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Abstract: 

The present study was undertaken in order to know the enhanced efforts and awareness 

about the use Of Green technology applications to reduce greenhouse gas emissions (GHG) 

to control Global warming and Climate Change which can assist the students and 

researchers to develop projects related to Environmental Sustainability.  

In the present investigation the survey of the data from the literature reveals that the efforts 

to control global warming by using green technology techniques have enhanced to a greater 

extent and at a faster pace in the recent years compared to the years followed after the 

Historic 2015 Paris Agreement.  
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The UNFCCC United Nations frame work Convention on Climate Change has a network of 
more than 150 Organizations. The organizations are trying for the Development of various 

solutions and technologies that can help to Control Global Warming to combat Climate 

Change. Universities Worldwide have integrated Sustainability into their core Subject 
values, operations and Academic Programs for Community and Students. University of 

Manchester is offering M.Sc. Climate Change: Science, Society and Solutions. Top 30 

Universities offer Sustenance Development M.Sc. Study online and Part-time with Sussex 
ranked 1st in the World for Development. In India IITS have started Environmental 

sustainability and development Courses.  Indian Institute of Science IISc; has started 

Sustainability Certification course. 

The survey reveals that a range of strategies are available to help Organizations reduce 

Greenhouse emissions (GHG) in the areas of Energy Efficiency, Renewable Energy, Supply 
chain, waste reduction and diversion strategies, fuel efficiency in transportation and 

logistics to help reduce the GHG opportunities. 

Solar Power advancements, wind turbine innovations, and smart grid integration are 

shaping the future of renewable energy projects by embracing these technologies; we can 
accelerate the transition to a greener and more sustainable future. New technologies are 

being reported at a faster pace now a days and the research Publications on green 

technology innovations have increased considerably.  

Recently reported ‘Solar Paint’ technology could be cheaper to panels. Japan is developing 

a Technology that could upend china’s dominance in Solar Panels. Thin, light weight film 
with perversity cells could revolutionize the solar industry. Accusation Energy announced 

the series production of the series Production of its Sodium-ion battery modules and Packs 

for advanced battery systems. The information available from the present investigations can 
help the researchers in developing ideas for projects related to Environmental 

Sustainability. 

Keywords:  

Professional Courses, Environmental Sustainability, Development Interdisciplinary, 

Climate and Energy Sciences, Renewable Technologies, Green and Clean Technology 

Innovations. 

10.1 Introduction: 

Before and after the historic Paris agreement for Climate Change in 2015 research 

publications (1-5) reveled that there was a need for the better awareness of Green Chemistry, 

Green technology and green practices and new Professional courses in environment 

Sustainability and Development to tackle climate Change (6-9). 

The enhanced awareness of Global warming in recent years has internationally resulted in 

offering several Professional Courses and advanced Research in Environmental 

Sustainability and Development the Percentage of research Publications Internationally has 

increased enormously as can be seen from graphical Data.  
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Universities Worldwide have integrated Sustainability into their core Subject values, 
operations and Academic Programs for Community and Students. University of Manchester 

is offering M.Sc. Climate Change: Science, Society and Solutions. The interdisciplinary 

program is led by the Department of Geology, with contributions from around the 
University, including the Tyndall Centre for Climate Change Research. Top 30 Universities 

offer Sustenance Development M.Sc. Study online and Part-time with Sussex ranked 1st in 

the World for Development. In India IIT Madras launches new School of Sustainability. 
The school seeks to teach interdisciplinary courses on Sustainability. IIT Kanpur has started 

e-Masters in Climate and Sustainability. The IIT Gandhi nagar has announced Online PG 

degree in Energy Policy and Regulation program (10-12). 

Greenhouse gas emission worldwide has increased enormously according to World –Statics 

and Facts as Energy demands has risen dramatically in recent decades as global populations 
have grown and economics have developed. The increased combustion of fossil fuels to 

meet this demand has seen global greenhouse gas (GHG) emissions soar to more than 

50Billion metric tons of CO2 equivalent (Gt CO2 e) annually. GHGS which can stay in the 
atmosphere for Centuries trap heat within Earth’s atmosphere by absorbing the Sun’s energy 

and preventing from escaping into Space. Global emissions need to reduce significantly 

over the coming decades to limit global temperatures to 1.5 degrees Celsius above Pte-

Industrial levels and mitigate the Worst impacts of Climate Change. 

Who are the Biggest Emitters to Global GHG emissions is China fallowed by the United 
States. China wasn’t always the World’s biggest emitter but rapid economic growth and 

industrialization in recent Decades have seen emissions Soar. Since 1990, CO2, emissions 

in China have increased by more than 400%. By comparison, US.CO2, emissions have 
fallen by 206%. Nevertheless, the North American country remains the biggest carbon 

polluter in history. 

