®

Check for
updates

Chapter 16
Sustainable Energy Usage in Urban
and Rural Context-A Study

Sonali Vyas, Shaurya Gupta, and Vinod Kumar Shukla

Abstract Resourceful energy ingestion remains as the critical factor in terms of
attainment of goals which are subjugated to sustainable enlargement besides actions
which are directly associated directly with the conditions for a better atmosphere or
surrounding. When considering the energy ingestion and its abstraction from varied
sources, the scientists in addition to its innumerable commerce and industrialized
use besides home user are considering innovative besides optimum clarifications for
the purpose of upsurge efficiency and lessening the damaging after effects in terms
of ingestion. All the emerging or emergent nations need to augment their renewable
energy for future prospects. Effective usage of renewable sources has transformed
the comprehensive policy of using fossil or coal energy to ecological renewable
energy. Internet of Energy is becoming a crucial part of Internet of Things (IoT) by
inculcating newer approaches with the help of adopting diverse atmospheres for
energy consumptions as the energy in sensors are thereby constructing smart envi-
ronments. With these kinds of sensor-based technologies, even the user behavior is
also predicted as well as their behavioral outlines in terms of energy ingestion are
acknowledged. However, there are many challenges like environmental changes use
of information network, augmented energy expenses plus technological develop-
ment. Assessment in terms of sustainable development challenges besides probable
green development approaches will give feasible solutions, which are practically
achievable in terms of implementation. Sustainable development significance valu-
ation for urban metropolis will be an everlasting field in terms of development for
researchers’ and scientists and apparently, it is quite significant when considering
the final conciliation during the enactment with administrators of city-scale
expansion.
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Abbreviations

