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Smart technology has potential in tracking the key challenges based on population based on the sustainable future. In today’s
cultures, a smart approach enables for the integration of information needed to address crucial concerns. The critical challenge
is to limit the effects of global warming while maintaining a balanced economic growth. The impact of global warming
mitigates the fundamental problem while ensuring the balance economic development. Intense research efforts should be
directed toward balanced resource utilization, renewable energy system integration, efficient energy conversion technologies,
effective process integration, effective techniques to enable a circular economy framework, and other issues that are important
to the population. This paper finds the latest technology in the field of smart grid technologies which focused on the effective
enhancement and efficient utilization of resource. The issues and challenges in using sustainable future are discussed and bring
new ideas towards the sustainable future base on the application of smart technologies.

1. Introduction

Global energy demand is the worldwide concern, which is
rapidly growing and satisfies the energy demand in the
future. Economic growth, modernization, and automation
are mainly depending on the energy supply. The carbon
dioxide emission causes greenhouse effect and environmen-
tal degradation which threatened the global environment.
Worldwide greenhouse gas emissions are steadily increasing
on a global scale, where climate change concerns are becom-
ing increasingly prevalent and wreaking havoc on the
people. CO2 emissions have grown by around 2.7 percent,
making them the most dominant emissions. This recent

surge in CO2 emissions is very alarming, especially given
that CO2 levels were nearly steady. CO2 levels are currently
at 411 ppm, although they were below 400ppm just five
years ago. Methane (CH4) is the more dangerous greenhouse
gas, as it is over 30 times more effective as a heat-trapping
gas than CO2. Large amounts of CH4 are stored in ice sheets,
where they are progressively released into the atmosphere
when the ice sheets melt owing to climate change concerns.
It is obvious that current measures are insufficient and that
strong and timely global actions are required to attain this
aim and, as a result, to limit the adverse effects of anthropo-
genic activities on the environment. It is the requirement for
long-term development that leads to the integration of cost-
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effective ways based on interdisciplinary knowledge. Glob-
ally, fossil fuels are still used to generate power to a great
level, accounting for more than half of all electricity genera-
tion, mostly coal, and natural gas. One of the major
problems with current fossil fuel energy systems is their
low conversion efficiency, which results in a high rate of
thermal energy waste [1].

The renewable energy generation level increases as the
energy development, which relies on the reduction of fossil
fuel generation. The fossil fuel is taken as a primary source
of energy to satisfy the supply of energy demand. This
fossil fuel emits greenhouse gases and create hazard to
environment and affect the future generation. So, the sus-
tainable energy resource is of great significance to reduce
the fossil fuel consumption. The renewable energy
resources are free from emission. The renewable energy
with smart technology provides an idea for the emission
problem and contributes significantly in generating power
with less emission of greenhouse gases. Increased energy
demand, along with the depletion of fossil fuels, has
heightened the need for rapid development of renewable
energy (RE) sources to meet demand. However, the use
of renewable energy as a percentage of total energy con-
sumption in many nations is still at a low level [2]. RE
is needed for a variety of activities, including lighting,
heating, and cooking, and it may originate from a variety
of sources, including biomass, solar, wind, and hydro-
power. The costs of developing various alternative energy
sources to meet the energy needs of a certain location
are varied [3].

The costs of developing various alternative energy
sources to meet the energy needs of a certain location are
varied. The challenge in energy resource management is
deciding how to effectively employ available renewable
energy resources to satisfy power demand [4]. Energy effi-
ciency is widely acknowledged as a critical tactic in energy
and climate change policy. Energy efficiency advantages
include decreased greenhouse gas emissions and local air
pollution, as well as fewer energy infrastructure expendi-
tures, lower fossil fuel reliance, better competitiveness, and
improved customer welfare [5].

For coal-based power plants, an average energy conver-
sion efficiency of 35 percent to 45 percent is appropriate,
with the latter number for state-of-the-art facilities, but for
natural gas combined cycle plants, the efficiency can reach
60 percent. As a result, the operation of present fossil fuel-
based technologies is accompanied by a high rate of emitted
waste heat, ranging from 60% to 70% on average, which is
mostly unutilized. In order to make better use of discharged
waste heat, more efficient energy ideas are required,
particularly in industrial applications.

