systems, and ensuring safety. Power
converters, such as inverters and battery chargers, are important components. Power electronics also
make batteries last longer and keep track of their level of charge and state of health. Smart grid
technology controls generation, demand, and storage. It also manages the complicated
interconnections that occur across the power network and makes the best use of energy while
providing the right mix of renewables [5]. Electric vehicles store energy, power homes, and help
manage demand during peak hours.

Electronics technology for storing energy plays a role at several stages. Battery systems and their
chargers monitor the charging rates, connection states, and electrical characteristics, such as current,
voltage, and temperature, to ensure that the charge cycle is safe and balanced. Smart battery
management systems monitor and control the health and charging conditions of batteries, whether
they are for large grid-scale systems or small units in electric vehicles, to realize the best performance
and longest life.

Making Things in a Green Way

Electronics can help to mitigate climate change by reducing greenhouse gas (GHG) emissions
resulting from the production of electronic devices [6]. There are a few ways to achieve this goal.
First, selecting materials that are free of harmful chemicals, can be recycled, or have low embodied
energy will help to reduce GHG emissions [7]. Second, designing items that are modular and can be
repaired, upgraded, refurbished, and recycled at the end of their lives can extend their lifespan. This
helps keep the need for more manufacturing to a minimum, which uses a lot of energy [8].

New Ideas in Design and Materials

Electronics could make things work better and make clean technologies possible. Further research
into novel materials, structures, and designs can improve electronics and energy solutions. Some ideas
include wide-bandgap semiconductors that can handle more power and heat, flexible circuits that are
lighter and can be used in new ways, and bioinspired sensors that use less energy and cost less. Chips,
screens, and solar modules are already becoming better, lighter, and cheaper [9].

Rules and Actions

The environmental impact of the electronics industry is greatly affected by rules, legislation, and
government standards. Certain regulations, rules, and labeling help people save energy or reach other
climate-related goals. In addition, when governments require public-sector groups to report on their
energy use, emissions, or climate effects, they pressure businesses in the same manner [4, 10].

Problems and Limits

People usually think that electronics make climate change worse. They use energy, make pollution,
and need resources. However, gadgets assist the environment in several important ways. They help
save energy and make it more efficient. They also help with renewable and stored energy. In addition,
they can help make production more environmentally friendly and foster new prospects in materials
and design.

The design and use of devices, systems, processes, and products are the main ways in which
electronics worsen climate change. Computers, communication networks, controllers, sensors, and
metering devices are all examples of electronics that are used to supply, generate, manage, and use
energy in buildings (such as offices and factories) and transportation systems (such as cars and
planes). Electronics also affect the minerals, chemicals, and other resources linked to greenhouse gas
emissions. Finally, policies and how institutions are set up affect how people use energy and
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materials.

To reach the goals of the 2030 Agenda for Sustainable Development, especially those related to
clean and affordable energy, sustainable cities and communities, and climate action, it is necessary to
take action on energy efficiency [11].

Examples From the Real World

The energy production system is analyzed from the perspective of an electrical system. To
demonstrate the difficulty of integrating intermittent supplies at the system level, three real-world
examples are used: a Caribbean island, a large city, and a large province of a country. These examples
show that taking action throughout the entire system can have significant benefits. Yet, across climatic
domains, it has been shown that system-wide policies have had relatively little influence when
compared to technology roles. The case examples are drawn from three areas: data centers, smart
buildings, and transportation on the road. There is a focus on "big wins" rather than small changes
because no country is on track to reach climate objectives, and time is running out [12, 13].

CONCLUSION

Electronics can help mitigate climate change significantly, especially through new technologies and
policies that affect the design and use of electronic devices and systems. Electronics can help save
energy, speed up the transition to renewable energy, reduce greenhouse gas (GHG) emissions, reduce
the use of dangerous materials, and promote circular economy tactics, such as repair and recycling, to
extend product lifespans. However, designers, manufacturers, regulators, and users must make the
right choices throughout a product's life cycle to realize these benefits.

The conversation is about things such as gadgets, systems, and processes that affect the amount of
energy consumed, greenhouse gas emissions, and the use of resources. Electronics include circuits,
systems, and processes that affect signals, data, or power. Electronic technologies can be made up of
both hardware and software. Energy efficiency refers to using less energy in certain situations,
whereas conservation refers to changing behavior or actions to reduce energy consumption. Solar and
wind energy are two examples of renewable energy sources. These are systems that naturally
regenerate over a human time frame. Storage refers to devices that allow energy to be stored for later
use. Batteries, flywheels, compressed air, pumped hydro, and other technologies can be used for this
purpose. Materials are things that are utilized to make items, packages, or support infrastructure.
Lastly, policy means rules, norms, and rewards that affect how people act and do things.
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