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Energy management is important for exploiting the positive aspects of green technologies and achieving sus-
tainable energy use. The increasing global demand for energy and the environmental impacts of fossil fuel use
have intensified the need for effective energy management strategies that integrate green technologies and
sustainable transportation solutions. This paper examines the importance of green energy demonstration tech-
nology and clean transportation development for sustainable energy management. By focusing on the type of
integration of smart grid, energy efficient home appliances, advanced building energy control systems, hybrid
energy systems and wide temperature variation of material PCM to improve thermal efficiency. Development
continues by combining new innovative solutions with effective management strategies and exploring how
effective application contributes to reduced energy consumption and environmental impact. In addition, ad-
vances in clean transportation—electric vehicles (EVs) and hybrids—have been critically evaluated for their
potential to reduce greenhouse gas emissions and fossil fuel dependence. In comparison, this study provides an
analysis based on efficiency, price-performance ratio and integration capability; Strengths and challenges are
given per approach. In addition, this paper has identified significant challenges and obstacles - including costs,
technological challenges, and regulatory obstacles - and offered solutions to overcome these barriers. Findings
from this paper imply that Smart Grid Systems can make a difference between 10% and 15%, which challenges
the ability to protect users with data protection safety conditions; Energy-Efficient Appliances have been found to
save energy by up to 30%, which deters potential use due to financial reasons alone. Ultimately, the goal of this
paper is to facilitate energy management strategies and support the implementation and integration of these
technologies into comprehensive energy management strategies for a more sustainable and more resilient energy
future.

1. Introduction

Cities show significant negative environmental impacts due to the
concentration of economic activities, high intensity resource use and
extensive use of non-renewable energy. Put differently, the fact that
cities are responsible for more than 70% of the world's energy con-
sumption, produce more than 75% of greenhouse gas (GHG) emissions,
and are home to more than 50% of the region's population justifies their
importance to the environment (Bibri and Krogstie, 2020). Carbon di-
oxide (CO2) emissions are the primary cause stress of anthropogenic
weather trade, contributing to developing international temperatures
and environmental instability. Data from the Global Carbon Project
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(2022) indicates that worldwide CO2 emissions reached 36.6 billion lots
in 2022, underscoring the pressing want for sustainable electricity so-
lutions. The accumulation of CO: inside the surroundings results in
accelerated radiative forcing, resulting in intense climate sports, melting
ice caps, and developing sea levels (Climate Change, 2021, 2025). This
has a test examines strength manage answers that focus on mitigating
CO: emissions on the equal time as enhancing electricity efficiency,
thereby assisting sustainable development goals.

At the "Energy Conservation and Energy Efficiency Working Group"
meeting that happened in Beijing on June 5, 2017, strength performance
grow to be taken into consideration a first-rate difficulty count for dia-
logue. Committed to operating together on initiatives using renewable
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power a good way to enhance natural resource utilization and strength
performance. An critical indicator of fair power improvement and use is
strength efficiency (Hansen et al., 2024; Yao et al., 2021). In addition, it
helps to determine whether economic growth is dependent on the level
of energy use or improvements in energy efficiency. Apart from all this,
energy efficiency has become an important policy option to address the
interrelated issues of climate change and energy security (Sharma et al.,
2014). Global population growth increases the demand for energy and
natural resources (Maja and Ayano, 2021; Muzayanah et al., 2022). To
meet their needs, industrial companies are expanding with new tech-
nologies and processes. Rapid growth in resource use and energy con-
sumption has negative effects on the environment, including pollution,
greenhouse gas emissions and waste production (Hashmi and Alam,
2019; Khan et al., 2021). Energy and resources are the two most
important factors for economic progress. Economic progress is impos-
sible without adequate resources and energy; Therefore, they should be
used wisely and appropriately.