Renewable energy technologies now available provide a
viable alternative to fossil fuels, but with limits, owing to
poor energy conversion efficiency and power generating
nondispatchability. Photovoltaics (PV) and wind generators
have dominated the market in the previous decade, with
substantial growth, while the capacities of large hydroelectric
plants have grown at a slower pace, since their potential has
been fully used for decades, especially in developed nations.

Meanwhile, emission-free energy sources such as solar,
wind, hydro, geothermal, biomass, and others exist across
the world. Renewable energy technologies are an excellent
alternative since they can considerably contribute to global
power generation while emitting less greenhouse emissions.
According to the International Energy Agency’s (IEA) “sus-
tainable future” scenario, renewable energy sources would
generate 57 percent of global power by 2050. To attain this
ultimate goal, long-term forecasting and planning are essen-
tial. For a given zone, renewable energy-based power
generation and delivery to the national grid are required.
The traditional grid connects several networks, and the
regulatory system is made up of different layers of commu-
nication and coordination, with the majority of the systems
being regulated manually. A smart grid is a novel idea that
enables the transmission and distribution grids to be
improved. The smart grid system is the digitalization of
transmission and the creation of new markets for renewable
energy generation. In today’s energy generating and
distribution business, smart grid is frequently used [6].

A smart grid is a novel idea based on smart technology
that allows the transmission and distribution system to be
modernized. The smart grid technology is the digitalization
of transmission and the creation of new markets for renew-
able energy generation. In today’s energy generating and
distribution business, the phrase “smart grid” is frequently
used. The smart grid, when combined with distributed
power generation, creates a new platform that dramatically
improves electric energy security and quality [7]. As more
energy sources become accessible, such as wind, hydro-
power, solar, and biomass, this approach becomes more
feasible and trustworthy. Renewable and nonconventional
energy sources are allowed to connect to a smart grid-
connected distributed power generating connection. This
paper explores the role of renewable energy sources in power
generation and their integration with the smart grid system.

2. Related Work

Renewable energy sources must be integrated into the power
system to achieve a variety of socioeconomic and environ-
mental benefits, as well as to minimise greenhouse gas
emissions from traditional power plants. PV power genera-
tion, on the other hand, is unpredictable and intermittent,
putting significant pressure on the system and causing
energy supply instability. Intermittent energy sources, to be
more specific, may fail to assure the power supply’s continu-
ity and stability. Apart from the aforementioned concerns
with PV integration, power system back-feeding poses
substantial operational hurdles [8].

PV power producing equipment can cause reverse power
flow, high voltage levels, and an increase in the number of
tap operations. To cope with reverse power flow, dispersed
PV power generation units have been proposed instead of cen-
tralised generating units. Furthermore, the integration of
renewable power generation units as new distributed genera-
tions, encompassing large scale at the transmission level,
medium scale at the distribution level, and small scale on
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commercial or residential buildings, can pose challenges for
resource dispatch and control, as well as system operation [9].

The traditional approach to evaluating electric utility
energy efficiency and smart-grid programmes, as well as an
agent-based end-use modelling strategy that addresses many
of the shortcomings of previous techniques, are also
reviewed. Over a fifteen-year period, data from a representa-
tive sample of utility customers is utilized to evaluate energy
efficiency and smart grid programme objectives. According
to model analysis, combining the two least stringent effi-
ciency and smart grid programme scenarios reduces peak
hour demand by one-third more than the most stringent
smart grid programme. This suggests that peak demand
reductions are more feasible when both efficiency and smart
grid programmes are considered [10].

Smart technology and energy approaches are being
industrialized to enhance energy efficiency and decrease
greenhouse gas emissions. Additionally, suggestions for
incorporating energy-efficient and zero-carbon approach
for lighting, air cooling, and conditioning, as well as sustain-
able energy consumption in office buildings around the
country, are offered. The present policies and strategic
energy of renewable energy technologies (RETs) are
highlighted. The pronged method of lowering energy use,
implementing RETs, and monitoring greenhouse gas emis-
sions is used to decrease greenhouse gas emissions and
enhance energy efficiency. Policy enactment, in addition to
energy advocacy, has the potential to reduce greenhouse
gas emissions, energy consumption, and efficiency of energy,
all of which are important for humanity’s future to be clean
and sustainable [11].