IoT Internet of Things

IT Information Technology

EACS  Energy Administration Controller System
IoE Internet of Energy

CO, Carbon di-oxide

16.1 Introduction

There are three mainstays when sustainable development is concerned and it is
exemplified by manifold monetary, societal besides ecological objectives.
Prioritizing amongst manifold objectives is always context and path dependent.
Preceding approach and development which is centered on evidence-based research
[1, 2] and has established the fact that the comparative prioritizing the goals relies
on the comparative accomplishments in terms of study with respect to time and it
may involve a municipal or region. Green development [3] addresses the goals in
business, which supports the economic growth or social oriented growth objective.
Little carbon emission can be taken in to consideration whenever green revolution
is talked about as it includes the carbon release constituents, which directly affects
the conservational concerns. While the considering the case of low carbon emission
[4] it become quite important to classify its association with superior objective of
sustainable development including the right approach in handling the evolutionary
part in future prospects. While considering the database of a metropolis sector wise
it gives a clear picture as in terms of a potential investment for green energy infra-
structure, which again depends on overall competent expertise or technological
deployment. Existing challenges in energy management act as a hindrance in
achieving the optimal usage besides generation of energy in the most efficient and
optimal way. Countryside or rural progress is also quite important in terms of com-
mercial, societal besides ecological expansion of any state. There are varied poten-
tials while considering the case in generation of sustainable income with the help of
efficient and effective usage of accessible resources in a rural scenario. Technology-
centered modernizations for accompanying income influence active rural participa-
tions along with keeping the environment in check. However, Internet of Things is
making a momentous involvement regarding the expansion when considering the
case of economic, societal besides environmental factors. Sustainability develop-
ment in any field faces many technical, environmental and social challenges gener-
ally in the emerging countries. However, any low-cost technological implementation
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will be the finest situation in achieving sustainable development objectives.
According to the United Nations, the rural population of India is 3.4 billion as of
2014 [4]. The populace of India existing in countryside was around 83.3 Crore as of
2016 [5]. In India, roughly 70% of people are living in countryside. Rural progress
is indispensable when commercial, communal, and ecological progress of a nation
is thought of. Rural advancement is achievable by the infrastructure development
for social growth [6]. Quality of lifespan, occupation, well- being, cleanness, besides
societal situation principally rests on nontoxic consumption of water besides effi-
cient sanitation. Many have not comprehended the essential social and civil rights in
case of social expansion [7]. However, there are numerous concerns while consider-
ing rural expansion at large [8]. While considering the current situation, government
is providing adequate resources for countryside expansion, still many milestones
are yet to be achieved. Most of the rural regions are very far from the urban bound-
aries and lacking in various facilities like transport and conveyance facility. It is
because of these sorts of situation the individuals from rural background found it
very difficult in selling their products or goods in market. Apart from that, they face
emergency at times associated with their health, besides access to primary educa-
tion for their wards. Current literateness rate for the age group of over seven and
beyond in India in 2011 census was 82.14% for males plus 65.46% for females [9].
Edification plays an indispensable aspect in overall progress, which sturdily affects
an entity’s revenue generation possibility. Even joblessness stands as one of the
major issues in rural or countryside India and because of this numerous people in
their youth wander themselves to urban areas [10]. Fiscal aspects plus absences or
lack of income generating chances in rural segment, nonexistence of existing
arrangement causes serious migration of people to urban areas. Societal aspects
comprise of healthiness, edification, besides finance, which too are noteworthy rea-
sons for migration to urban or metropolis regions [10]. Digital commerce has
changed the archetype from outmoded commerce to contemporary commerce by a
large difference. Benefits and shortcomings of digital commerce plus digitization
procedures are now a prime concern when considering edification, establishments
besides corporations. Such digitized universal tools and sustainable green technolo-
gies assist executives in implementing their concepts in real. By innovative meth-
ods, they can estimate the future of their organization, market and life to transform
it to a sustainable smart green life, towns and structures. Energy segment supports
the financial prudence besides contributing straight away to quality of life, which is
very important in terms of accomplishing sustainability. Currently, the mainstream
energy possessions are derivative of fossil fuels like oil, coal thereby leading to
ongoing reduction of energy possessions and developing of hostile conservational
effects. Expansion besides disposition of uncontaminated, renewable energy is
imperious while considering the monetary besides ecological awareness for any
republic. Renewable energy plays a key role in fulfilling forthcoming energy essen-
tials. Decisive objective lies in all the research work plus determinations put in for
reducing energy ingesting while takin in account the wellbeing of customers keep-
ing a tab on natural resources to move towards sustainable development besides
conservational protection. Contemporary Internet expertise forms a dynamic
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network of energy, which helps in interconnecting of device and information
exchange amongst them. Renewable energy for instance solar, wind, water, and
biomass play a quite important role in sustainable development. As authors we have
tried to focus on extensive conversation regarding the following points:

e The varied domain of sustainability i.e. Environmental, Social and Economical
are being discussed which are quite necessary for sustainable development. The
novel development must be feasible for the environment (eco-friendly), society
and must be affordable by a large part of the population.

* The resources of sustainable energy are limited and it should be used wisely in
terms of implementation to achieve a wider reach. Therefore, planning of sus-
tainable energy resources is very crucial.

e It deliberates the association amongst Internet of Energy sources like smart
power grid and their storage, generation apart from their users, i.e. smart meters,
smart vehicles.

e There are many challenges, which needs to be addressed whilst, the efficient and
effective management and usage of energy. The meeting of ISO standards, CO2
emission are some of the challenges in effective and efficient energy management.

Section 16.2 deliberates literature review regarding sustainability, Sect. 16.3 dis-
courses varied criteria in energy planning for sustainable development, Sect. 16.4
showcases energy management in a metropolitan context, whereas Sect. 16.5 briefs
about challenges in energy management in terms of sustainability and lastly Sect.
16.6 concludes with conclusion and future scope.