Two increasingly important elements in our pursuit of sustainability
are clean transport and green energy efficiency technologies. Optimizing
energy use and reducing greenhouse gas emissions worldwide depends
to a large extent on the integration of these technologies. That said,
assessing the sensible effectiveness of these technologies requires a
know-how in their quantitative influences. The development of
electricity-efficient commercial structures and device has shown great
ability in green electricity efficiency generation. Compared to conven-
tional incandescent lamps, strength-green lights technologies which
includes LED bulbs deplete to seventy-five% less energy. According to an
(Canton, 2021) Evaluation, Global use of LED lights may want to save
extra than 1,four hundred terawatt-hours of strength with the aid of
2030, equivalent to the annual electricity intake of the complete African
continent. Furthermore, the (U.S. Department of Energy Top Accom-
plishments in, 2022, 2024) The report states that when combined with
smart power control systems, high-performance HVAC systems in
commercial homes have been shown to reduce power consumption by
up to 40%.

The developing recognition of electric vehicles (EVs) is vital to
decreasing reliance on fossil fuels for clean transportation. Global EV
income reached 10.5 million in 2022, up 60% from the 12 months
earlier than, according to (Global EV Outlook, 2022, 2024). The
development of infrastructure and energy call for are notably impacted
by means of this rise. According to the IEA, the worldwide market for
electric vehicles is predicted to reduce CO2 emissions via about 1.5
billion metric tons via 2030. However, improvements in battery era and
the accessibility of charging infrastructure are conditions for the great
use of EVs. As of proper now, predictions for battery expenses have
dropped with the aid of 89% due to the fact that 2010, however more
drops are required to make batteries widely cheap and scalable (IRENA,
2024).

Although green energy efficiency technologies and clean trans-
portation systems have advanced significantly, there are still many
significant research gaps. The absence of integrated analysis that com-
bines different technologies under a single energy management frame-
work is a significant drawback of research currently being published.
Most of the previous review studies have tended to focus on specific
domains, such as smart grids, energy efficient buildings, electric vehicles
or renewable energy systems, without adequately analyzing the in-
teractions, synergies and potential conflicts that arise when these tech-
nologies are used in combination in real energy systems.

In addition, many of the studies now available provide descriptive
summaries of technology advances, but provide little comparative
analysis of their effectiveness, maturity level, scalability, and integration
issues. Because of this, the broader implications of integrating these
technologies for long-term sustainability, system resilience and large-
scale energy management have not received sufficient attention.
Widespread use of sustainable transport and energy-efficient technolo-
gies is still hindered by problems with grid connectivity, infrastructure
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development, compatibility with energy storage and economic
feasibility.

Highlighting phase change materials (PCM), smart grid technologies,
energy efficient appliances, building energy management systems,
hybrid renewable energy systems and clean transportation technologies,
this review provides an integrated approach to sustainable energy
management to overcome these barriers. This study highlights oppor-
tunities to increase energy efficiency, reduce greenhouse gas emissions,
and aid the transition to low-carbon energy systems by focusing on the
interconnection and system-level integration of these technologies, as
opposed to previous reviews that look at these technologies separately.
In order to improve energy efficiency and promote low-carbon energy
systems, this study aims to present a comprehensive and integrated
overview of new technologies for sustainable energy management. This
study focuses on current advances in sustainable energy management
systems using a structured narrative review methodology. Important
scientific databases such as Scopus, Web of Science, ScienceDirect and
Google Scholar were used to collect relevant material. The search
focused on articles from 2015 to 2025, using terms such as energy
management systems, smart grids, energy efficient buildings, electric
vehicles, hybrid renewable energy systems and phase change materials.

This review is filling a research gap in the existing literature and
provides new synthesis for the integrated solutions in energy manage-
ment. It is needed because of the lack of cross-sector energy manage-
ment perspectives and trying to connect the green technologies within a
unified energy management framework. Whereas the comparative
assessment of multiple technologies is relatively limited in the literature,
this review is synthesizing recent advancements by highlighting their
capabilities and discussing their limitations.

Although this study is a review-based analysis, it provides practical
insights for the implementation of integrated energy management sys-
tems. The findings can support policymakers, urban planners, and en-
ergy engineers in designing sustainable energy strategies by identifying
effective combinations of smart grid technologies, energy-efficient ap-
pliances, building energy control systems, PCM-based thermal man-
agement, hybrid energy systems, and clean transportation solutions.

