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Chief Editor's Message 
 

Importance of Nuclear Energy to Accomplish Net 
Zero Carbon 

 
Prof R K Kotnala 

FNASC, FIGU, FMSI 
                Chief Editor, Current Natural Sciences & Engineering, Journal (CNS&E) 

        Prof R K Kotnala 
DOI: https://doi.org/10.63015/7nkotnala.2024.1.5 

 
* Corresponding author email:rkkotnala@gmail.com 

   
The world is entangled with the urgent need for existing energy modes transition to clean energy 
for mitigating global warming and climate change. It ultimately demands to set stringent goals for 
achieving net zero carbon for each country. In this direction different approaches are being 
stipulated and one of the important options emerges as nuclear power, a compelling option for 
sustainable development. Unlike renewable energy sources such as solar, wind and nuclear energy 
which provides a continuous and reliable supply of electricity with minimal greenhouse gas 
emissions. On the other hand nuclear power plants operate with high capacity factor compared to 
variable renewable sources that depend on weather conditions and its reliability makes nuclear 
energy a strong candidate for baseload power. Moreover, nuclear energy's low carbon footprint 
and high energy density output makes it an attractive alternative to fossil fuels. Although, it is 
crucial to acknowledge the challenges associated with nuclear energy, including the safe 
management of nuclear waste, the risk of nuclear accidents, and the high upfront costs of building 
nuclear power plants. Hence, a balanced perspective on the future of nuclear energy and its 
potential to contribute to a sustainable future is to be adopted carefully. However, a periodic 
advancements in technology and stringent safety measures, modern Nuclear reactors are designed 
to minimize environmental impact and enhance safety. 
      However, nuclear radiations are being used carefully and responsibly as powerful tools in 
healthcare medical imaging (PET Scan), radiotherapy in cancer treatment, therapeutic usages and 
different industries as tracers. The other critical aspects of applications are in manufacturing, 
agriculture and in environmental monitoring which consists of radioactive tracers injected into 
water sources to track the movement of water underground or in rivers and tracers are used to 
study soil erosion rates and identify areas prone to erosion etc.In the interest of Researchers, 
Engineers and scientific community CNS&E Journal took an initiative to publish fifth issue with 
a  special theme to address "Nuclear Energy for Sustainable Development and Environmental 
Management." 
            For this issue Dr D K Aswal, Director HSEG Bhabha Atomic Research Centre (BARC), 
Trombay has been invited to write a Guest Editorial on Nuclear Energy's Role in Sustainability 
and Environmental Protection in India and Dr S K Jha, Outstanding Scientist, BARC has been 
entrusted with Thematic Editorship. 
            Further, CNS&E journal is highly thankful to Dr D K Aswal, Dr S K Jha and the editors 
team of the journal for bringing out this issue. Nevertheless, Prof Nand Lal Singh NSUT, Delhi, 
Dr Amit Partap Singh, Indore and Dr Anurag Gaur, NSUT deserve a special thanks for their special 
efforts for the Journal. 
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Guest Editorial 
 

Nuclear Energy's Role in Sustainability and 
Environmental Protection in India 

 
Dinesh K Aswal* and Anirudh Chandra 

 
Health, Safety and Environment Group 

Bhabha Atomic Research Center, Trombay, Mumbai 400085 
 

                DOI: https://doi.org/10.63015/7naswal.2024.1.5 
 

                    * Corresponding author email: dkaswal@yahoo.com 
 

The world today stands at a critical juncture, grappling with the profound and far-reaching 
impacts of climate change. The increasing frequency of extreme weather events, rising sea 
levels, and deteriorating ecosystems only serve to underscore the urgency of transitioning to a 
low-carbon economy. Governments across the globe are intensifying their climate policies, 
striving to meet the ambitious goals set forth in international agreements such as the Paris 
Agreement. Central to these efforts is the systematic decarbonization of national energy mixes 
[1], where nations are increasingly turning to green and clean technologies to power their 
economies and ensure sustainable electrification. In this global race to mitigate climate change, 
renewable energy sources like wind, solar, and hydropower are often highlighted as the 
vanguards of a sustainable future [2]. However, the challenge lies not only in generating 
sufficient clean energy but also in ensuring a reliable and continuous supply that can meet the 
growing demands of an energy-hungry world. 

For India too, the stakes are particularly high. With a rapidly growing population and an 
expanding economy, the demand for energy is set to surge dramatically in the coming decades 
[3]. At the same time, India is committed to its nationally determined contributions (NDCs) 
under the Paris Agreement, aiming to reduce its greenhouse gas emissions intensity and 
increase the share of non-fossil fuel-based energy in its power generation capacity [4]. 
Balancing these competing priorities—meeting the burgeoning energy needs of its citizens and 
industries while adhering to climate goals—poses a formidable challenge. 

In this context, nuclear energy offers a compelling solution. As a source of clean energy, nuclear 
power generates electricity with virtually no greenhouse gas emissions during operation [5]. 
Moreover, nuclear plants occupy less land and have a minimal ecological footprint compared 
to other large-scale energy sources [6]. With advancements in technology, modern nuclear 
reactors are safer, more efficient, and capable of playing a key role in India's energy mix. They 
can provide the continuous, large-scale power needed to support industrial growth, 
urbanization, and the rising aspirations of millions, all while contributing to the nation’s climate 
objectives. 

This editorial for the special issue on "Nuclear Energy for Sustainable Development and 
Environmental Management" highlights how nuclear power can push India toward a 
sustainable energy future, striking a balance between economic growth and environmental 
preservation. 

 

Dr. D K Aswal 
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Where does nuclear power stand in today’s world? 

To understand the role of nuclear energy today, it is essential to look at both global and national 
perspectives. Nuclear power currently generates 2,602 TWh of electricity, accounting for 
nearly 9% of global electricity production [7]. With approximately 440 nuclear power plants 
in operation across 31 countries, the world has accumulated around 20,000 reactor years of 
operational experience [7]. This has been achieved through a period of rapid growth in the 60s 
to 80s, followed be a gradual stagnation and decline since the 90s and early 2000s. But in recent 
times, nuclear energy has seen a resurgence, driven by the volatility in energy markets, 
especially in Europe following Russia's invasion of Ukraine. This situation is further intensified 
by rising fossil fuel prices and the global push to meet climate change targets. 

