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Abstract

Nature operates on a delicate balance of give and take. However, in the name of development,
human activities have disrupted this balance by polluting ecosystems and releasing excessive
greenhouse gases into the atmosphere. As a result, global temperatures are reaching
unprecedented levels, leading to abrupt climatic changes that pose a significant threat to
humanity. Immediate and collective action is essential to ensure the survival of future generations.
The adoption of Decarbonization goals offers a promising pathway to mitigate greenhouse gas
emissions and reduce the pollution burden on Earth, aiming for substantial progress by 2030.
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1. Climatic Change

In this 21 century, we relish the benefits of science and technology and the outputs of
innovations for a happy and comfortable life. Industry 4.0 and Society 5.0 have changed and given
challenges to life exponentially with limitless potential [1], [2]. Moreover, the average life
expectancy of humanity in different continents like Europe, Northern America, and Asia has
significantly improved compared to the past two centuries due to the innovations from various
fields of medicine, engineering, industry, and artificial intelligence [3]. These technologies help us
fight deadly diseases and extend our inventions beyond the earth's orbit. Even though we relish
these benefits of comfort in life, somewhere in our minds, two major questions carry the day. How
far are we able to adore these benefits? Are we going to share these benefits with the next
generations? There is no clear-cut answer or assurance to these questions due to the
environmental changes that are happening around us and the drastic climatic changes witnessed
in this 21 century.

2. Current Context and Challenges

Climatic change is the popular chanting keyword, and it became so famous due to its
consequences, which we all are witnessing currently. Several factors influence climatic change; the
utilization of fossil fuels like coal, oil, and gas is the largest contributor to global climatic change,
which is accounting for over 75% of global greenhouse gas (GHG) emissions and nearly 90% of all
carbon dioxide (CO2) emissions [4]. Apart from CO;, methane (CHs) is also an important
contributing factor that warms the atmosphere, which is 28-36 times as warm as CO2 when it is in
the upper atmosphere. In recent times, black carbon (BC) has also gained popularity because it is
extremely small and harmful. The major sources of BC are due to incomplete combustion of
different fossil fuels, and they are infinitesimal, ranging from 10um to 2.5 um. Due to its small size,
BC can be suspended in the air and is capable of passing through the walls of the human lung and
into the bloodstream. It also absorbs the sun's heat millions of times more effectively than CO; [5].
Likewise, the commonly underscored GHGs are CO2, Methane (CHas), Nitrous oxide (N20),
fluorinated gases, and sulphur hexafluoride (SFe) with their global warming potential (GWP) are
highlighted in Table 1. The emitted greenhouse gases from different sources form as a blanket and
trap the sun's heat. As a result, Mother Earth is warming faster than before, recording warmer
temperatures and creating vicissitudes in weather patterns, disrupting nature's usual balance and
changing ecosystems. Countries like China, the USA, India, the European Union, the Russian
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Table 1.
Common GHGs and GWP
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Federation, and Brazil were recorded for the largest greenhouse gas emissions, accounting for 63%
of global emissions in 2023.

S.No Common GHGs Sources and GWP

1 Carbon dioxide Formed when something is burned, and GWP is 1.

2 Methane Formed in anaerobic decomposition and produced in many
combustions. The GWP range is 28-36.

3 Nitrous oxide Formed as a byproduct of fertilizer production and combustion of
certain materials. The GWP range is 265-298.

Fluorinated gases Manmade refrigerants. The GWP range is 1800 to 8000
5 Sulphur hexafluoride Used as insulators in high voltage applications. The GWP is of 22800.

3.Decarbonization Goals Formulation

Decarbonization goals have emerged to regulate these global climatic changes and to restrict
carbon dioxide and greenhouse gas emissions. In 1992, the United Nations Framework Convention
on Climate Change (UNFCCC) marked the first global agreement to combat climate change, and
nations agreed to stabilize GHG concentrations. The first legally binding international treaty (Kyoto
Protocol 1997) required developed nations to reduce emissions by an average of 5% below 1990
levels by 2012. At the Conference of Parties-COP21 (The Paris Agreement 2015), 196 countries
pledged to regulate global warming and emphasized Net Zero emissions by the mid-21st century.
At COP26 (Glasgow Climate Pact 2021), pledged to achieve Net Zero by 2050, phase down fossil
fuel use, and promote renewable energy and green technology. In recent times (Nov 13, 2024) at
Baku, Azerbaijan, a COP29 event titled “Innovation Ecosystems for Climate Action: Digital
Technologies, Industrial Solutions, and Governance” was held, and a key highlight of this event was
the agreement to triple the finance to developing countries, from the previous goal of USD 100
billion annually to USD 300 billion annually by 2035. These significant steps aim to help developing
nations adapt to and mitigate climate change [6].

4.Domino Effect

Due to these initiatives, we are now witnessing the encouragement and promotion of the
development of sustainable energy like solar [7]-[11], biofuels [12]-[18], wind [19], tidal [20], [21]
and hydropower [22]. The European Union reported a 30% reduction in greenhouse gas emissions
between 1990 and 2020, and countries like Denmark and Sweden shifted to renewable energy to
cut down carbon emissions. Set a target of 30% by 2030, global electricity must be achieved from
renewable sources, which is less than 5% in the 1990s. The investments in renewable energy are
eye-catching, with record-breaking installations of solar and wind turbines. Similarly, the adoption
of energy-efficient technologies in different sectors like transportation, building, and industry has
reduced energy consumption. This has resulted in a global improvement in energy intensity of over
2% annually since 2010. One of the most significant practical achievements in the transportation
sector is the rise of electric vehicles and a statistical report reveals in 2023, 14% of new vehicles
sold globally are electrical, and countries like Norway lead with over 80% of the new car sales are
electric. Most of the developed countries have reduced their reliance on coal utilization, and
between 2012 and 2022, coal power generation declined by 30% in Europe. Technological
advancements like carbon capture and storage (CCS) are giving fruitful results by capturing millions
of tons of CO2 annually.

5.Conclusion

Greenhouse gas emissions impact the atmosphere uniformly, regardless of whether they
originate from developed, developing, or underdeveloped nations. Nature operates on a give-and-
take principle, making it clear that isolated efforts by individual countries will fall short without
collective global action. Addressing global challenges requires global solutions. Raising awareness,
ensuring equitable distribution of funds, fostering collaborative and strategic commitments, and
enforcing stringent measures against major emission sources are critical steps. Together, these
efforts will pave the way toward achieving Decarbonization goals and securing a sustainable future
for all.
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