2. Green technology

Green technology serves a "green" objective, as the term implies.
Green inventions are those that benefit the environment and often
include recycling, renewable resources, safety and health concerns,
energy efficiency, and other areas. Natural resources are limited in the
earth and some have already been exhausted or destroyed. Toxins that
cannot be eliminated from drinking water or food crops cultivated on
polluted soil, for instance, are commonly found in household batteries
and devices, which can contaminate groundwater after disposal (Kumar
et al., 2021). The effects on people's health are profound. Therefore, it is
essential that all investors take the environment into account. They
ought to realize how beneficial green innovations and clean technology
are to business. These are growing markets with revenues that are rising
quickly. Customers need to know that investing in green inventions can
lower their energy costs and that these products are often safer and
healthier (Hashmi and Alam, 2019). Because of energy use, our envi-
ronment is facing several serious problems, such as depletion of fossil
fuels, air pollution, degradation of the atmospheric greenhouse effect,
climate change, global warming, and so forth. Many solutions, such as
the creation of the RE100 campaign and the objective of net zero
emissions by 2050, have been put into place to address the problems
brought about by the usage of nonrenewable fuels. The advancement of
green energy technologies is essential to achieving these aims. Tech-
nology, products, devices, equipment, and energy services that depend
on data and software that is protected by patents and/or trademarks are
collectively referred to as green energy technology. Ideas from the cir-
cular economy, like recycling, reused materials, extended product life-
cycles, and sustainable product design, have been highlighted in recent
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advances (Global EV Outlook, 2022, 2024).

In this context, green technology shows up itself in the creation of
sustainable practices (Danish and Ulucak, 2020), mechanisms that
facilitate the mitigation of pollution and environmental impacts across
the life cycle, the opening and development of new markets, and the
innovation of new goods, services, or procedures (Alam and Murad,
2020). One of the most effective substitute approaches to sustainable
development is now green technology (Aswathy and Saravanan, 2024).
In particular, to comprehend the impact of environmental technologies
and the creation of policies and decision making, green growth requires
technological and market innovations (Awan, 2019). Aswathy and
Saravanan define green or ecotechnology as the continuously evolving
categories of practices, practices, and materials, from non-toxic cleaning
products to methods for producing energy (Abbas et al., 2019). It en-
compasses sustainable or environmental technology. It takes both the
immediate and long-term effects on the environment into account
(Abbas et al., 2019). Green technology, which includes energy effi-
ciency, health and safety issues, recycling, renewable resources, and
many other things, is by definition ecologically friendly (Awan, 2019).
To ensure businesses have sustainable growth in a demanding and
competitive business climate, companies must implement the optimal
resource utilization plan (Abbas et al., 2019). The growing importance
of integrated green technologies for improving environmental sustain-
ability and energy system resilience has been highlighted by recent
studies. For example, (Abu Jadayil et al., 2025) emphasize the impor-
tance of waste-to-energy innovations, carbon capture technology and
decentralized energy systems to promote sustainable energy transitions
and reduce environmental impacts.

Integrated energy systems have become a popular strategy for
enhancing the flexibility of energy systems and facilitating the incor-
poration of renewable energy. Coordinated control of several energy
carriers, such as heat, gas, and electricity, is made possible by these
systems, which can greatly improve carbon management techniques and
grid stability (De Lorenzi et al., 2025). This review uses an integrated
framework that links smart grid systems, storage technologies, renew-
able energy generation, and sustainable end-use applications inside a
single energy management structure in order to increase clarity and
methodological transparency.

Five consecutive steps comprise the methodical flow: (1) Renewable
energy production and resource integration; (2) Electrochemical, me-
chanical, and chemical energy storage and conversion systems; (3)
Demand-side management and smart grid coordination; (4) End-use
applications, such as energy-efficient appliances and electric vehicles;
and (5) Technical, economic, and environmental performance evalua-
tion. This framework integrates performance efficiency, cost-
effectiveness, scalability, and environmental impact while enabling
methodical technology comparison.