While the revival of nuclear power in developed economies of the Global North has been 
gradual, it is the developing economies of the Global South that are expected to drive nuclear 
growth in the coming years [8]. India and China stand out as countries that have consistently 
pursued civilian nuclear power programs over the decades, positioning themselves as key 
players in the future expansion of nuclear energy [9]. 

In India, nuclear power currently contributes about 1.8% of the country's installed power 
capacity and nearly 3% of its national electricity needs [10]. The country operates 23 nuclear 
power plants with an average capacity factor of 83% and an availability factor of 86% [11]. 
Recently, the newly commissioned 700 MWe units, KAPS 3 and 4 in Gujarat, have begun full-
power operations, supplying electricity to the grid [12]. India's nuclear energy outlook is further 
strengthened by the core loading of the Prototype Fast Breeder Reactor (PFBR) at Kalpakkam 
[13]and its regulatory permission for first approach to criticality [14], marking the beginning 
of the long-anticipated second stage of India's three-stage nuclear program. With multiple 
projects in various stages of development [15] and several uranium supply agreements signed 
with countries like Uzbekistan, Kazakhstan, Russia, Canada, and France [16] [17], India is 
poised to significantly expand its nuclear power program in the coming decades. 

How does nuclear energy enable sustainable development? 

Going forward in the nuclear journey, it is important to understand what makes this energy 
source so significant. Nuclear energy plays a crucial role in enabling sustainable development 
by offering a reliable, low-carbon energy source that supports economic growth, social well-
being, and environmental protection (see Error! Reference source not found. for an 
illustrative understanding).  

Sustainable development is about meeting the needs of the present without compromising the 
ability of future generations to meet their own needs [18]. In this context, nuclear energy is a 
key player, particularly in mitigating climate change. Nuclear power plants generate electricity 
with minimal direct emissions of carbon dioxide (CO2) [19], making them essential in 
strategies aimed at decarbonizing the energy sector. As countries transition away from fossil 
fuels, nuclear energy provides a stable and consistent power source that complements 
intermittent renewable energy sources like wind and solar, ensuring a reliable supply of 
electricity while reducing the overall carbon footprint. 

The reliability and stability of nuclear power are significant advantages [20], especially when 
compared to some renewable energy sources that depend on weather conditions. Nuclear power 
plants operate continuously, providing a consistent and stable supply of electricity essential for 
supporting industrial activities, economic development, and essential services like healthcare 
and education. Furthermore, nuclear energy enhances energy security by reducing dependence 
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on imported fossil fuels [21], thereby reducing vulnerability to global energy market 
fluctuations and geopolitical risks, supporting long-term economic stability. 

Nuclear energy also contributes to economic development and job creation [22]. The nuclear 
industry creates high-skilled jobs in engineering, construction, operations, and maintenance, 
offering higher wages and long-term career opportunities. This, in turn, drives economic 
expansion, increases productivity, and improves living standards. Additionally, nuclear power 
supports industrial growth by providing a reliable and affordable electricity source, critical for 
infrastructure development and overall economic growth. 

From an environmental perspective, nuclear energy is beneficial due to its minimal land use 
and efficient resource utilization [6]. Nuclear power plants require significantly less land than 
many renewable energy sources, which helps preserve natural habitats and ecosystems, 
supporting biodiversity. Moreover, nuclear energy is highly energy-dense, meaning it produces 
a large amount of energy from a small amount of fuel, reducing the environmental impact 
associated with mining and resource extraction. 

In the long term, nuclear energy supports sustainable development by future-proofing energy 
needs. As populations grow and energy demands increase, nuclear power offers a viable 
solution that can meet these demands without exacerbating environmental problems. Advances 
in technology have also led to effective waste management practices, including long-term 
storage solutions [23] and the potential for recycling nuclear fuel [24], ensuring that waste is 
managed safely and sustainably. 

Finally, nuclear energy accommodates technological innovation. Continued research and 
development in nuclear technology, such as Small Modular Reactors (SMRs) and Generation 
IV reactors, are leading to safer, more efficient, and more flexible nuclear power options. These 
innovations address some challenges associated with traditional nuclear energy, such as high 
capital costs and safety concerns, making nuclear power an even more sustainable option. 
Moreover, nuclear energy can work synergistically with renewable energy sources, providing 
the consistent power needed to balance the intermittency of renewables, supporting the 
development of a more resilient and sustainable energy grid. 

 

Figure 1. Illustrating the beneficial attributes of nuclear energy and what it would take to support its growth
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How does nuclear energy support environmental protection? 

Nuclear energy plays a significant role in supporting environmental protection in several ways, 
primarily by reducing greenhouse gas (GHG) emissions, minimizing air pollution, conserving 
natural resources, and enabling land preservation.  

Nuclear power plants generate large amounts of electricity with almost no direct GHG 
emissions. During operation, nuclear reactors emit negligible amounts of carbon dioxide (CO2) 
[19], making them one of the most effective tools for mitigating climate change. In India, the 
operating nuclear power plants have generated nearly 411 billion units of electricity, averting 
nearly 353 million tonnes of CO2 equivalent to the environment [25]. This is particularly 
important as the global community and India strive to reduce carbon emissions to meet targets 
like those set by the Paris Agreement. Although nuclear energy does produce some emissions 
during the construction, operation, and decommissioning of plants, these emissions are 
comparable to those of renewable energy sources like wind and solar, and far lower than those 
from fossil fuel-based power generation [26]. 

Unlike coal, oil, or natural gas plants, nuclear power does not involve the combustion of fossil 
fuels. Therefore, it does not release harmful pollutants such as sulfur dioxide (SO2), nitrogen 
oxides (NOx), or particulate matter into the atmosphere. These pollutants are major 
contributors to air pollution, which can cause respiratory problems, cardiovascular diseases, 
and other health issues in humans, as well as harm ecosystems. By preventing the emission of 
SO2 and NOx, nuclear power helps reduce the formation of acid rain and smog, both of which 
have detrimental effects on the environment, including damage to forests, soils, and water 
bodies. 

Being a highly energy-dense source, nuclear power produces a large amount of energy from a 
small amount of fuel. For example, a single uranium fuel pellet, about the size of a fingertip, 
can produce as much energy as one ton of coal or 149 gallons of oil [27]. This efficiency 
reduces the need for extensive mining and extraction activities, which can have significant 
environmental impacts, including habitat destruction and water contamination. Therefore, the 
extent of mining and extraction activities for nuclear power is far less than for coal-based 
plants. 