Energy extraction, conversion, and usage processes are
all prone to waste. Environmental deterioration, quicker
depletion of energy supplies, and higher costs of energy
products and services are all consequences of such waste.
As a result, the notion of sustainable development requires
a concerted effort to enhance energy efficiency in the pro-
duction, conversion, and usage of energy. Energy resources
and their use are inextricably linked to long-term develop-
ment. Increasing the energy efficiency of operations that
use sustainable energy resources is critical to achieving
sustainable development [12].

The environment is another source of worry in the con-
tinuous use of fossil fuels, in addition to their limited nature
and lack of viable replacement. Climate change and the envi-
ronmental externalities linked with energy usage have
emerged as a major global concern. The contribution of
the industrial sector to greenhouse gas (GHG) emissions
has been shown to be large, suggesting that reducing GHG
emissions from the industry is one of the greatest
approaches to address the climate change challenge. In this
aspect, energy efficiency is critical. By enhancing the effi-
ciency of energy usage in the sector, an estimated 10-30%
decrease can be accomplished at little or no expense [13].

Low-carbon technology, environmental protection,
renewable energy, and green development have been at the
forefront of global power system reform. New electricity
market and power sector changes are being investigated,
and renewable energy market mechanisms are being

explored across the world to address climate change and
emission reduction. Because the usage of hydropower pro-
duction resources in industrialized nations has already
reached a high level, renewable energy sources such as
biomass, geothermal, win, and solar are being explored [14].

The majority of study on energy utilization has been
concentrated on the residential sector. Energy behaviours
in the residential sector are large field experiments assessing
instruments to encourage more effective energy behaviours
and seeking to discover behavioural drivers for energy use.
In the last decade, psychology research has dominated the
bulk of energy behaviour studies. It comprises a detailed
investigation of the factors that influence proenvironmental
behaviour in the residential sector, as well as the sorts of
involvements that may be utilized to encourage it. Local
and national governments utilize energy organisations that
have employed energy restrictions, behavioural change pro-
grammes, and demand side management, to encourage
more efficient energy behaviour. Despite significant invest-
ments in these programmes over the past few decades, more
important energy utilization changes are necessary.

3. Smart Grid Technology

A smart grid is a solution for improving the infrastructure
and electrical energy system in order to create a more
intelligent environment. A smart grid is a method for mod-
ernizing the electrical power infrastructure and services so
that a more smart and dependable power grid can be pre-
sented [15]. Traditional grids offer a number of benefits that
smart grids do not. Smart grids improve the economic and
physical operation of the grid and improve the sustainability
and reliability. The market or a smart grid determines an
intelligent self-response by integrating sophisticated sensing,
measurement and control approaches, and two-way com-
munication into the recent energy system, according to the
US Government of Energy’s advancing technology grid pro-
ject. The smart grid concept is depicted in Figure 1 as a block
diagram. By establishing a smart power grid, energy security
and resource optimization can be improved.

The smart grid system is built to deal with unpredictable
events. The smart grid technology is used to maintain power
distribution availability based on consumer demand. The
major goal of the smart grid is to improve total management
that entails gaining direct monitoring of the system and
thereby increasing reliability of the system. Despite its low
energy efficiency, this approach offers significant advantages
in terms of frugality. By utilizing flexible transmission sys-
tems, smart grid technologies can assist the system operator
in better managing and controlling the energy streams on
the grid [16].

The smart grid’s distribution network automation
enables utility companies to improve the distribution
network’s strong communication and prevents supply inter-
ruptions to end users in the occurrence of unexpected events
including an environmental problem that destroys power
poles or damages the substation’s facilities. Using distribu-
tion channel automation also helps to control end-user load.
The smart grid’s basic mission is to deliver better and more
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reliable services to end users by integrating current
communication systems with diverse grid segments [17].