3. Significance of green technologies in energy management

Therefore, significant measures must be taken to reduce CO2 emis-
sions from transportation and other energy-related industries. Countries
all across the world are setting both short-term and long-term objectives
to fight global warming in the wake of the Paris Agreement. Many na-
tions committed to reaching net-zero CO2 emissions by 2050 during the
2019 UN Climate Summit. The energy revolution is quite concerned
about reaching these ambitious objectives (Mohideen et al., 2021).

Energy management, which maximizes energy efficiency and mini-
mizes inefficiencies in production and consumption, is essential to
maximizing the impact of green technologies. Energy is used more
responsibly and efficiently when green technologies are integrated into
power grids and industrial processes by effective energy management
systems (Mishra and Singh, 2023). Energy management strategies,
which monitor and control energy use, are directly related to the
deployment of energy-efficient technologies in buildings and industrial
sectors. Energy managers can assess usage trends and modify operations
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to increase energy efficiency by using automated systems and smart
meters. In addition to reducing operating costs, it reduces greenhouse
gas emissions and energy requirements, thereby reducing the environ-
mental impact (Marinakis, 2020). In the context of clean transport
technology, energy management ensures that electric vehicles are con-
nected to the energy grid in a way that avoids system overload. Smart
energy management systems can balance grid demand and promote
energy saving by planning EL charging for low traffic. Transport net-
works become even more sustainable and efficient when renewable
energy sources such as solar energy are integrated into EV charging
stations (Alsharif et al., 2021).

Green technologies in combination with modern energy manage-
ment technology and the integration of renewable energy sources enable
the best possible use of energy resources within the framework of energy
management. The use of energy-efficient appliances and smart network
technologies, which provide better monitoring and management of en-
ergy use, can drastically reduce energy waste and energy expenditure.
Similarly, by reducing greenhouse gas emissions and dependence on
fossil fuels, clean transport options such as electric vehicles help global
sustainability goals.

Digital technologies are used by smart grids to monitor power sup-
ply, improve demand response and incorporate renewable energy
sources. They promote energy-efficient systems and objects, automate
energy management and react in real time. By reducing energy losses
and improving power flow, smart networks support sustainable energy
use (Mugeet et al., 2023). Energy-green home equipment, which in-
cludes low-energy refrigerators, LED lights, and excessive-efficiency
HVAC structures reduce strength demand, reduce strain on infrastruc-
ture and conserve resources (Gonzalez-Torres et al., 2022). When these
technologies are used, energy management becomes more efficient,
waste is reduced and energy use increases, which is beneficial for
businesses and consumers. In addition, because they run on electricity,
reduce dependence on fossil fuels, and can be charged using renewable
energy sources, electric vehicles (EVs) are important for sustainable
transportation (He et al., 2020). Reducing energy use and achieving
sustainability goals depends on their wide distribution.

With many innovations, green technologies are taking the lead in the
fight for sustainable energy management. A number of green technol-
ogies are used for sustainable electricity use (see Figs. 1 and 2 below).
Increased energy efficiency and sustainability are facilitated by smart
grid systems, energy-efficient appliances, energy management of
buildings and improved lighting technologies. In addition, the con-
struction industry is changing due to green building technologies such as
passive solar architecture, green roofs and walls, energy efficient HVAC
systems and sustainable manufacturing techniques (Ghazimirsaeid
et al., 2023). Conventional modes of transportation are being trans-
formed by clean transportation technologies, such as electric, fuel cell,
and hybrid cars (Anjana and Shaji, 2018; Sharif et al., 2023; Zhang et al.,
2020).

To increase sustainability, reduce greenhouse gas emissions, and
promote resource efficiency in many industries, this paper examines the
integration of clean transportation and green energy efficiency tech-
nologies into energy management and efficiency.