Nuclear power plants also require less land than renewable energy sources such as wind or 
solar farms. For example, a nuclear plant can produce the same amount of electricity as a solar 
farm covering hundreds of times more land area [28]. This means that nuclear energy can 
provide large-scale power without requiring large tracts of land, preserving natural habitats and 
ecosystems. Furthermore, with the advent of SMRs, the land requirement for nuclear power is 
further reduced. 

Finally, though nuclear power generates radioactive waste, modern waste management 
techniques allow for its safe containment and storage. The volume of nuclear waste is relatively 
small compared to the waste produced by fossil fuel plants [29], which includes vast quantities 
of ash, sludge, and other byproducts that often end up in landfills or are released into the 
environment. Further, since India follows a closed fuel cycle, it is considered more sustainable 
in terms of waste management than open fuel cycle technologies in other countries [30]. And 
through advanced waste management techniques these wastes are stored deep below the earth’s 
surface to minimize their environmental impact [31]. Also, efforts towards transmuting the 
radionuclides in these wastes to further reduce their harm, is being pursued in India [32].  
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What can be done to support nuclear’s growth in India? 

The Indian government maintains a positive outlook on nuclear energy's role in facilitating a 
sustainable and clean transition away from fossil fuels. National economic models evaluating 
future energy needs across various human development scenarios emphasize the importance of 
nuclear power, alongside renewable sources, in replacing fossil-fuel-based plantsௗ [33]. Recent 
advancements, such as the addition of two new high-capacity nuclear power plants to the grid 
and the initiation of the second stage of India's three-stage nuclear program, highlight this 
commitment. Furthermore, increased governmental support for Small Reactors and Small 
Modular Reactors [34] highlights nuclear energy's anticipated critical role in driving India's 
future growth and development [33]. 

Therefore, it is now important to focus on the steps required to accelerate this growth. To ensure 
that the expansion of the domestic nuclear power industry aligns with the country's 
development needs, a range of supportive technological, economic, social, and policy-level 
changes are necessary (see for Error! Reference source not found. an illustrative 
understanding). 

On the technological front, Pressurized Heavy Water Reactor (PHWR) technology is likely to 
remain the backbone of India's domestic nuclear expansion [35]. However, a few upcoming 
projects aim to introduce large-capacity Light Water Reactor technologies from international 
vendors [25]. To ensure a seamless and timely integration of these new technologies, it will be 
crucial to develop the necessary expertise within India's nuclear engineering and science 
communities. With the announcement of the Bharat Small Reactor (BSR) and Bharat Small 
Modular Reactors (BSMRs) [36], the Indian government is also emphasizing a shift towards 
advanced, Generation VI reactors aimed at delivering nuclear energy directly to industrial and 
residential users. For BSRs, the existing, proven 220 MWe PHWR technology will likely be 
adapted [37] with suitable modularity to enable factory fabrication. In the case of BSMRs, 
extensive research and planning will be required to select the most suitable design from the 
over 70 SMR options available globally [38], tailored to meet India’s specific needs. 

To support the expansion of India's nuclear power program, significant advancements in 
technology will be necessary within the domestic nuclear supply chain. Key components of the 
nuclear value chain, including manufacturers, suppliers, and service providers, will need to 
enhance their capabilities to handle increased demand and align with international standards 
[39]. This involves adopting cutting-edge technologies and implementing rigorous 
international quality assurance measures and certifications [40]. Improving technological 
capabilities will ensure that domestic suppliers can meet the growing needs of the nuclear 
program efficiently and reliably. It will also be crucial for these entities to stay competitive on 
a global scale by adhering to international best practices in quality and safety. This includes 
investing in state-of-the-art manufacturing processes, advanced materials, and precision 
engineering to produce components that meet global standards. Additionally, fostering strong 
partnerships with international organizations and participating in global supply chains can 
provide valuable insights and support in achieving these objectives. 

The expansion of India's nuclear power program will also require substantial financial 
investments, as demonstrated by the recent budget allocation of nearly trillion rupees toward 
research and development in the domestic nuclear sector [41]. However, there is considerable 
potential for private investment in nuclear power production, which will likely materialize only 
after legislative changes are implemented. An example of this is the joint venture between 
Nuclear Power Corporation of India Ltd (NPCIL) and the National Thermal Power Corporation 
(NTPC) to develop the nuclear power project at Mahi Banswara in Rajasthan [42]. 
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Additionally, the BSR and BSMR programs are expected to be largely funded through private 
investments [36], reflecting a growing trend towards leveraging private sector capital in the 
nuclear energy domain.  

From an environmental perspective, it is crucial to reclassify the nuclear power industry based 
on its actual pollution emissions, in order to foster nuclear growth. Currently, the industry's 
classification as 'Red' in the Central Pollution Control Board’s (CPCB) color-coded 
environmental permitting scheme [43] imposes unnecessary strictness and negatively impacts 
public perception. Given the decades of safe operation of domestic nuclear power plants and 
their minimal conventional and radiological emissions [44], it is appropriate to categorize them 
as 'Orange' or 'Green' under the CPCB framework. This reclassification would enhance public 
perception and facilitate the influx of both domestic private and international investment 
through sustainable financing frameworks. The existing practices of conducting environmental 
impact assessments (EIAs) and submitting periodic emissions reports to environmental and 
nuclear regulators will continue to ensure that nuclear power plants operate safely and within 
environmental standards, even under a revised classification. 

As far as nuclear regulations are concerned, an expanding nuclear programme would mean 
greater more regulatory oversight. The introduction of new reactor technologies, such as SMRs 
necessitates evolving regulations to accommodate these advancements. But a specific area of 
concern is radiation health risk regulations. Currently, the framework is based on the linear no-
threshold (LNT) radiation risk model, which is scientifically flawed [45]. Research has shown 
that low levels of radiation do not cause the harm predicted by the LNT model; rather, there 
may be a threshold below which health effects are minimal [46]. Updating regulations to 
incorporate a dose-threshold based approach could support the nuclear expansion program by 
relaxing several operational and design requirements [45]. This change would also enhance 
public perception by aligning regulations with current scientific understanding of low-dose 
radiation. Additionally, directing scientific research towards studying the effects of low doses 
of radiation on biological systems, through both experimental and theoretical approaches, 
would provide a more accurate basis for risk assessment and regulation [47]. This would go a 
long way in grounding the nuclear expansion in scientific principles and evidences.  