Global events cause emission to drop the outbreak of Covid -19 caused global CO2 emission 

to Plummet some 5.5%in 2020 as a result of lockdown & other restrictions. However, this 

wasn’t the only time in recent history when a major global event caused emissions 
reductions. For e.g., the 2009 global recessions resulted in CO2 by almost 2%, while the 

recession in the early 1980 s also had a notable impact on emissions on a % basis, the largest 

annual reduction was at the end of the second World war in 1945 when emissions decreased 

by 17%. 

Study which contradicts the popular belief that climate has undergone periods of Cooling 

and warming over centuries conducted by an international team of Scientists led by Raphael 

from the University of Bern Switzerland which was published in well-known Journal Nature 

and in Supplementary publications in Nature Geo Science. According to the Guardian, the 
concerning acceleration of Global warming, leading to potential breach of the 

internationally established 1.50C. 

Limit outlined in the Paris climate agreement ahead of schedule, poses a world that could 

become “less tolerable to humanity with greater climate extremes”. This insight comes from 
a Study led by James Hansen, a former NASA scientist who delivered a crucial warning 

about climate change to the US Congress in the 1980s. 
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Hansen explains that there is substantial amount of global warming already in progress due 
to ongoing Fossil fuel usage and the Earth is “very sensitive” to these impacts, far more than 

the estimates by the UN’s intergovernmental Panel on Climate Change (IPCC) Hansen said, 

that “We would be damned fools and bad scientists if we didn’t except an acceleration of 
global warming. We are beginning to suffer the effect of our Faustian bargain. That is why 

the rate of global warming is accelerating. 

Scientists have been debating whether global warming is speeding up 2023 year, especially 

with temperatures reaching record highs. Hansen has pointed out an imbalance in the energy 
the Earth receives from the Sun and the energy it emits, which has significantly increased 

over the past ten years. 

The recent research, which involves Hansen and more than a dozen scientists, argues that 

that this energy imbalance, the Earth ‘s increased climate sensitivity, and a reduction in 

pollution from shipping resulting in fewer sulphur particles that reflect sunlight, are all 
contributing to the acceleration of global warming. “We are in the early phase of a climate 

emergency”, the paper warns. 

Hansen said that while reducing should be the highest priority,” thanks to the slowness in 

developing adequate carbon –free energies and failure to put a price on carbon emissions. 
It is now unlikely that we can get there-a bright future for young people from here without 

temporary help from solar radiation Management”. Reported The Guardians. 

This year 2023 is on track to be the hottest ever recorded with high certainty, and one climate 

researcher described the temperatures in September as remarkably extreme. A recent report 

has shown that the available carbon budget to keep global warming within 1.5 0C is almost 

used up, mainly due to ongoing fossil fuel and deforestation. 

James Hansen’s warnings have largely come true, and his concerns about the escalating 

impact of global warning are being taken seriously by many researchers. However, there is 

still debate on the exact rate of acceleration. Climate Scientist Michael Mann from the 

University o Pennsylvania said that James Hansen and his co-authors are “very much out of 
the mainstream” in identifying an acceleration in surface warming, which has “continued at 

a remarkably constant rate for the past few decades”. Mann said that reducing shipping 

emissions has minimal impact on climate system and regards the idea of solar re-
engineering as misguided and a “very slippery slope “Robert Jackson, a Stanford University 

scientist and chair of the Global Carbon Project said “I think Hansen’s contention that the 

IPCC has underestimated climate sensitivity somewhat will prove to be correct. It is hard to 
know what ‘s unlikely any more in terms of warming. No fossil fuel has declined in use yet 

globally, not even coal” I think Hansen’s pessimism is warranted. He stood up 35 years ago 

and sounded the alarm-and the world mostly ignored him and all of us”. Other researchers 

are more open to James Hansen’s alarming prediction of intensified global warming. 

Addressing the Climate Crisis will also require innovation in many other areas, such as 
Finance. Institutional design, novel partnerships, philanthropy, and international 

cooperation to name a Few. Take technological carbon removal, for example. The IPCC 

and National Academics of Sciences suggest that by midcentury,8-10 megatons of carbon 
dioxide (GtCO2) may need to be removed annually, but we cannot rely on any one approach 
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to achieve that scale. Natural approaches, such as landscape restoration, may remove 5-
6GtCO2 with significantly renewed efforts, but engineering approaches such as direct air 

capture and storage will be needed as well if we are to remove and store carbon as much as 

the latest science suggests is necessary. Yet many technological approaches remain at the 

earliest stages of development and require drastic cost reductions.  