3.1. Green energy efficiency technologies

Efficient energy use and production are important components of the
world's ambitious goals for sustainable development, as well as mea-
sures to deal with environmental impacts and climate change. It is
becoming clearer that energy efficiency has major economic, environ-
mental and social benefits (Parise et al., 2017). However, it is clear that
much energy efficiency potential is still unknown. Although energy ef-
ficiency is improving, it cannot keep up with rising economic activity in
all industries. In terms of energy efficiency, we can define energy in-
tensity as the quantity of energy required to create one unit of output. It
calculates how much a unit of energy improves the economy. This



W. Abu Jadayil et al.

Renewable Generation

&

Energy Storage Systems

e

Smart Grid & EMS

End-Use Applications (EVs,
Buildings, Industry)

v
Performance Evaluation
(Technical + Economic +

Environmental)

Fig. 1. Integrated Energy Management Framework Linking Technical, Eco-
nomic, and Environmental Dimensions.

amount is computed by dividing GDP, or the total income of a nation, by
total primary energy consumption, which includes all fuels and
energy-generating fluxes. This indicator calculates the fuel and flow
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efficiency of a specific economy. A nation's energy intensity decreases as
it grows more efficient and cuts down on wasted energy. Lower energy
intensity means less energy-to-GDP conversion costs, based to the In-
ternational Energy Agency. Energy efficiency is heavily influenced by
technological advancements in power generation, storage, distribution,
conversion, and consumption (Gao et al., 2012).

Reducing energy consumption is the aim of energy efficiency tech-
nologies while preserving or enhancing the intended level of production
or service. To maximize these devices' performance and efficacy, energy
management techniques are essential (Chua et al., 2013). The following
are some instances of energy-efficient technologies and the related facets
of energy management. See Fig. 3.

3.1.1. Smart grids

The phrase Smart Grid refers to more than a single technology or
even a specific combination of distinct technologies. Is an "umbrella"
term that refers to a variety of electric power system technologies, both
hardware and software. Some people define Smart Grid as the addition
of information and communication technology (ICT) to existing infra-
structure. For others, Smart Grid means the construction of new lines for
transmission, meters, and renewable energy sources (Stephens et al.,
2014). Smart grids have supplanted traditional electricity systems in a
number of nations. A smart grid connects current electricity in-
frastructures with information technology to improve efficiency. The
smart grid intends to improve grid performance and reliability while
reducing costs across generation, transmission, distribution, and con-
sumption. Consumers now have better access to tariff-related informa-
tion, allowing them to control their consumption more effectively
(Tuballa and Abundo, 2016). Smart grids have revolutionized the way
electricity is produced, distributed and used by incorporating advanced
sensing, interaction and control technology into the operation of the
power grid. Benefits include minimal emissions, safety, reliability and
greater efficiency. Using smart demand management, integrating
renewable energy sources and practicing power line loss reduction

Types of Green
Technologies Used for
Sustainable Power
Utilization

Energy Efficiency
Technologies

Clean Transportation
Technologies

- Blectric Vehicles (EVs)
- Hybrid Vehicles
- Fuel Cell Vehicles

Fig. 2. Types of Green Technologies Used for Sustainable Power Utilization.
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techniques increases efficiency (Mei and Zhu, 2013). The primary dif-
ference between the smart grid and the traditional power grid is that the
smart grid provides reliability without the need for additional resources.
In addition to protecting assets such as substations, overhead lines,
generators and client equipment, smart grids also aim to increase se-
curity through secure communications and software solutions that
safeguard infrastructure and customer data (Dileep, 2020).