Finally, public consensus on nuclear power projects is crucial. Achieving this consensus 
requires a comprehensive approach involving nationwide public awareness campaigns at local, 
state, and national levels. An effective strategy would be to integrate information about nuclear 
energy into school curricula at both state and central levels. This can help educate students 
from a young age about the benefits and safety of nuclear power, fostering a more informed 
and open-minded future generation. Additionally, hosting district-level meetings and 
community forums is crucial for directly addressing public concerns and dispelling 
misconceptions about nuclear energy. These meetings should be designed to provide clear, 
accurate information and offer a platform for residents to ask questions and express their views. 
Efforts should also include the development of transparent communication techniques and risk 
communication tools that simplify complex information. This approach helps convey the 
importance of having a nuclear power plant in the vicinity and addresses potential concerns 
about safety and environmental impact. By using accessible language and visual aids, public 
outreach can demystify nuclear energy and highlight its benefits, such as its role in reducing 
carbon emissions and ensuring a reliable energy supply. 

Conclusion 

In summary, nuclear energy is poised to be a crucial component of India's clean energy 
transition. To fully realize its potential, it is essential to provide robust support across technical, 
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economic, legislative, social, regulatory, and policy dimensions. This special issue on "Nuclear 
Energy for Sustainable Development and Environmental Management" aims to offer valuable 
insights and timely information on these aspects. It will guide policymakers, technocrats, 
researchers, and students in developing a thorough understanding of why nuclear energy and 
its varied applications is vital for India’s future energy landscape. 
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Global warming and climate change are the central point of scientific discussion and research 
around the world in 21st Century, the endeavor to alleviate the adverse impacts. The looming 
crisis of rising of global mean surface temperature by 1.5 oC and/or 2 oC over and above the 
pre-industrial level compelled the international community to execute the Paris Agreement in 
2015. This is an agreement negotiated by 196 countries emphasizing the exigency to reduce 
the emission intensity of greenhouse gases and adopt measures to mitigate the adverse effect 
on the ecosystem. Extreme temperatures; more intense and frequent storms, droughts & floods; 
ocean acidifications; warmer ocean; loss of biodiversity; disruption of crops and increased 
health risks are reported across the regions which reflects the adverse effects of global warming 
and climate change. Intensity, frequency and scale of these man-made risks are going to follow 
an upward trend till the reduction of emissions of greenhouse gases to limit the anticipated 
temperature rise [1].  
 
India, in the Asian region, is particularly vulnerable to the impacts of global warming climate 
change, as the region has the longer coastline, incredibly diverse and often unique marine 
environments, many large coastal population centres (mega-cities) and already suffers from 
frequent storms and floods when compared to other regions in the world. Growth in trade in 
fisheries resources, expansion of aquaculture production, mining and agriculture all these 
activities have impacted on the health and sustainability of coastal resource.  
 
Our climate depends on the Earth's temperature. Due to rapidly increasing concentrations of 
carbon dioxide (CO2) and other greenhouse gases in the atmosphere, the temperature of the 
planet is rising quickly compared with relatively stable temperatures throughout the past 
millennium. Atmospheric carbon dioxide concentrations remained relatively constant at around 
280 parts per million (ppm) for at least a thousand years, but concentrations have risen since 
the mid-1700s, presently reaching around 421 ppm as on 2022.  The increasing use of fossil 
fuels for energy generation and transport purposes means carbon dioxide is the most critical 
greenhouse gas. Although India's carbon dioxide emissions increased by a whopping 5.-9 
percent in post-COVID phase, with those from coal growing 10.2 percent.  

Dr. S K Jha 
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Fig.1. Global greenhouse gases emission quantity (billion tonnes of CO2 equivalent) 

 
Anthropogenic sources of carbon dioxide, methane and nitrous oxide are the predominant 
components of greenhouse gases which is responsible for global warming and climate change. 
From the Fig.1, it may be observed that globally carbon dioxide in the range of 30 – 40 billion 
tonnes while 8- 10 and 2 – 3 billion tonnes equivalent to CO2 of methane and nitrous oxide 
emitted per year [2]. The corresponding percentage contribution observed to be around 75%, 
20% and 5% w.r.t. CO2, CH4 and NO2, respectively. Therefore, globally the prime focus on 
carbon dioxide and efforts to reduce the emission intensity of it. However, it is pertinent to 
underscore here the global warming potential (GWP) of different greenhouses gases 
considering the radiative efficiency and atmospheric lifetime. Though the emission quantity of 
methane and nitrous oxide is much lesser than that of carbon dioxide but the global warming 
potential of both these gases is 21 and 310, respectively [3].  
 
In addition to this context, multiple anthropogenic sources like electricity & heat, transport, 
manufacturing & construction, agriculture, industry, energy production, etc. contribute to the 
global emission of carbon dioxide. The percentage contribution of various anthropogenic 
sources is given in Fig. 3 and clearly shows that 70% of global carbon dioxide emission is 
shared by four sources [2]. Global atmospheric average carbon dioxide concentration in the 
last century is depicted in Fig. 4 [2]. It is, therefore, efforts made globally to reduce the carbon 
dioxide emission intensity of these sources fueled by fossil fuels. Nuclear energy and 
renewable energy sources are best possible options to meet the net carbon zero.  
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Fig.2. Percentage contribution of global greenhouse gases emissions  

 

 
Fig.3. Percentage contribution of different sources to Global GHG emission 

 
Emblematic of India's electricity transition is its national target of achieving 500GW of non-
fossil electricity capacity by 2030 and its global commitment to achieve net-zero by 2070. 
However, a focus on energy capacity and emissions only captures a part of India's transition 
story. Apart from a shift from fossil-based to clean power generation, India is experiencing 
multiple simultaneous transitions, such as: a shift from public to private control over energy 
infrastructure; growing per capita energy demand; expanding domestic power markets; and 
transitions in coupled sectors such as transport and industry. Therefore, solar power, wind 
power, clean and green nuclear energy, biopower and hydrogen fuel are the contenders of future 
energy need of the country. However, reliable and low-cost nuclear power has multiple 
advantages over other energy sources like constant base load power, concentrated, small land 
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foot print, climate compatible, non-dependent on weather, higher capacity factor, etc.. Like 
global trend, nuclear energy is very much part of the energy mix and considered sincerely to 
enhance the national contribution to reduce emission of greenhouse gases. Similarly, India has 
a national policy to enhance installed nuclear capacity to 100 GWe by 2047 from current less 
than 10 GWe [4].  