3.1. Renewable Energy Source Integration in Smart Grid.
Renewable energy resources are more efficient and conve-
nient, especially in increasing the energy prices and the
greenhouse effect. Solar technology is the most perfect sys-
tem for reducing greenhouse gas emissions and managing
energy consumption; it represents a watershed moment in
the development of clean and green energy. The most
impressive approach is utilized wind generators, solar
energy, hydroelectric, and biofuels to generate electricity.
The widespread adoption of these types of innovations and
technology is contingent on three critical variables
connected to future energy supply and grid multiapplication:
demand-side capacity planning, distributed energy storage
(DES), and DG (DSLM). DG connects multiple energy
sources to the electricity grid [18].

Figure 2 reveals the integration of renewable energy
resource in grid. In order to establish the smart grid, local
power generation from renewable energy is critical. Han-
dling renewable sources of energy necessitate meticulous
planning and execution based on technological concepts. A
more adaptable, efficient, and smarter grid is required for
large-scale distributed renewable energy systems. Energy

storage is also a key component of the smart grid. The
growth of renewable energy sources is aided by the
developed system. This system aids in the development of
renewable energy sources. The whole renewable energy inte-
gration and storage system is depicted in Figure 3. Energy
storage will become increasingly important as renewable
energy becomes more integrated into the electricity supply
system. The usage of a big amount of electrical power stor-
age might be difficult and result in system losses. The usage
of DES is a feasible solution since it mitigates the drawback
of the smart grid’s energy backup requirements [19].

3.2. Solar Energy Utilization. Solar energy is now mostly
used to generate electricity using photovoltaic (PV)
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technology or heat using various solar-thermal systems.
There are other linked photovoltaic-thermal technologies
that can produce both thermal and electrical energy,
although they are currently less marketable due to the com-
paratively high total asset cost. The creation of hybrid power
systems, depending on the use of solar energy, could be a
viable solution for integrating multiple market-available
renewable energy sources. The unique control technique
allows for the connection of real-time field data with previ-
ous usage patterns, resulting in a decrease in energy to
imbalance as well as administrative expenses [20].

On a worldwide scale, efficiency improvements of PV
systems and their mechanisms lead to increased PV capacity.
PV system performance could be improved with correct
maximum power point (MMPT) techniques. Solar energy
consumption necessitates solar collection and transforma-
tion, as well as solar storage. Photovoltaic systems can be
used to collect and convert solar energy (PVs). The goal is
to decrease the cost per watt of provided solar energy by a
factor of ten. Solar energy is diffused associated with fossil
energy; thus, material prices must be low to make a photo-
voltaic process economically viable. If the irradiance striking
that area over a time is known, it is quite straightforward to
compute the sale price of converted energy that is necessary
to pay back at least the original cost of covering a section of
the earth with solar energy systems [21].

Because of the variability in local solar irradiance, renew-
able power will never be a primary energy source for
humanity in the lack of expense storage. In theory, batteries
might be used to store electricity, but no battery is currently
cheap enough to meet the required cost perW requirements
for the entire system when amortised over the 30-year life-
time of a solar unit. Electricity might be utilized to power
turbines that pump water difficult. This method is compara-
tively cheap for storage of huge expanses of energy at low
adsorption and desorption rates and to charged and
discharged every 24 hours to account for the daytime cycle.

Utility grid

Voltage controllerPCM generator

BI directional DC-DC
converter

Current controllerPCM generator

DC-DC converter

Battery

PV Panel

Figure 4: Control scheme connected to renewable resource.

Table 1: Energy demand using renewable resource.

Energy source Demand (%)

Coal 22

Gas 24

Oil 35

Hydro 2

Nuclear 5

Biomass 10

Other renewable 1.12

Energy demand %
Other renewable

Biomass
Nuclear

Hydro
Oil

Gas
Coal

0 10 20 30 40

Figure 5: Energy demand for various sources.

Table 2: Energy consumption of renewable resources.

Renewable energy source Energy consumption

Biomass 13%

Traditional biomass 61%

Wind 8%

Hydro 13%

Biofuel 5%
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The conversion of sunlight into a “wireless current” is one of
the most important phases in photosynthesis. In all cases, O2
must be converted into a usable fuel before being released
into our oxygen-rich atmosphere or used as an oxidation
reagent for other fuels. The reduced fuel might be hydrogen
produced from water reduction or an organic species such as
methanol or methane derived from ambient CO2 fixation.
The carbon-neutral cycle would subsequently be completed
by recombination of the reduced fuel with freed O2. How-
ever, considerable advances in basic research are necessary
for this technology to attain its full potential.