Smart grids allow two-way transmission of electricity and informa-
tion. A smart grid system relies heavily on Smart meters, communication
networks, and data management systems are examples of advanced
metering infrastructure (AMI) technology, which enables two-way
communication between utilities and consumers (Gao et al., 2012).
The AMI system allows the grid to collect data on customers' energy use,
power quality and load profiles. Smart meters can automatically send
consumption data to the utility's head office. Customers can also be
notified of how much energy they use and the maximum price period
(Bilgin et al., 2016). Smart grids provide numerous benefits over con-
ventional energy systems. They increase fault detection and allow
self-restoration. Integrated energy assets and renewable generation are
easy to contain into them. Smart grids offer state-of-the-art strength
storage and top-shaving generation like plug-in electric/hybrid electric
vehicles (PHEVs) and thermal-storage air conditioning (Cunjiang et al.,
2012). In addition, they provide immediate information and control
options, enabling customers and the power, transmission and distribu-
tion industry to make timely, well-informed decisions. To quickly
identify unauthorized users, traffic jams and power quality problems,
smart gadgets collect data. In addition, the network guarantees that
connected devices and equipment will function as intended (Dibangoye
et al., 2015). Furthermore, hybrid energy structures have become a
powerful way to guarantee a stable energy era and improve power ef-
ficiency. These structures incorporate multiple power resources, such as
wind, solar, and battery storage, to maximize overall performance and
reduce reliance on traditional electrical grids. For example, combining
solar photovoltaic (PV) systems with battery garages improves grid
balancing by increasing the availability of power during high call in-
tervals (Lii et al., 2020). Additionally, in remote locations where
centralized grid infrastructure has been damaged, hybrid systems are
growing in popularity, encouraging the use of decentralized energy.

Smart grid technologies enable improved real-time energy

production, distribution, and consumption monitoring, control, and
optimization (Bayram and Ustun, 2017). Energy management technol-
ogies maximize energy use, minimize peak demand and enable response
programs using advanced metering, data analysis and communication
systems (Rathor and Saxena, 2020). Energy management software, time
pricing and automated demand response systems are used to proactively
control and optimize energy loads. As a result, there is less energy waste
and more efficient distribution of energy resources (Bakare et al., 2023).
To improve the discussion of these technologies and their role in energy
management, quantitative data showing the implementation and im-
pacts of smart grids in different regions is important. Smart grid tech-
nology is essential for improving energy distribution, integrating
renewable energy sources and increasing overall energy efficiency.

By 2022, nearly 100 million smart meters or around 70% of all
households—had been installed all across the country, according to data
from the U.S. Department of Energy. In areas with sophisticated smart
grid technologies, this can lower peak demand by up to 5% through
allowing real-time monitoring of energy consumption (Gao et al., 2022).
Between 2021 and 2030, a 20% annual market growth rate is antici-
pated as a result of the EU's effort for energy efficiency via smart grids.
Early users of smart grid technology include Germany and Italy, where
penetration rates are almost 80%. By reducing transmission losses by
10%, Germany's smart grid technologies have greatly increased grid
efficiency (Sospiro et al., 2021). Smart grid deployment has expanded
quickly in China as part of its enormous renewable energy ambitions.
More than 500 million smart meters were linked by China's State Grid
Corporation by 2023, enabling improved energy load balancing and the
integration of solar and wind power into the grid. As a result, energy
waste is reduced and dependence on the grid is increased (Thompson,
2023).

Smart grids offer significant improvements over traditional grids in
terms of reliability, communication, efficiency and control. It is a power
network that uses digital communication technology to monitor,
analyze and control energy consumption as well as deliver power to
customers. Smart meters allow two-way communication with con-
sumers. On the demand response (DR) side, attractive discounts are
offered to ensure consumer participation in adjusting energy use (Jarrah
et al., 2015). Integrating non-traditional energy sources improves the
reliability and efficiency of smart grids. So does the successful
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implementation of electric vehicles. Fig. 4 depicts the main suppliers
and customers in the smart grid. Arrows indicate the direction of energy
movement. Adopting a smart grid in place of a traditional grid, which
primarily uses the older grid's current resources, presents a number of
issues. Where current traditional grids must be turned into smart grids,
evolution techniques must be established to achieve an ideal network
capable of carrying out the smart grid's features (Pagani and Aiello,
2016). Principles of graph theory are frequently used to determine the
appropriate network and topological models for a smart grid
(Babakmehr et al., 2016).