Only a few companies are piloting direct air capture today. Scaling capture and storage will 

not only rely upon technological innovation to reduce energy inputs and costs, it will also 

depend on policy support such as tax credits, greater market demand, and public and private 
investment, among other factors. And in addition to support for the technology, itself, 

another set of drivers must come together to support its enabling infrastructure. The De 

cauterization of cement production, one of the world’s most energy intensive materials, is 

another example of the need for innovation. Demand for cement is growing for more quickly 

than innovation is offering solutions. 

Sepion Technologies brings a differentiated approach to replacing graphite anodes with 

Lithium metal by combining the latest in nano Science polymer chemistry and UK 

engineering to safely unlock40% increase in EV range with giga factory compatible 
sustainable practices such as energy Efficient infrastructure renewable energy solutions, 

waste reduction and recycling program and sustainable transportation initiatives.  Sepion is 

an advanced materials company enabling safe, energy dense lithium –metal batteries for 

long range and low cost.C4V, the US. Based Li-ion battery Technology Company, has 
signed a MoU (Memorandum of Understanding) with Hindalco industries, for the 

development and supply of Battery Grade Aluminum foils.  

Coated foils and Structural Components for the Li-ion cells. As per the MoU, Hidalgo will 

provide up to 2000 tons of battery foil to C$V, over a five-Year Period. The agreement also 
outlines a strategic road map encompassing collaboration on materials and joint technology 

development. Aligning with the evolving demands of the Indian EV market, and is focused 

on self-reliance in Indian EV battery technology.   

Very Recently, a Breakthrough Technology from a Swedish start -Up and an Indian 

company may change the EV battery game. Over the last month, two announcements have 
been made about a new type of battery, one that could majority shake things if all the 

promises turn out to be true. The New kid on the block is Sodium –ion batteries which 

swap sodium for the lithium that powers most electric Vehicles (EVS) and devices like 
mobile phones and laptops today. In November 2023, North volt a Swedish start –up, 

revealed the development of a sodium –ion battery that has no lithium, Cobalt or Nickel –

critical metals that manufacture have scrambled to obtain, leading to volatility in prices. 

Back home, PIT Technologies Pune based company underlined its Sodium (Na)-ion battery 
technology, proudly asserting itself as the first Indian company and the fourth globally to 

possess a proven technology solution for Sodium –ion battery Storage.   While Lithium-ion 

batteries currently dominate the industry, serious concern remains about the limited 
Availability   of lithium used in these batteries. Conversely, Sodium –ion batteries provide 

a more sustainable alternative due to the tremendous abundance of salt in our oceans, 

thereby potentially providing a lower –cost alternative to the rapidly growing demand for 
energy storage. Currently most sodium ion batteries contain a liquid electrolyte which has 

a fundamental flammability risk. In contrast Sodium (Na) Super ionic Conductor 



Bridging Sustainable Solutions in a Multidisciplinary Approach 

74 

 

(NASICON) materials are non-flammable solid-state electrolytes with high ionic 

conductivity and superior chemical and agrochemical stability. 

Researchers within the University of Maryland’s A. James Clark School of Engineering, 

have now developed a NASICON -based solid- state  sodium battery (SSSB) architecture 

that outperforms current sodium –ion batteries in its ability to use sodium metal as the anode 
for higher energy density, cycle it at record high rates, and all with a more stable ceramic 

electrolyte that is not flammable like current liquid electrolytes Dr. Eric Waksman, 

Distinguished University Professor and Director of the Maryland Energy Innovation 
Institute notes, “Sodium opens the opportunity for more sustainable and lower cost energy 

storage  while Solid –state  sodium metal technology provides the opportunity for high 

energy density batteries.  

However, until now no one has been able to achieve the high room temperature solid-state 

sodium-metal cycling rates we have achieved here “The unique 3D electrolyte architecture 
was recently published in Energy & Environmental Science and provides the promise of 

high energy density and commercially viable solid –state sodium batteries.  

The successful demonstration of both stable sodium cycling at high current densities and 

full cell cycling with thin 3D structured ion –conducting NASICON solid –electrolytes are 
a significant advancement towards sustainable and more economical energy storage 

technology. 

PLASTIC WASTE Becomes Clean Hydrogen Gold mine a technique called flash joule 

heating at Rice University can convert plastic waste even unsorted and unwashed, into clean 

hydrogen and valuable Grapheme. If sold at just 5% of the market value, the grapheme 
produced could make the hydrogen essentially free, provided the process is powered by 

renewable energies. While green hydrogen offers significant potential for de carburization, 

especially in high heat industrial applications, its production requires vast amounts of clean 

energy, necessitating a balanced approach to its adoption.  