3.3. Energy Efficiency. Energy sources and supplies are
critical for social and economic development. The most
important goal is to improve the energy supply system. To
improve energy efficiency and technological innovations
and capture the dynamic must be to achieve general sustain-
ability objectives for various engineering applications,
increased efficiency of efficient estimation available technol-
ogies, structures, procedures, or individual components has
become a necessity. The continuation of this review paper
will present a summary of current breakthroughs in
improved efficiency for diverse industrial applications and
effective management, as they are critical population issues.
Because the topic of efficiency is so broad, the overview
offered here is restricted to specific technological difficulties
and implementations in general [22].

The effectiveness of different technologies and process
elements in energy systems is a prominent research area
with substantial implications for sustainability and
resource usage. Economic expansion, rising living stan-
dards, and societal development in general all come at a
cost to the ecosystem, and it is becoming clear that this
cost is causing a natural equilibrium to be disrupted.
Anthropogenic activities are to a large measure the cause
of these problems, and human actions will be required to
solve it. Sustainability is a realistic objective that requires
a clear vision, meticulous preparation of focused activities,
and timely and effective implementation [23].

3.4. Reliability of the Smart Grid. In today’s electrical net-
works, reliability issues are getting more difficult to solve.
Grid congestion is worsening, greater transfers are being
made over greater distances, variability is rising, and
dependability margins are shrinking. The effective informa-
tion system of islanding coupled to DG has the potential to
improve the local energy supply’s dependability and quality
of service. The user can benefit from an electricity charge
based on real-time sensing, which is made feasible by apply-
ing advance measuring. The smart grid has features such as
self-healing from power outages, allowing end-user contri-
bution in demand managing, cyber-attacks, and physical
damage, providing the required power quality in the
twenty-first century, flexibility in all generation and storage,
and the ability to introduce new products and services [24].

In grid-connected mode, the renewable energy system is
illustrated in Figure 4, which must be overseen by certain
power converter control schemes to regulate the voltage
and power. System synchronisation and management of

the quality of power put into the grid are the foundations
of grid control. The grid functionalities are inserted into
Converter Control, which guides the various operating
modes, manages the energy stored in the batteries, and
provides references for the active and reactive powers.

Smart grid technology controls appliances by deliver-
ing power from suppliers to customers via robust two-
way digital connections. It is also the integration of com-
munications networks with the electrical power grid in
such a way as to create an electricity communications
superhighway capable of continuously monitoring its own
health, alerting the utility immediately if any problems
arise, and automatically taking corrective actions that can
allow the grid to fail gracefully and prevent a local failure
from spreading out of control. The traditional grid has
centralised power generation, unidirectional power flow,
and poor market integration at the distribution level.
Smart grid technology encompasses both centralised and
distributed power generation, with renewable energy
sources playing a large role. The system incorporates

Energy consumption

Biomass
Traditional biomass

Wind

Hydro
Biofuel

8%

13%

5% 13%

61%

Figure 6: Global energy consumption of renewable energy
resource.

Table 3: Annual load distribution for a building for various
electrical sources.

Energy consumption (%)
Energy
resource

Utilizing renewable energy
resources

Lighting 18 3

Water heating 5 5

Space heating 65 22

Fan and pump 12 12

General
purpose

7 7
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dispersed and active resources such as generation, loads,
and storage. It is the electrical network that intelligently
connects producers and consumers to effectively supply
power that is safe, economical, dependable, efficient, and
sustainable. One of the two main objectives for boosting
electric power intercommunication for both energy sup-
pliers and end users tends to push smart grid technologies.

Due to ever-increasing energy demand and the objec-
tive of reducing greenhouse gas emissions, the world’s
energy output is changing, necessitating the extensive uti-
lization of renewable energy sources. The renewable
energy sources are frequently intermittent and unpredict-
able, and energy storage is the only answer to this
problem. Energy storage is a major aspect in the integra-
tion of renewable energy sources, as it helps to increase
energy production efficiency while also ensuring a stable
and dependable contemporary power grid. It can increase
the electric system’s flexibility, dependability, and stability
by reducing power fluctuations [25].