 
Fig.4. Global atmospheric average CO2 concentration (ppm) in last century  
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Abstract: Lead free perovskite materials have the capability to be used in various multifunctional 
applications. In this regard, dielectric and light absorption properties of Sm modified Ba0.8-

xSmxSr0.2TiO3 have been explored. The dielectric constant has been estimated to be 2788 for 
Ba0.77Sm0.03Sr0.2TiO3. The optical band gap of all prepared samples has been evaluated by 
employing Tauc plot method and observed that the band gap varies 3.13-2.97 eV with the increase 
in Sm concentration. In brief, the present study reports the physical properties of Ba0.8-

xSmxSr0.2TiO3 ceramics which open window for possible use of it as lead-free optoelectronic 
material. 
 
Keywords: Perovskite materials, Dielectric constant, Optoelectronic, Band gap 
 

1. Introduction: Recently, the importance of 
the lead-free perovskite materials in the 
electronic industries has gained significant 
attention because of their rapid development in 
various technologies such as sensor, light 
emitting diode, dielectric capacitors as well as 
commitment to environment protection [1,2]. 
These materials can also enhance/change their 
physical properties when expose to light and 
considered as a potential candidate to be used 
in photovoltaic devices. So researchers are 
very much interested to understand the light 
matter interaction and investigate its various 
applications such as photodetector, 
photovoltaic devices, etc. [3-5]. Among all 
lead-free perovskite materials, Barium titanate 
(BaTiO3) has earned so much attention of 
researchers due to its excellent dielectric, 
ferroelectric, piezoelectric properties. BaTiO3 

belongs to ABO3 type structure, with Ba2+ and 
Ti4+ are placed at the A and B-site, 
respectively, within the octahedral co-
ordination of oxygen atoms, hence possesses 
unique ferroelectric properties [6]. Most 
importantly it also exhibits significant optical 

properties and become suitable to be utilized in 
different electro-optical system. 
Optoelectronic devices play an important role 
to produce various materials for advanced 
electronic equipment. For example, rare earth 
ions have an empty and entangled 4f electron 
structure which has capability to enhance 
various physical properties. Previously, Tihtih. 
M et. al. reported that rare earth modified BTO 
system can improve the materials optical 
properties and expand its potentiality in 
different technological applications [7]. Also, 
by the addition of lower ionic radii element, 
such as Sr2+ at A site of BTO system stabilizes 
the perovskite structure and noticeably 
enhance the dielectric constant [8]. Hence, 
Ba0.8Sr0.2TiO3 (BSTO) is the one of the most 
important member of the BaTiO3 family which 
has achieved a lot of attention from the 
researchers due to its high dielectric constant 
with diffuse phase transition behaviour [8]. 
With the increase in Sr2+ in BaTiO3 the relaxor 
behaviour of BSTO increases and it exhibits 
better relaxor ferroelectric when the 
concentration of Sr2+ is 20% as compared to 

©2024 Vigyanvardhan Blessed Foundation 
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other compositions [8]. That’s why BSTO has 
been chosen to be substitute rare earth element 
at Ba site. The introduction of rare earth 
elements (Re3+) at the Ba site of BSTO can 
significantly enhanced the physical properties 
of the modified BSTO by inducing structural 
deformation of octahedra as well as modifies 
the lattice symmetry [9]. Basically, the ionic 
radius of the rare earth element (trivalent 
element) varies between 0.8 and 1.13 Å which 
are suitable to be placed at the Ba2+ site of the 
ABO3 structure. So it is the most crucial work 
to choose the perfect rare earth element which 
can produce better dielectric constant with low 
dielectric loss as well as induced low optical 
band gap of modified BTO system [10]. It has 
been observed that the dielectric constant, 
transition temperature and electrical resistance 
can be controlled strongly by the proper 
addition of doner impurity ions at the A site of 
BTO [11]. Thakur and their group observed 
that by the substitution of Sm3+ at the Ba2+ site 
can enhance the dielectric constant at room 
temperature [12]. The microstructure and 
dielectric properties of rare earth (Sm, Ho, 
Yb), modified BaTiO3 has been investigated 
by Jo et. al. and they concluded that the unit 
cell volume of rare earth doped BTO plays an 
important role in the regulation of Curie 
temperature [13]. In this context the Sm3+ 
substituted Ba0.8-xSmxSr0.2TiO3 were prepared 
and their crystal structure, temperature 
dependent dielectric and electrocaloric 
properties were reported by the present authors 
[14]. However, the frequency dependent 
dielectric constant is important to explore for 
the technological application. As well as these 
materials are very promising for the 
optoelectronic application as their optical band 
gap is around 3 eV. Hence, in this article the 
frequency dependent dielectric constant and 
band gap engineering by Sm substitution in 
BSTO have been explored. The present article 
will guide the researcher for further 
modification of band gap of BTO for its 
technological applications. 

2. Experimental details: Polycrystalline 
ceramics Ba0.8-xSm0xSr0.20TiO3 (x = 0.01 ≤
𝑥 ≤ 0.05) were prepared by employing the 

conventional high temperature solid-state 
reaction method. Previously, the sample 
preparation method, characterization, 
temperature dependent dielctric, ferroelectric 
and electrocaloric effect properties are 
reported elaborately in the author’s previous 
publication [14]. For the present study, the 
N4L impedance analyser has been used to 
measure the room temperature complex 
impedance spectroscopy within the frequency 
range 1Hz-1MHz. The UV visible Shimadzu 
UV-2600 spectrophotometer (Japan) has been 
employed to record the diffuse reflectance 
spectra for exploring the optical properties of 
all the prepared samples. 

3.Results and discussion 
  
3.1 Crystal structure and structural 
properties: The XRD patterns of 
Polycrystalline ceramics Ba0.8-xSmxSr0.2TiO3 
(x = 0.01,0.02,0.03,0.04 and 0.05) as 
previously reported confirm that all the sample 
have good crystallinity without any impurity 
[14]. All samples are belonging to tetragonal 
symmetry with P4mm space group.  Also all 
sintered pellets are exhibited a dense and 
compact surface morphology which is an 
important factor in the improvement of 
different physical properties. The temperature 
dependent dielectric properties, ferroelectric 
and electrocaloric properties are reported as 
discussed in the introduction [14]. However, in 
this article, the frequency dependent dielectric 
constant and optical band gap properties are 
discussed. 
 