A study focused on turning waste plastics into high –value grapheme just unlocked a new 
way of producing hydrogen that could transform the nascent industry and, on a grander 

scale, positively after projected decarburization pathways. The breakthrough could be a 

win-win for the environment recycling plastic waste-of which the world has approximately 
6.3 billion tons-while providing high-yield hydrogen gas which can be used as clean fuel, 

all while producing graphene as an end product which makes the whole process 

economically viable.  

The breakthrough is dated in a new paper in Advanced Materials. Despite its slow start, the 
green hydrogen industry holds great promise for the global decarburization Effort, as it can 

be   used in industries that are particularly hard to clean up such as steel making and hipping. 

Unlike solar and wind energy, hydrogen can be used as a combustible fuel source, meaning 

it can replace fossil fuels in industrial furnaces, leaving behind nothing but water vapor 
when it’s burned. The potential implications are hard to overstate. “Replacing the fossil 

fuels  now used in furnaces that reach  1,500 degrees Celsius (2,732 degrees  Fahrenheit) 

with hydrogen gas could make a big dent  in the 20% of global dioxide emissions that now 
from Industry”, Blooming wrote last year in report  “titled “Why  Hydrogen is the Hottest 
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Thing in Green Energy .However, while it seems that converting all of these heavy 
industries to green hydrogen as soon as possible would be an obvious win for the 

environment, the reality is not quite so simple.  

Production of green hydrogen requires enormous amounts of clean energy which may be 

better used in other Applications. A 2022 report by the International Renewable Energy 
Agency (IRENA) warns against, the “indiscriminate use of hydrogen “cautioning policy-

makers to consider that overuse of green hydrogen “may not be in line with the requirements 

of a decarbonized world”  

As such, deserting too much green energy toward hydrogen production could actually slow 

down the decarburization movement ass to the roster. 

Researchers at the University of Adelaide have innovated a method to convert polyethylene 
waste into a valuable chemical using high driven photo catalysis ad solar energy The 

University of Adelaide’s Professor Shanghai, led the team that published their findings in 

the journal of Science Advances. 

A range of Strategies are available to help Organizations reduce their Greenhouse gas 
(GHG). Below are A list of resources and guides to help Organizations identify and 

implement GHG reduction opportunities. 

• Renewable Energy 

• Energy Efficiency   

• Renewable Energy 

• Supply Chain 

• Roseate Methane Emissions 

• Waste reduction and Diversion Strategies 

• Increase fuel efficiency in transportation and logistics. 

Attention is being paid to renewable energy technological innovation (RETI). Renewable 

energy is recognized as the future energy because of their free of CO2 emissions so the large-

scale use of renewable energy can improve energy security and mitigate Climate change. 

Efforts to spur innovations must focus not only on research and development of these 

techniques but also on technologies and infra structure this solution depends on such as 

integrated grids and Battery Storage. Some trends already show incredible promise.  

Battery pack prices have fallen almost 90 percent over the past decade. We have seen 

exponential growth in renewable. Now the technologies of choice in many places. And 

Electric vehicle (EV) sales have accelerated with a growing number of Governmental phase 
outs o internal combustion engines, subsides to increase demand, and car companies 

embrace EV fleet targets.  

The Question which arises is what are the innovations to reduce climate Change? 

10.2 Materials and Methods:  
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The Data Collected from the Survey of the Literature on the greater efforts in the recent 

years to reduce global warming is summarized in Table 10.1 as follow: 

Table 10.1: Data collected from a literature survey on major efforts to reduce global 

warming 

Sr. 

No. 

Recent Efforts Data from the Survey Efforts to Utilize the Techniques 

 

1 

Professional courses on environmental and 

Sustainability Development. Manchester 
Global Development Institute is one of the 

largest development studies Centre. 

Universities Worldwide have integrated 

Sustainability into their core Subject 
values, operations and Academic 

Programs for Community and Students. 

Students can learn about new techniques 

&get employed 

2 Research Publications on Global Warming 

and Climate Change. Environmental 
Sustainability & Development 

Several Publications in the recent Years. 

More Research Publications reported 
faster as seen from the graphical Data. 

Can assist in knowing efforts using 

green technology   

3 

 

The UNFCCC United Nations frame work 

Convention on Climate Change has a 

network of more than 150 Organizations 

The organizations are trying for the 

development of various solutions and 

technologies that can help to Control 
Global Warming to combat Climate 

Change 

4 A range of Strategies are available to help 
Organizations reduce their Greenhouse gas 

(GHG) Emissions. 