3.5. Smart Grid Technology and Applications. To construct
the smart grid, modern tools and techniques are necessary.
To fully comprehend the application of smart grid, it is
required to integrate information technology, a robust mon-
itoring system, and a practical strategic strategy. The notion
of meeting power demand with a centralised and distributed
generation (DG) system using smart grid is a fairly contem-
porary and trustworthy. Recent technologies and informa-
tion control the smart grid’s system performance and
control system, allowing the operator to exercise demand
monitoring and conveniently supply dependable and high-
quality service. Through a two-way communication network
based on client answers, the smart grid offers the efficient
electrical distribution network. Power companies around
the world are unpredictably confronted with significant dif-
ficulties. Existing grids are also under pressure to operate
securely and reliably. In addition, the social and political
benefits of electricity generation and use, as well as their
environmental consequences, are significant. Developing

countries need to develop policies based on the need for a
more advanced smart grid: a massive oversupply and effi-
cient provision of dependable and high-quality service [26].

4. Result and Discussion

Natural gas has a good influence on the environment since it
is a cost-effective and efficient source of power. The greatest
factor of demand in the energy market will be electric power,
indicating an increase in living standards as more individ-
uals and companies have access to safe and dependable
electricity. Table 1 reveals the energy demand using
renewable resource.

Figure 5 reveals the energy demand for various sources.
The world primary energy demand is increasing based on
the population rate. The energy consumption shows the
increasing of energy demand. The demand of gas is increas-
ing tremendously. The natural renewable resources remain
as a fuel for the power generation as it provides more effi-
ciency. The intensities may vary because of differences in
economic growth, energy usage, energy rate, location,
climate, and culture. Table 2 reveals the energy consumption
of renewable resources.

Figure 6 depicts the overall energy contribution of
various sectors of energy sources, with a focus on renewable
energy sources contribution to total world energy consump-
tion. The renewable energy technology is positive and
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Table 4: Comparison of smart grid technology with traditional
power grid.

Criteria Traditional power grid Smart grid

Metering Inadequate Wide

Power flow control Limited Automated

Efficiency Poor Excessive

Electricity generation Central Distributed

Restoration Physical Self-healing

Environmental pollution High Low
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extensive. It is analysed that energy consumption is more in
traditional biomass and biofuel provide less energy con-
sumption. The energy consumption profiles for a residential
building which have low energy consumption are defined
primarily. A number of design factors can impact each pri-
mary end use that creates the demand on energy and design
variables of building has the possible range of values. Table 3
reveals the annual load distribution for a building for various
electrical sources.

Figure 7 shows the annual demand of energy for the
building. Various components of the building are used to
estimate the total power consumption based on the
utilization factor, size, and maintenance factors.

Table 4 reveals the comparison of smart grid technol-
ogy with the traditional power grid. It is analysed that
the smart grid technique is more reliable and flexible
and performs better compared to a traditional power grid.
The generated power is distributed and provides less
pollution to the environment.

5. Conclusion

Economic expansion, rising living standards, and societal
progress in general all come at a cost to the environment,
and it has become clear that this cost is causing a natural
equilibrium to be disrupted. Providing energy that is
dependable, efficient, and inexpensive is a huge task. Using
renewable energy sources to generate power can bring
immediate and indirect economic advantages that out-
weigh the expenses, as well as environmental benefits.
Recent advancements in solar energy use have focused
on improving existing PV technologies as well as investi-
gating new PV technologies. Improvements in efficiency
and the continued expansion of control mechanisms for
PVs and energy systems were also explored. A smart strat-
egy enables the integration of data needed to address
crucial difficulties in today’s societies. The main contest
is to limit the properties of global warming while main-
taining a healthy economic growth. The smart grid system
enhances the efficiency of electricity distribution by
addressing the deterioration of energy sources and con-
temporary information technologies for communication.
A smart grid can change the electrical grid of the twenti-
eth century into a network that is more intelligent,
adaptable, dependable, self-balancing, and interactive,
allowing for economic development, monitoring, energy
security, and operational efficiency.

Data Availability

The data used to support the findings of this study are
included within the article.
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