16.2 Literature Review

The term sustainable development was primary cited in a report printed by WCED in
the year 1987. According to the report, the sustainable development is well- defined as
“development which is meeting the needs without negotiating the aptitude of forth-
coming age group in terms of meeting needs.” International Institute for Sustainable
Development [11] labelled the perception of requirement and restraint. Development
Education Program under World Bank Group clarifies as the perception of harmoniz-
ing amid societal, monetary besides atmosphere objectives [12, 13] although
Sustainable Development Commission stated as central of complementary transfor-
mation plus consciousness of essentials with three domains of sustainability [14].
Global Development exploration epicenter permits harmonizing social needs apart
from maintaining usual resources plus ecologies [15]. In the emerging world, IoT acts
as an important portion in attaining sturdier in addition to sustainable expansion. IoT
is achieving countless competence plus throughput improvements in industrial repub-
lics for the emergent ecosphere. The IoT has the marvelous chance for the social and
economic advancement; overlooking the potential for larger and more important
influence in emerging nations can be a huge mistake [16]. Emerging nations are per-
fect in terms of IoT revolution: the glitches observed by the emerging world can be
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varied and unknown areas to which IoT are quite applicable. Apart from it, [oT makes
an important influence to expansion in societal, ecological, takin cultural aspects also
in account [17]. In last few years, IoT projects are being rapidly accepted in the devel-
oping world, for the purpose of sustainability achievement. Taking an instance, IoT
applications are mounted for observing besides administration of energy, thereby
upgrading varied access to power consumption and accordingly optimizing it [18, 19].
While considering the health segment, IoT is involved in observing of cold chain for
vaccines, which needs implementation [20]. Water conservation stands as other seg-
ment which has immense prospects for IoT implementation, which focusses on
endowment of water in terms of sanitary plus agriculture, and they are being devel-
oped and implemented in countryside zones of emerging republics [20]. IoT has
implementation of disaster management situations in developing republics to handle
natural catastrophes [21] like sensing tremors, surge in tidal wave. For the emerging
republic, constraint in terms of resources leads to more economical solutions, which
are operative in an emerging republic framework. Table 16.1 discourses some of the
valuable research findings which are quite critical part of the literature review.

Sustainable growth planning necessitates settlement besides balancing associa-
tion amongst atmosphere, budget, plus humanity, which is showcased in Fig. 16.1.

The three purposes of sustainability are associated amongst themselves. For
accomplishing the optimum resolution, these three verticals are considered alto-
gether [22].

16.3 Criteria in Energy Planning
for Sustainable Development

Various procedures in three spheres of sustainability observes the presentation and
impact while considering growth in terms of energy reserve. Each process is taken
into account while keeping the energy reserve choice in mind. Righteous proce-
dures will continuously formulate as an important feature in terms of energy
resource, besides will remain as constant choice of selection [23]. Authors in [24]
designated comparable four main methods of sustainable development in energy
expansion, which including monetary, administrative and recyclable usages.
Capability, asset price, process and upkeep cost, CO, emanation, are amid inspira-
tions, being a part of energy planning process. The primary purpose of evaluating
dissimilar substitutions comprising in terms of selection of an expansion track con-
sidering an energy sector contributing to sustainable growth of a nation. Sustainable
expansion aspects were acknowledged because of matters catastrophe in energy
segment of any republic or nation, counting the economic vertical (investment needs
plus lack of local energy sources supplemented by a high prospective for green
energy fabrication), social (price directive besides necessities about energy secu-
rity), and conservational or ecological (environmental sustainability), as well as
technical (innovation in terms of energy system). The evaluation criteria for sustain-
able energy planning is being discussed in Table 16.2.
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Table 16.1 Summary of literature review
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Authors Title Findings
Drexhage, J., & Sustainable development: from It labeled the perception of
Murphy, D. [11] Brundtland to Rio 2012 requirements and restraints in

terms of sustainability

Kantartzis, A., &
Pollalis, S [12]

Sustainable Green Infrastructure
Planning in Greece: Proposal for an
Urban Greenway Network in the
Greater Athens Metropolitan Area

Clarified the perception of
societal apart from monetary
benefits of adapting to
sustainable development

Frappaolo, V [13]

Benefitting from Sustainable
Development

Elucidated the discernment of
societal apart from monetary
benefits of adapting to
sustainable development in
terms of energy

Hak, T., Janouskova, S.,
& Moldan [14]

Sustainable Development Goals: A
need for relevant indicators

Deliberated regarding three
domains of sustainability

Robert, K. W., Parris,
T. M., & Leiserowitz,
A. A[15]

What is sustainable development?
Goals, indicators, values, and
practice.