Energy Efficiency 
Renewable Energy 

Supply Chain 

Waste reduction and Diversion 
Strategies 

Roseate Methane Emissions 

Increase fuel efficiency in transportation 

and logistics 

5 a The Question which arises is what are the 

innovations to reduce climate Change? 

 

Three Innovations opportunities alone 

which can be helpful are as follows: 

• Direct air Capture and Storage 

• Advanced Batteries and 

• Hydrogen Electrolyzers can deliver 

roughly 15% of cumulative 
emissions reduction between 2030-

2050. 

5 b Data on exponential growth in renewable. 

Now the technologies of choice in many 
places. Data on Perovskite cells a game –

changer for Solar energy? Perovskites hold 

New kid on the block is Sodium –ion 

batteries which swap sodium for the 
lithium that powers most electric 
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Sr. 

No. 

Recent Efforts Data from the Survey Efforts to Utilize the Techniques 

promise for creating Solar Panels that could 
be easily deposited onto most surfaces. 

Vehicles (EVS) and devices like mobile 

phones and laptops today. Use of new 

Solar Panels for solar energy. New 

techniques of Recycling Plastics. 

Attention is given to Renewable energy 
technological innovations 

(RETI)includes Perovskites Solar Panels 

10.3 Results and Discussions: 

The future of energy lies in the implementation of renewable resources, primarily wind, 

Sunlight, water, and geothermal. Combined global efforts in the intelligent application of 

these natural resources can help planet Earth remain green. 

Many Innovations are being reported in past recent years using the new green technology 

and sustainable techniques. These publications have significantly increased from 2016 

onwards.  

 

Graph No 10.1: Number of Publications from 1999 to 2019 

Greenhouse gas emission worldwide has increased enormously according to World –Statics 

and Facts as Energy demands has risen dramatically in recent decades as global populations 

have grown and economics have developed. The increased combustion of fossil fuels to 

meet this demand has seen global greenhouse gas (GHG) emissions soar to more than 
50Billion metric tons of CO2 equivalent (Gt CO2 e) annually. GHGS which can stay in the 

atmosphere for Centuries trap heat within Earth’s atmosphere by absorbing the Sun’s energy 

and preventing from escaping into Space. Global emissions. We need to reduce significantly 
over the coming decades to limit global temperatures to 1.5 degrees Celsius above Pte-

Industrial levels and mitigate the Worst impacts of Climate Change. 
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As we look at the diversity of the life forms around us, do we ever acknowledge that there 
is only one Planet, Earth, to sustain? One planet is enough to satisfy food and home needs 

for all microorganism the resources are used judiciously. 

Human beings the most cognitively evolved, have ingeniously utilized all natural resources 

in a variety of ways to meet demands posed by their ever-growing population. In this 
process, we are individually reducing the fundamental niche of other forms. Currently, 

global ecological footprints are at 1.75, meaning that the world population needs 1.75 Earths 

to sustain itself. 

Anthropocentric activities have put immense pressure on natural resources and have 

exacerbated Environmental issues such as biodiversity loss, habitat degradation and Climate 
Change. These Challenges pivot around the generation and usage of energy globally. 

Harnessing renewable resources to produce green energy provides answers for creating 

innovative solutions to these core environmental challenges. The following pi graph shows 

the Global Greenhouse Gas Emissions by different Gases 

 

Graph No 10.2: Global Greenhouse Gas Emissions by Gas 

The emissions million metric tons of CO2 equivalent can be seen from the following graph 

which reveals how it has increased significantly from 1990 to 2015 onwards 
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Graph No.10.3: Emissions (millions metric tons of carbon dioxide equivalents) from 

1990-2015 onwards 

The sector wise annual Greenhouse Emissions can be seen from the following graph  

 

Graph No. 10.3: Annual Fossil CO2 Emissions 
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The carbon 2020 from different sources can be seen from the following pi Graph 

 

Graph No.10.4: carbon 2020 from different Sources 

To understand carbon dioxide emissions per person from different usages is shown in the 

following Pi Graph 

 

Graph No .10.5: Carbon dioxide emissions per person Carbon dioxide from different 

countries can be seen from the following graphical representation 
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Graph No 10.6: carbon dioxide emission per Person Country 

 

Graph N0.10.7: Climate Change a Key Factor in Decision Making for 2020 onwards 
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Graph No.10.8: Public opinion causes of climate Change 

 

Graph No 10.9: Annual Fossil CO2 Emissions 
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Graph No 10.10: How Greenhouse gases warm Our Planet 

Renewable energy seems to be the best alternative and sustainable solution to address 

energy security issues in novel ways and meet the growing energy demands globally in the 

future. 