3.2.Dielectric Properties  
3.2.1.Dielectric constant: Room temperature 
dielectric constant as function of frequency of 
Ba0.8-xSmxSr0.2TiO3 (x = 0.01, 0.02, 0.03, 0.04, 
and 0.05) are represented in the Figure 1(a). 
Basically, the dielectric constant of a ceramic 
involves different types of polarization such as 
ionic, dipolar, electronic, and interfacial. 
Depending upon the relaxation time, their  
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Figure-1: Room temperature frequency 
variation (a) dielectric constant, (b) 
tanloss,  (c) real and (d) imaginary part of 
impedance, (e) Cole – Cole plots of Ba0.8-

xSmxSr0.2TiO3(x = 0.01, 0.02, 0.3, 0.04 and 
0.05) compounds. 

 
contribution varies from lower frequency to 
higher frequency. It is clearly noticed from the 
Figure 1(a) that there is the reduction of 
dielectric constant value with the increase in 
frequency but at higher frequency it becomes 
constant. Hence it is concluded that all the 
prepared samples possess dielectric dispersion 
behaviour. This dispersion behaviour can be 
clearly understood by employing Maxwell 
Wagner model along with the Koops 
phenomenological theory [15]. 
 
 Basically, at lower frequency, there is 
the accumulation of charges at the grain 
boundary along the applied field, produce 
large polarization and enhance the value of 
dielectric constant. But at higher frequency, 
the molecular dipoles are not able to orient 
along the direction of applied field, hence the 
probability of dipoles to be reached at the grain 
boundary is less, so it produces low 
polarization as well as low dielectric constant. 
The maximum dielectric constant is estimated 
to be 2788 for Ba0.77Sm0.03Sr0.2TiO3 ceramic. 
Also, this dielectric constant value increases 
with the Sm3+ concentration up to x = 0.03, 
after that it diminishes. The c/a ratio i.e. 
tetragonality is mainly responsible for this 
behaviour. With the increase in Sm3+ 
concentration the tetragonality behaviour of 
the sample increases up to x = 0.03 which 
enhances spontaneous polarization as well as 

101 102 103 104 105 106
0.0

0.5

1.0

1.5

2.0

2.5

3.0

 

 

D
ie

le
ct

ri
c

 C
o

n
st

a
n

t 
( 
1

0
3 )

Frequency (Hz)

 x = 0.01
 x = 0.02
 x = 0.03
 x = 0.04
 x = 0.05

(a)

101 102 103 104 105 106
-0.2

0.0

0.2

0.4

0.6

0.8

 

 

 x = 0.01
 x = 0.02
 x = 0.03
 x = 0.04
 x = 0.05

D
ie

le
ct

ri
c 

lo
ss

 (
ta

n
 )

Frequency (Hz)

(b)

101 102 103 104 105 106 107

0

10

20

30

40

50

60
 x = 0.01
 x = 0.02
 x = 0.03
 x = 0.04
 x = 0.05

 

 

Z
' (

M


)

Frequency (Hz)

(c)

101 102 103 104 105 106

0

10

20

30

40

50

60

70
 x = 0.01
 x = 0.02
 x = 0.03
 x = 0.04
 x = 0.05

 

 

Z
'' 

(M


)

Frequency (Hz)

(d)

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0

4

8

12

16 (e)

 

 

 x = 0.01
 x = 0.02
 x = 0.03
 x = 0.04
 x = 0.05

Z
'' 

(M


)

Z' (M)



Current Natural Sciences & Engineering 1 (5), 2024 
 

378 
 

the dielectric constant value increases [14]. 
But when the concentration value is more than 
0.03, there might be production of oxygen 
vacancies because of the replacement of Sm3+ 
at Ba2+ site. These oxygen vacancies can 
oppose the orientation of dipoles and inhibits 
the increase of dielectric constant, when the 
concentration of Sm3+ is more than x = 0.03. 
 
3.2.2. Dielectric loss: Dielectric loss as a 
function of frequency of all the prepared 
samples is shown in Figure 1(b). It decreases 
with increase in frequency and at higher 
frequency range, dielectric loss become 
constant, which can also be understood by 
Maxwell Wagner model [14]. The Maxwell 
Wagner model describes that a dielectric 
material made up of a semiconducting grain 
enclosed by highly insulating grain boundary. 
At low frequency, insulating grain boundaries 
are active, so accumulation of charge carriers 
increases. Hence more energy is required to 
transport the charge carriers through the grain 
boundary and produce high dielectric loss. But 
at high frequency, semiconducting grains are 
more active so charge carriers can easily pass 
through the grain without loss of more energy 
and produce low dielectric loss. Hence, this 
characterization indicates the lossless 
behaviour of the prepared sample and depict 
that these samples have the capability to be 
used in the devices which are operated at high 
frequency.  
 
3.2.3. Complex Impedance spectroscopy: 
The real (𝑍ᇱ) and imaginary (𝑍ᇱᇱ) part of ac 
impedance as a function of frequency for all 
the prepared samples Ba0.8-

xSmxSr0.2TiO3(0.01 ≤ 𝑥 ≤ 0.05) are represented 
in Figures 1(c) and 1(d). Figure 1(c) confirmed 
that Real (𝑍ᇱ) part of impedance decreases 
with the increase in frequency and become 
frequency independent at higher frequency. At 
low frequency, all types of polarizations are 
contributed towards total impedance hence the 
value of 𝑍ᇱ is high. The imaginary (𝑍ᇱᇱ) part of 
ac impedance is also exhibit similar types of 
behaviour. The dielectric properties of ceramic 
materials over a broad range of frequency can 
be understood properly by Complex 

Impedance Spectroscopy (CIS) technique.  
Figure 1(e) represents the Cole-Cole plot of all 
the samples. The total impedance is the 
contribution of grain, grain boundary, and 
electrodes. Figure1(e) represents a semicircle 
arc bend towards the X axis, which confirm 
that the contribution of grain is dominated over 
the grain boundary and electrodes. 
 