Discussed global development
exploration epicenter allowing
social needs and resource
management

Rahim, A. [16]

IoT and data analytics for
developing countries from research
to business transformation

Discussed IoT in collaboration
with resource management

Barro, P. A., Degila, J.,
Zennaro, M., & Wamba,
S.E [17]

Towards smart and sustainable
future cities based on Internet of
things for developing countries

Conversed IoT in association
with resource conservation

Garrity, J [18]

Harnessing the Internet of Things
for global development

Discussed regarding energy
optimization in case of energy
management

Ramanathan, T.,
Ramanathan, N.,
Mohanty, J., Rehman,
1. H., Graham, E. [19]

Wireless sensors linked to climate
financing for globally affordable
clean cooking. Nature Climate
Change

Conferred regarding energy
optimization in case of energy
controlling

Bloom, D. E., Black, S.,
Salisbury, D., &
Rappuoli, R [20]

Antimicrobial resistance and the
role of Vaccines. Proceedings of the
National Academy of Sciences

Deliberated regarding water
conservation with respect to [oT
device management

Zorn, M [21]

Natural disasters and less developed
countries. In Nature, tourism and
ethnicity as drivers of (de)
marginalization

Deliberated regarding sanitary
and agricultural concepts with
respect to IoT operation

Energy stands as the critical and prime factor while considering varied prospects
in terms of sustainable development. The rudimentary magnitudes of sustainability
in case of energy production are ecologically, theoretically, economically and publi-
cally sustainable sources of energy resources which is quite dependable, tolerable
besides reasonable in long term usage. Renewable, uncontaminated and cost opera-
tive sources of energy are always favored however regrettably none of the uncon-
ventional sources of energy are good enough in terms of meeting these loads
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Fig. 16.1 Sustainability
spheres. [22]

Table 16.2 Evaluation criteria for sustainable energy planning

Pointer Norms

Technical Energy fabrication capability
Technological development
Consistency
Safety

Economical Outlay cost

Operation and maintenance cost

Service life

Reimbursement epoch

Environmental Influence on ecology

CO, emanation

Social Communal assistances

Societal adequacy

exclusively. Therefore, while determining the sustainable energy planning any tool
which is strategic in nature can be considered for the overall development.

16.4 “‘Internet of Energy’’ Technology
for Energy Management

Energy managing organization comprises relentless watching of oil distribution
system, engendering elements, besides broadcast in addition to dissemination
arrangements. Therefore, it means that significant data is accessible to sub divi-
sions except the operation department. Information Technology protected Energy
Administration and Controller System (EACS), which signifies a withdrawal
from strategies factually, accompanying with energy administration systems. IT
helps in integrating in terms of forecasting, observing and regulating power
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Web centric
Remote

- Internct of

Control

Fig. 16.2 Internet of energy architecture [25]

procedure and administration considering energy allotment amongst additional
and dearth sections. The architecture of Internet of Energy is being showcased in
Fig. 16.2. Management of energy in reducing functioning charge, minimalizing
conservational impression besides upsurge in effectiveness is the prime goal.
Since energy never noticed as “core” constituent of commercial commotion, a
random tactic is charted. As and when the energy is supplied in small amount or
in cases if energy charges increase, energy management turn out to be a chief
emphasis. Operative managing of energy necessitates an administrative con-
struction that uplifts the prominence of energy within the commercial sphere and
defines the individuals, resources and planning to realize the anticipated output
[25]. A business should have propagated an idea for effectively addressing any
challenges. At times, plans must encounter constitutional requests and obey pro-
cedures very strictly, for instance like wellbeing plus safety, conservational
administration. Considering such concerns, and cumulative levelling up of legis-
lation and energy utilization, broadcasting techniques and the necessity of busi-
ness competence ensures that facilities administrators must recognize that energy
management requires comparable levels of possession plus accountability all
over the association i.e., from top to bottom. In totaling, peoples should compre-
hend their role-play in decreasing pointless energy usage. The approach besides
idea must need full sustenance at the official and operative level. The purpose
must guarantee the approach is entrenched in the administrative policies and
transforms the overall business as a whole. As the overall energy administration
systems matures, besides developments, which will be focusing on the best solu-
tion for optimizing of energy completely [26]. Energy management is directly
associated with scheduling, observing, besides regulating energy-associated pro-
gressions keeping in view the ultimate aim to reserve energy resources besides
considering the factor of cost also in order of guarding the atmosphere. The
applications of energy management approaches on varied systems, necessitates
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massive cost in the beginning, though by energy management it saves a lot of
cost later. Though the annexation of numerous novel devices besides varied
arrangements in terms of energy management declines the comprehensive con-
stancy of systems. A major chunk of energy management system is very much
recyclable, but considering the fact that they can be applied to a certain extent
only. The equilibrium in between the energy ingestion besides generation should
be taken care off to avoid any sort of disorder. Energy administration approaches
necessitates enormous extent of energy storage systems for appropriate opera-
tional functioning, though their restricted capabilities make it quite problematic
in efficient application in terms of energy administration approaches. Some of
the smart energy management solutions are deliberated below [27]:

Smart Buildings: It involves the designing of buildings or structures energy wise
and facilitating in terms of optimizing energy use besides facility administration.
Connectivity in terms of heating, ventilating, besides air conditioning systems
which is under strict monitoring and control, results in substantial energy saving.
Smart Building can use JouleX design in terms of enabling IT departments to
power-off devices in addition to computers distantly at any particular point of
time as this software has the ability in waking up devices for upkeep work or turn
off complete systems for the period of holiday or vacation. IP-centered physical
access controls allows door access systems in receiving their power via Ethernet
with the help of network switches and it lessens the cabling besides energy costs.

Smart Grids: It involves physical plant’s generation besides dissemination of
energy in addition to other substructures. A well-executed established smart grid
may result in annual gain of 3—-6% in in terms of grid efficiency.

Smart Meters: A foremost constituent of smart grids is Smart Meters as they help
in identification of inadequacies besides reducing waste.

Any organization should be in close proximity with its customers with the help
of varied system competences in order to attain a sustainable and modest IoT
centered smart systems especially critical for companies facing monetary, envi-
ronmental, and societal challenges [28]. In rapid product development lifecycles
addressing to all budding digital technologies like big data analytics, smart
mobile device, the IoT-centered smart systems have become extremely critical
for enterprises and ultimately catering to the need of organizational sustainabil-
ity. IoT-enabled smart system includes an integrated architecture of varied hard-
ware and software constituents [29]. IoT involves variable ranks of communication
networking substructure in terms of providing collaboration amongst gears
besides persons to form a congregated space [30]. IoT-centered smart systems
comprises of embedded hardware besides software components, subsystems and
IoT empowers the comprehension of numerous devices for individual, corporate
applications [31]. These systems also support in assortment besides distribution
of user thoughts and understandings of varied services. Consequently, an IoT-
centered smart system is authorized in terms of interaction amongst network
constituents and services [32].
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16.5 Challenges in Energy Management for Sustainability