As we look at the diversity of the life forms around us, do we ever acknowledge that there 
is only one Planet, Earth, to sustain? One planet is enough to satisfy food and home needs 

for all microorganism the resources are used judiciously. 

Human beings the most cognitively evolved, have ingeniously utilized all natural resources 

in a variety of ways to meet demands posed by their ever-growing population. In this 
process, we are individually reducing the fundamental niche of other forms. Currently, 

global ecological footprints are at 1.75, meaning that the world population needs 1.75 Earths 

to sustain itself. 

Anthropological activities have put immense pressure on natural resources and have 

exacerbated Environmental issues such as biodiversity loss, habitat degradation and Climate 
Change. These Challenges pivot around the generation and usage of energy globally. 

Harnessing renewable resources to produce green energy provides answers for creating 

innovative solutions to these core environmental challenges. The future of energy lies in the 
implementation of renewable resources, primarily wind, Sunlight, water, and geothermal. 

Combined global efforts in the intelligent application of these natural resources can help 

planet Earth remain green. They can efficiently seal the gap by reducing energy deficits and 

fulfilling the growing demands. 
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10.3.1 The Future of Renewable Energy: 

According to Word Energy Outlook 2022 a flagship publication on analysis and projections 

by International Energy Agency (IEA), we are in the middle of the first global energy 

crisis.90% of the increased global pressure on electricity prices is due to high gas, oil, and 
coal prices. The global energy systems, which rules heavily on non-renewable resources is 

unsustainable. 

According to the IEA, this energy Crisis has stimulated the installations and usage of Solar 

photovoltaic cells and wind energy in 2022, which will continue to grow in the coming few 

years. These renewables are crucial to cutting down on pollution, generating clean energy, 
and addressing energy security issues. Moreover, the energy created will be cheaper and 

more affordable. Tapping the huge potential of solar, wind and hydro power can accelerate 

the energy economy 

A shift in the investment in clean energy over fossil fuels has been observed, as per a report 
by the IEA, with the projection of clean energy almost doubling in 2023. Graph No. Global 

Energy investment in clean energy and fossil fuels, 2015-2023image by IEA 

According to another IEA report, the energy crisis sparked by the Russian –Ukraine war 

has already steered the renewable capacity to be upped by 40%in Europe by 2024.Increased 

policy support and affordable installation in Germany, Italy and Netherlands have made 
small-scale rooftop solar Photovoltaic (PV) more lucrative. Globally, approximately 100 

million households will rely on rooftop solar PV by 2030. 

Hydro power has been used on a small scale since time immemorial in flour mills ast 

running water ocean waves, and tides can be leveraged to create energy from water. Water 
energy contributed to one-sixth of electricity globally in 2020.Though hydro power is the 

largest renewable source for generating energy, it decreased by 0.4%nin 2021 due to 

intermittent droughts in rich hydro power countries such as Brazil, the United States, 

Turkey, China, India, and Canada, according to the IEA wind can be harnessed by using 
turbines in windmills to generate energy. It is the Second –largest renewable source of 

energy, electricity production from wind grew by record in 2021 (up by 17%), says the IEA, 

making the growth rate 55% higher if compared with 2020.The leading contributors to wind 

generation growth in 2021 are China (70%), the United State (14%) and Brazil (7%) 

Geothermal Power plants release heat that generates inside the Earth’s core to produce 

energy. This energy can be used for generating electricity or direct age through heat pumps. 

According to IEA’s 2021 Annual report, electricity generation has been overtaken by the 

direct use of geothermal energy globally with over25%o the world’s total online capacity, 

the US remained at the top globally I installed geothermal capacity. 

Supporting polices for green energy across nations is an impetus for gaining energy 

independence and boosting the economy. The economic assistance plan for growth is 

promising. Approximately US$108 Billion earmarked for clean energy and $470 billion in 

energy –related stimulus packages by individual countries are estimated to be invested. 
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Graph No 10.11: Net Renewable electricity capacity additions by technology 2017-

2024 

 

Graph No.10.12: growth of renewable energy resources in India 

The IEA also predicts that the implementation of solar PV and wind power will increase 

significantly this year due to an increase in policy momentum fossil fuel prices, and 
concerns about energy security. The growth is expected to match the power output of China 

and the United States, with the total global capacity for renewable electricity reaching 4,500 

GW. Renewable energy sources are omnipresent.  
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They can be harnessed easily by using appropriate technology. It is imperative to deploy 
renewable energy resources and enhance green energy generation capacity to tackle climate 

change and meet net zero emissions. Green energy is not only ecofriendly but also 

affordable and generates employment. It will revolutionize sustainable energy systems. 