3.3. Optical Properties: The optical 
properties of Ba0.8-xSmxSr0.2TiO3 (x = 0.01, 
0.02, 0.03, 0.04, and 0.05) have been discussed 
by using UV visible spectrometer in the range 
of (200 – 1000) nm as represented in the Figure 
2.  
The optical band gap energy (Eg) has been 
estimated by employing the Kubelka and 
Munk function. The KM function [𝐹(𝑅ஶ)] is 
[15]: 

𝐹(𝑅ஶ) =  
(ଵିோಮ)మ

ଶோಮ
=

ఈ

௦
        (1) 

Where, 𝛼, 𝑅ஶ, and s denote absorbance 
coefficient, the reflectance of the ceramics, 
and scattering coefficient, respectively.  
So, the KM function is influence by the 
absorption spectrum. The absorption 
coefficient (𝛼) as a function of energy can be 
represented as [15]; 

𝛼 ∝ ൤
൫௛ఔିா೒൯

೙

௛ఔ
൨            (2) 

The Tauc’s method has been used to calculate 
the optical band gap of prepared ceramics, 

𝛼ℎ𝜈 = 𝐴൫ℎ𝜈 − 𝐸௚൯
௡

   (3) 

 

200 400 600 800 1000

0

20

40

60

80

100

1.5 2.0 2.5 3.0

(a) x = 0.01

 

 

(
h
 )

2

h

(a) x = 0.01

 

 

R
ef

le
ct

an
ce

 (
ar

b
. u

n
it

s)

Wavelength (nm)



Current Natural Sciences & Engineering 1 (5), 2024 
 

379 
 

 

 

 

 

Figure 2: UV visible diffuse reflectance 
spectra and Tauc plots (inset in the Figure) of 
Ba0.8-xSmxSr0.2TiO3 for (a) x = 0.01,(b )x = 0.02, 
(c) x = 0.03, (d) x = 0.04, and (e) x = 0.05. 

 

Here, A, h𝜈, 𝐸௚ , 𝑛 𝑎𝑛𝑑  𝛼 represent a 
constant, photon energy, optical band gap, a 

constant related to different types of electronic 
transition and absorbance, respectively. The 
value of n is different for different types of 
transition such as n = ½, 2, 3/2, and 3 for direct 
allowed transition, indirect allowed transition, 
directly forbidden, and indirect forbidden, 
respectively. 

Here, Ba0.8-xSmxSr0.2TiO3 is considered 
as direct band gap. Hence, (𝛼ℎ𝜈)ଶ vs. ℎ𝜈 have 
been plotted and shown in the Figure 2 (inset 
figure). The optical band gap has been 
estimated by extrapolating the tangent of the 
curves that intersects the ℎ𝜈-axis directly and 
gives the optical band gap of the samples. The 
obtained band gaps are 3.13, 3.12, 3.03, 2.99 
and 2.97 eV for x = 0.01, 0.02 0.03, 0.04, and 
0.05, respectively. One can noticed that the 
optical energy gap decreases with the Sm3+ 
concentration, this is due to the structural 
disorder induced in the lattice because of the 
formation of A-site vacancies and distortions 
in the octahedral clusters (TiO6). This A-site 
vacancy creates shallow defects in the band 
gap of BSTO and decreases its value. So with 
increase in Sm3+ concentration, the A-site 
vacancies increase as well as increases the 
shallow defects and distortion in TiO6 
octahedron [16]. Hence optical band gap 
decreases with further increase in Sm3+ 
concentration. Overall, the formation of 
shallow defects is the reason behind the optical 
characteristics of Ba0.8-xSr0.2SmxTiO3. 

4. Conclusion: Incorporation of Sm3+ plays an 
important role in the reduction of dielectric 
constant in BSTO. The highest dielectric 
constant value is found to 2788 for 
Ba0.77Sm0.03Sr0.2TiO3. The estimated optical 
band gap of Sm3+ modified BSTO is varies 
between (3.13-2.97) eV. This is basically 
because of the new electronic levels in the 
BSTO band gap due to the Sm3+addition to its 
lattice site. These electronic levels modify the 
conduction band and make a continuous band 
by lowering the band gap. Overall, the above 
discussion indicates that the Sm3+ substituted 
BSTO has the potential to be used in different 
applications mainly in optoelectronic devices. 
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Abstract: �&�D�U�E�R�Q�D�F�H�R�X�V���P�D�W�H�U�L�D�O�V���R�I���W�Z�R���G�L�I�I�H�U�H�Q�W���W�\�S�H�V�����Y�L�]�����V�S�K�H�U�L�F�D�O���Q�D�Q�R���F�D�U�E�R�Q���E�O�D�F�N�����1�&�%����
�S�R�Z�G�H�U�� ���%�U�X�Q�D�X�H�U���(�P�P�H�W�W���7�H�O�O�H�U�� ���%�(�7���� �V�X�U�I�D�F�H�� �D�U�H�D�� �a���������� �P�����J���� �D�Q�G�� �P�X�O�W�L�Z�D�O�O�H�G�� �F�D�U�E�R�Q��
�Q�D�Q�R�W�X�E�H�����0�:�&�1�7�������%�(�7���V�X�U�I�D�F�H���D�U�H�D���a�������P�����J�������K�D�Y�H���E�H�H�Q���L�P�S�U�H�J�Q�D�W�H�G���L�Q���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H��
�Y�X�O�F�D�Q�L�]�H�G�� ���5�7�9���� �V�L�O�L�F�R�Q�� �U�X�E�E�H�U�� �P�D�W�U�L�[�� �W�R�� �V�W�X�G�\�� �W�K�H�� �H�I�I�H�F�W�� �R�I�� �J�H�R�P�H�W�U�L�H�V�� �R�I�� �I�L�O�O�H�U�� �S�D�U�W�L�F�O�H�V�� �R�Q��
�P�L�F�U�R�Z�D�Y�H���D�E�V�R�U�S�W�L�R�Q���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����R�Y�H�U���;���E�D�Q�G���I�U�H�T�X�H�Q�F�L�H�V�������������������������*�+�]�������7�K�H���U�X�E�E�H�U���E�D�V�H�G��
�F�R�P�S�R�V�L�W�H�V�� �D�U�H�� �S�U�H�S�D�U�H�G�� �E�\�� �G�L�V�S�H�U�V�L�R�Q�� �R�I�� �1�&�%�� �D�Q�G�� �0�:�&�1�7�� �I�L�O�O�H�U�V�� �L�Q�� �W�K�H�� �O�L�T�X�L�G�� �U�X�E�E�H�U�� �Z�L�W�K��
�O�R�D�G�L�Q�J�� �I�U�D�F�W�L�R�Q�V�� �U�D�Q�J�L�Q�J�� �I�U�R�P�� ���������������� �Z�W���� �D�Q�G�� ���������������� �Z�W������ �U�H�V�S�H�F�W�L�Y�H�O�\���� �7�K�H�� �G�L�H�O�H�F�W�U�L�F�� �O�R�V�V��
�W�D�Q�J�H�Q�W�� ���W�D�Q�/�H�� �S�U�R�I�L�O�H�V�� �Z�H�U�H�� �H�Y�D�O�X�D�W�H�G�� �I�R�U�� �W�K�H�� �I�L�O�O�H�U���O�R�D�G�H�G�� �U�X�E�E�H�U�� �F�R�P�S�R�V�L�W�H�V�� �D�W�� �G�L�I�I�H�U�H�Q�W��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���� �7�K�H�� �F�D�O�F�X�O�D�W�H�G�� �5�H�I�O�H�F�W�L�R�Q�� �O�R�V�V�� ���5�/���� �S�U�R�I�L�O�H�V�� �V�X�J�J�H�V�W�� �W�K�D�W�� �1�&�%���E�D�V�H�G�� �U�X�E�E�H�U��
�S�U�R�Y�L�G�H�V�� �P�D�[�L�P�X�P�� �5�/�� �Y�D�O�X�H���� ���5�/���P�D�[�� �a�� �������� �G�%�� �������������� ���� �D�E�V�R�U�S�W�L�R�Q������ �D�W�� �D�� �O�R�Z�H�U�� �I�L�O�O�H�U��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� �������� �Z�W������ �D�V�� �F�R�P�S�D�U�H�G�� �W�R�� �0�:�&�1�7���� �+�R�Z�H�Y�H�U���� �W�K�H�� �0�:�&�1�7���E�D�V�H�G�� �U�X�E�E�H�U��
�F�R�P�S�R�V�L�W�H�� �V�K�R�Z�V�� �H�Q�K�D�Q�F�H�G�� ���5�/���P�L�Q�� �Y�D�O�X�H�V�� �R�I�� �a�� �������� �G�%�� ���a�������������� �D�E�V�R�U�S�W�L�R�Q���� �G�X�H�� �W�R�� �P�X�O�W�L�S�O�H��
�V�F�D�W�W�H�U�L�Q�J���S�K�H�Q�R�P�H�Q�D�����7�K�H���L�G�H�Q�W�L�I�L�H�G���1�&�%���D�Q�G���0�:�&�1�7���E�D�V�H�G���U�X�E�E�H�U���E�D�V�H�G���0�:���D�E�V�R�U�E�H�U�V���K�D�Y�H��
�S�R�W�H�Q�W�L�D�O���V�W�H�D�O�W�K���D�S�S�O�L�F�D�W�L�R�Q�V���I�R�U���P�L�O�L�W�D�U�\���D�H�U�L�D�O���Y�H�K�L�F�O�H�V��������

Keywords:���6�W�H�D�O�W�K�����'�&���F�R�Q�G�X�F�W�L�Y�L�W�\�����U�X�E�E�H�U���F�R�P�S�R�V�L�W�H�V�����O�R�V�V���W�D�Q�J�H�Q�W�����U�H�I�O�H�F�W�L�R�Q���O�R�V�V��
 
1. Introduction: �:�L�W�K���W�K�H���H�V�F�D�O�D�W�L�Q�J���S�U�R�J�U�H�V�V��
�L�Q���0�L�F�U�R�Z�D�Y�H�����0�:�����5�D�G�D�U���W�H�F�K�Q�R�O�R�J�\���G�X�U�L�Q�J��
�W�K�H���O�D�V�W���I�H�Z���G�H�F�D�G�H�V�����V�H�U�L�R�X�V���F�R�Q�F�H�U�Q�V���D�U�H���D�O�V�R��
�H�P�H�U�J�L�Q�J���L�Q���V�R�F�L�H�W�\���� �Y�L�]������ �W�K�H���X�Q�N�L�Q�G���H�I�I�H�F�W���R�I��
�0�:�� �U�D�G�L�D�W�L�R�Q�� �R�Q�� �K�X�P�D�Q�� �K�H�D�O�W�K���� �G�H�W�H�F�W�L�R�Q�� �R�I��
�I�L�J�K�W�H�U�� �D�L�U�F�U�D�I�W�� �E�\�� �H�Q�H�P�\�� �5�D�G�D�U�V�� �G�X�U�L�Q�J��
�Z�D�U�W�L�P�H�� �R�S�H�U�D�W�L�R�Q�V���� �F�R�P�P�X�Q�L�F�D�W�L�R�Q�D�O��
�L�Q�W�H�U�I�H�U�H�Q�F�H�V���F�O�X�W�W�H�U�V�� �D�P�R�Q�J�� �0�:��
�L�Q�V�W�U�X�P�H�Q�W�D�W�L�R�Q�V���� �H�W�F������ �>���@�±�>���@���� �7�K�H�U�H�I�R�U�H���� �W�K�H��
�G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �0�L�F�U�R�Z�D�Y�H�� �$�E�V�R�U�E�L�Q�J��
�0�D�W�H�U�L�D�O�V�� ���0�$�0�V���� �D�Q�G�� �W�K�H�L�U�� �S�U�R�G�X�F�W�V�� �L�Q�� �W�K�H��
�I�R�U�P�V�� �R�I�� �V�K�H�H�W�V���F�R�D�W�L�Q�J�V���V�W�U�X�F�W�X�U�H�V�� �K�D�Y�L�Q�J��
�G�H�V�L�U�H�G�� �S�U�R�S�H�U�W�L�H�V�� �S�L�F�N�H�G�� �X�S�� �W�K�H�� �L�Q�W�H�U�H�V�W�� �R�I��
�V�F�L�H�Q�W�L�I�L�F���F�R�P�P�X�Q�L�W�\���W�R���V�X�L�W���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V����
�7�K�H�� �H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F�� �S�D�U�D�P�H�W�H�U�V�� �R�I�� �W�K�H�V�H��
�P�D�W�H�U�L�D�O�V�����Y�L�]�����F�R�P�S�O�H�[���S�H�U�P�L�W�W�L�Y�L�W�\�����0�
� �0�¶���M�0�´������
�F�R�P�S�O�H�[�� �S�H�U�P�H�D�E�L�O�L�W�\�� ���—�
� �—�¶���M�—�´������ �D�Q�G��
�F�R�Q�G�X�F�W�L�Y�L�W�\�� ���1���� �S�O�D�\�� �D�� �F�U�L�W�L�F�D�O�� �U�R�O�H�� �L�Q��
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