Energy Management is important in minimizing energy costs in the industry,
improving business performance and enabling the realization of energy/CO, reduc-
tion objectives [33]. The ISO 50001 — Energy Management offers an infrastructure
for power management systems with the worldwide prototype of plan, do, check,
act’ which is often modified to accomplish enhancements in the world of engineer-
ing. Power consumption information is very important, but meters below costly
prices are often not in the right place as the operating time and power consumption
profile are not clear. How power management is commenced, and the responsibili-
ties associated with roles can vary depending on the type of organization and the
lifespan of the installation [34]. For energy to be successful, success must be a
process- driven by a process of change that is based on technology that carefully
evaluates how, where, why, and how energy is utilized. Vigilant monitoring and
evaluation will recognize areas and chances for enhancement [35, 36]. Thereafter it
is tough to understand and rectify data error in a place where the product will not be
interrupted [37]. The issues of collecting and managing data are presented by the
design of production models and machine outlines that form an idea of factory
activities based on accessible data. A 2-D image of factory line processes making
use of machine profiles with real data from sub-meters as an authentication of the
finalized process model used as a warning of the rise of malfunctions [38]. As the
cost of energy increases, concerns about the provision of durable energy and legal
responsibilities for productions and climate transformation, there are many chal-
lenges related to energy management. The performance of energy management
depends on the organization type and the installation process: large areas will pos-
sess duty holder with a definite part; some employers in small corporations take the
role as more than one job among countless. The energy manager may turn off the
lights where necessary, but the engineering manager needs the lights on for keeping
the production process going. The facility executive wants a well-managed environ-
ment for all inhabitants to promote and provision production. There is a conflict of
interest, but all processes require to be carried out together. Therefore, Ownership is
the major issue, as who is responsible for Energy Management Problem? An orga-
nization must have a strategy to deal with the problem effectively. Legal responsi-
bilities on health and safety, environmental management and chances are generated
as per company procedures. Energy management requires the same level of propri-
etorship and accountability from higher to lower level [39]. Employees and visitor’s
requirement to comprehend their role in minimizing needless energy consumption.
Effective energy management can be considered as process-based system that care-
fully evaluates where, what, why and how energy is consumed. Cautious investiga-
tion recognizes opportunities for development. A structure for energy management
system utilizes the standard model of “Plan, Do, Check, Act”, which is frequently
improved to accomplish enhancements in the engineering area. However, no resolu-
tion is available: energy management systems must have suitable approaches and
policies for using different types of equipment. A strategic direction is essential and



16  Sustainable Energy Usage in Urban and Rural Context-A Study 399

agreements must be made on the processes that will utilize the resources efficiently
keeping in mind the blend of technology and ecology [40].

16.6 Conclusion and Future Scope

Optimization of energy management and consumption is essential for ideal utiliza-
tion of energy resources to fulfil the expectations of human society. Usually, the aim
of an energy management system is to obtain, utilize, and produce energy in effec-
tive way. The energy sector and its amalgamation with information technology will
pose important challenges and opportunities for industries and people in upcoming
years. Previously, the electric power industry has never faced as significant chal-
lenges as it has in the past period of this era. Such challenges put straight influence
on the process and control of electrical systems. Emerging technologies associated
to microprocessors, communications, and computer that provide opportunities to
embrace the issue. Rising energy utilization and many obstacles in its extraction,
now facing many nations, have led scholars and customers, including businesses,
industry and domestic segments, to explore novel and appropriate resolutions to
upsurge production and reducing destructive impacts of consumptions. Amongst
issues are resource depletion and renewable energy trends, environmental varia-
tions, and trends in the information systems network, rising electricity prices and
technological advances. The outcome of the chapter demonstrates that IoE is able to
detect heat, light, noise, heat and humidity in the environment, manage energy in
smart environment, reduce carbon emissions, and protect from environmental
indemnities. The analysis illustrates that the aim of sustainability is achievable only
by facing major changes in the current power infrastructure. Recognizing renewable
energy and seizing opportunities and managing energy establishes a renewable
energy market and slowly builds a professional experience. The requirement to
move into the future of sustainable energy through the widespread use of renewable
energy will be a major challenge in Energy management. The utilization of the
Internet for energy technologies applies to a variety of situations including the fol-
lowing, which can be considered a future course of study in terms of sustainable
growth for any developing nation:

* Acknowledgement of Energy Sources.

e Alternate conducts of substituting renewable Energy Resources.
e Execution of Smart Energy Management System.

*  Model Demonstration for the execution of Internet of Energy.

* Thoughtful structure of Internet of Things.

e Utilization of wireless sensor networks in Industry.

» Efficient utilization of energy-exhaustive materials.

* Augmented usage of renewable sources of energy.

e Well-organized manufacturing and usage of fuels.

* Replacement from high to low carbon or no carbon-based fuels.
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Considering the above factors in case scenario of metropolitan and rural energy
management system would be very useful as well as quite fruitful in achieving sus-
tainable energy standard. As metropolitan and rural planning and development
involves the efficient and orderly regulation of all activities, which would be quite
helpful in the improvement of metropolitan and rural social, economic and environ-
mental benefits keeping the ultimate aim of achieving sustainability in all aspects.
Therefore, future work would involve attainment of optimization in terms of energy
usage in a metropolitan as well as rural scenario keeping the economic growth also
in consideration.
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