10.4 Summary and Conclusions: 

Emerging technologies are transforming the renewable energy landscape, making clean and 
sustainable energy sources more accessible, efficient and cost effective, solar power 

advancements, wind turbine innovations, energy storage breakthroughs, and smart grid 

integration are saping the future of renewable energy projects. By embracing these 
technologies, we can accelerate the transition to a greener and more sustainable energy 

future.  

Some of the important invention’s researchers are reporting very recently and are hoping 

that they can make use of renewable energy sources and fight the Climate Change with 

sustainable green technology applications are summarized as follows. 

A. Revolutionary Monolithic Perovaskite Hybrid Tandem Solar Cells with 23% efficiency. 
These Solar cells address the limitations of single –junction designs and offer promosing 

solutions for harnessing solar energy while combating greenhouse gas emissions. 

B. The New kid on the block is Sodium –ion batteries which swap sodium for the lithium 

that powers most electric Vehicles (EVS) and devices like mobile phones and laptops today.  
Back home, PIT Technologies Pune –based company Unveilined its Sodium (Na)-ion 

battery technology, proudly asserting itself as the first Indian company and the fourth 

globally to possess a proven technology solution for Sodium –ion battery Storage.    

C. Hydrogen Electrolyzes can deliver roughly 15% of cumulative emissions reduction 

between 2030-2040 

D. PLASTIC WASTE Becomes Clean Hydrogen Gold mine a technique called flash joule 
heating at Rice University can convert plastic waste even unsorted and unwashed, into clean 

hydrogen and valuable Graphene. If sold at just 5% of the market value, the grapheme 

produced could make the hydrogen essentially free, provided the process is powered by 

renewable energies. 

Researchers at the University of Adelaide have innovated a method to convert Polyethylene 

waste into valuable chemicals using light –driven photo catalysis and solar energy. 

E. Clean Drinking Water from Thin Air? Scientist’s Breakthrough Revolutionizes Access 

to Pure Water SOURCE, a US-based company founded by DR. Cady Friesen, a material 

scientist is making waves in the renewable energy sector. They have an innovated the one-
of-a kind Hydropanel which is a sustainable water technology that uses the power of the sun 

to extract a clean drinking water from the air. The organization has innovated the world’s 

first renewable drinking water system, which can make clean, safe, potable water ‘entirely 

of-grid, anywhere in the world “ 
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F. The use of artificial intelligence AI can contribute to the fight against climate change. 
Existing AI system include tools that predict weather, track icebergs and identify pollution. 

AI can also be used to improve agriculture and reduce its environmental impact, the World 

Economic Forum Says. Renewable energy systems’ efficiency and reliability can be 
improved by AI algorithms that predict energy demand, optimize grid operations and 

integrate renewable energy sources seamlessly, reducing greenhouse gas emissions and 

promoting a shift toward low –emission energy solutions, 

G. New ‘green concrete could change the construction industry: “We are on the cusp of 
second Industrial revolution.’ Concrete manufacturing is one of the world’s leading sources 

of industrial pollution, accounting for roughly &% of the world’s total heat –trapping carbon 

pollution every year-contributing to worsening air quality and overheating of our planet, as 

the Wall Street journal reported. 

Now, a startup called Carbon cure technologies has come up with a way to limit that carbon 

pollution-by taking carbon dioxide and injecting it directly into concrete itself. 

The carbon dioxide then reacts with the calcium ions in cement to form a very hard 

substance called calcium carbonate, reducing the overall amount of cement needed and 

trapping instead of sending it out into the atmosphere. 

Carbon cure, which has gotten financial backing from Amazon and Microsoft, is working 

with construction companies like Vulcan Materials to get its technology into concrete. It 

refers to end product as “green concrete” 

Injecting carbon isn’t the only method that scientists have developed to make concrete more 

environmentally friendly. Researchers in Australia have begun adding coffee grounds to 

concrete, which they say can make the substance stronger while also providing a sustainable 

alternative to mined sand and preventing the coffee grounds from ending up in a landfill. 

H. Researcher at Chalmers University of Technology in. Sweden, have succeeded in 

creating a system that can capture and store solar energy for upto18 years and can produce 

electricity when connected to a thermometric generator. 

The implications of this breakthrough are major; with, solar energy can be stored and sent 

anywhere in the world and then converted into electricity on demand.  

The result is a closed, circular system that works without generating planet –overheating 
carbon dioxide pollution. The researchers tested their discovery by harvesting solar energy 

in Sweden and sending to colleagues at Shanghai Jia Tong University, who were able to tur 

into usable electricity. 

“This is a radically new way of generating electricity from solar energy to produce 
electricity regardless of weather, time of day, season, or geographical location “said 

research leader Kasper Poulsen, Professor at the Department of Chemistry and Chemical 

Engineering at Chalmers. “I’m very excited about this work. We hope with future 

development this will be an important part in the future energy system” 
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Solar energy is on the rise, and it is undoubtedly better for the planet than dirty energy, 
sources like oil or gas, but it also comes with its own difficulties –such as the fact that it can 

only be harvested when the sun is shining, making it less viable in parts of the world that 

don’t get much sun. However, with this new invention, the potential for solar energy 
becomes even greater. The researchers believe that it could eventually replace electric car 

batteries and solar cells. 

“Together with the various research groups included in the project, we are now working to 

streamline the systems”, Professor Moth-Poulsion said” the amount of electricity or heat it 

can extract needs to be increased” 

So far, we have only generated small amounts of electricity, but the new results show that 
the concept really works. It looks very Promising “Zhihang Wang, another of the 

researchers on the Project said. 

The World’s biggest clean energy plant is being built in Gujarat. It is reportedly five times 

the size of the Paris and could be visible from the space. Advani Green Energy Limited 

(AGEL) is building a sprawling solar and wind power plant.  

The total cost of the plant is reportedly USD 100 million. It could generate enough 

electricity to fulfill the needs of the Switzerland. Renewable Energy Park, once built could 

fulfill the power needs of 16 million Homes, reported CNN. Notably, coal accounts for 70% 

of India’s energy needs. 

I. How bananas can be used to fight the plastic waste crisis: Bananas are one of the most 
popular and widely consumed fruits in the world. They are also the fourth most grown crop 

in the world, trailing only rice, wheat and corn. What could this tropical fruit have to do 

with fighting the ongoing plastic waste crisis? A lot, potentially, according to Srinivas 
Janasawmy, associate professor of food chemistry I South Dakota State University’s 

Department of Dairy and Food Sciences. His study titled “Biodegradable packing films 

from Banana peel fiber “was published in the journal sustainable Chemistry and Pharmacy. 

For the past few years, Janasawmy has been researching how different agricultural 

byproducts, like banana and avocado peels, can be utilized to create biodegradable films –
plastic like packing materials that will decompose in the environment. One of the biggest 

challenges with petroleum-based plastic-the most common type of plastic –is its lack of 

decomposition.   

For example, paste packing, like plastic bags, will take up to 20 yrs. to decompose. With 
very little plastic being recycled, most end up in landfills or littered in the greater 

environment, creating serious health and environmental consequences. Finding a plastic –

like alternative that will decompose relatively quickly would go a long way in fighting the 

ongoing plastic waste crisis. 

“Overall, the lack of biodegradability of plastics and its effects on human health and the 
environment warrant remediation measures with a viable alternative”, Janaswamy said. 

“Banana peels stand out as a promising and in expensive material” 
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J. Cities that could be under water by 2020: Global warming threatens sinking cities its 
low elevations, coastal locations, and flood –prone Areas. Here is a list of cities that 

Scientists predict will have some areas underwater by 2030 

a. Maiami faces the world’s fastest –rising sea levels, risking floods and infrastructures 

damage. 
b. Bangkok is” drawing” at 2-3 cm/year; Tha Kham, Samut Prakanand the airport may be 

submerged by 2030 

c. Amsterdam faces rising sea levels within 10 years, rising disastrous consequences 
d. Basra, a port cit in Iraq, is surround by soft marshland s that make some areas 

susceptible to rising sea levels. 

e. Ho Chi Minh City faces threats from floods and storms; the Mekong River’s eastern 

areas may become unlivable. 
f. Severe flooding and heavy rain in Kolkata are threatening large areas of this coastal city 

g. New Orelans, USA, is sinking at one of the fastest rates, with some parts sinking as 

rapidly as two inches per year. 
h. The city of Venice faces frequent floods and high tides and is sinking by 0, 08 inches 

every Year.  

K. Global warming Contribution: Global warming weakens the temperature difference 

between the equator and poles, causing the jet stream to linger at spring and summer. This 

allows more storms to strike north India after the winter season.  

The contribution of delayed winter storms and declining snow falls underscores the urgent 
need to address the fa-reaching impacts of climate change in the region. Without mitigation 

efforts, Indians water problems are expected to worsen as the world continues to warm. 

Some areas in Kashmir have witnessed no snowfall in December or January, raising 

concerns for the 750 million people in the Indus and upper Ganges basins who rely on winter 
snows for water supplies. The loss of winter snow and increased late –season storms 

exacerbate water scarcity issues 
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