3.1.2. Green energy - efficient appliances

Households consume energy for a variety of purposes, and the
amount of energy required varies greatly between household activities.
The household sector is critical to energy consumption, and much work
has been put toward saving energy in households, which account for
one-fifth of worldwide energy demand. When examining energy con-
sumption, it is important to note that individuals do not use electricity
directly, but rather use electricity-powered services such as televisions,
lighting and refrigerators. In other words, power usage must be analyzed
in terms of energy usage (Baldini et al., 2018). The urge to purchase
energy-efficient equipment must grow if home energy consumption and
carbon emissions are to be reduced. The main source of consumption of
energy and carbon emissions in homes is appliances, and their use is
growing quickly. Between 2005 and 2015, Chinese households
consumed 468 billion kWh of electricity, a 162% increase. Studies show
that between 2014 and 2015, household energy carbon emissions rose
by 5.8%, making up 11.6% of all household carbon emissions. Nearly
70% of these emissions came from domestic appliances (Wang et al.,

-
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Factory
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2017). Reduced household energy use and emissions are directly
impacted favorably by the use of energy-efficient equipment. According
to statistics, domestic energy-efficient appliances saved approximately
10 billion kWh of electricity per year in 2017, lowering carbon emissions
by 6.5 million tons, which equates to a decrease of 14,000 tons of ni-
trogen oxide emissions, 14,000 tons of sulfur emissions, and 11,000 tons
of particulate matter emissions. There are two ways to reduce the
amount of energy used in a home: either cut back or use energy efficient
appliances. Research shows that improving energy efficiency is a prac-
tical strategy for mitigating climate change and protecting the envi-
ronment. However, energy users choose to reduce energy consumption
over retrofitting or moving to energy-efficient appliances (Hackel et al.,
2017).

Domestic consumers' energy usage is a major source of carbon
emissions into the environment. For example, in the Chinese market,
four million refrigerators and five million televisions get changed every
five years (Ma et al., 2013) (Parikh and Parikh, 2016). analysis found
that the energy savings of four major home appliances (refrigerator, air
conditioner, fan, and TV) are expected to reach 52-145 billion kWh by
2030, accounting for up to 27% of total energy savings. It is also
anticipated that using energy-saving equipment will result in a 30%
reduction in carbon emissions by 2030. Researchers stated that
energy-efficient home appliances are the quickest and most effective
way to ensure environmental sustainability (Zhou and Yang, 2016)
(Sonnenberg et al., 2011). assert that the selection of energy-efficient
equipment has been significantly influenced by environmental issues.
According to (Alam et al., 2014), people who are more knowledgeable
about energy-efficient products are more likely to use them.

Moreover, Phase change materials (PCMs) have demonstrated giant

Wind Power
Generator

s T P

Hydroelectric
Power Plant

Fig. 4. Smart Grid Customers.
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capability in enhancing thermal performance throughout numerous
applications, consisting of solar panels and thermal reactors. PCMs
absorb and release heat at certain stages of the phase transition,
enabling efficient thermal garage. According to recent research, PCM
integration with solar cell systems can increase electrical efficiency by
up to 15% (Kazemian et al., 2023). Furthermore, concentrated photo-
voltaic structures have been effectively cooled using metal foam struc-
tures embedded with PCM, thereby increasing efficiency and reliability
(Zhao et al., 2020). These innovations play an important role in
increasing the use of renewable power and reducing energy losses in
thermal methods.

Applications of PCMs such as solar panel cooling, PCMs integrated
with solar panels reduce overheating, improve power and stiffness,
other thermal reactors, PCMs optimize heat retention, and ensure robust
thermal conditions for industrial processes. Third, more suitable build-
ing insulation materials increase heat retention in homes, thereby
reducing power consumption in HVAC structures. Studies such as "Phase
Change Material (PCM) based full thermal storage equipment to manage
sonochemical reactor heat" (Chibani et al., 2023) Reveal the effective-
ness of PCM to stabilize the thermal environment, reduce strength loss
and improve overall performance.

3.1.3. Energy management of green buildings

Buildings used for residential, commercial, educational, healthcare,
and industrial purposes are consuming an increasing amount of energy.
30-45% of global energy is consumed by buildings (Ashouri et al.,
2019), Most of the energy being used by subsystems such as lighting,
water, safety, heating, and cooling systems. Within this framework,
current efforts are concentrated on making sure that, in order to meet
the standards for energy efficiency in buildings, operational needs are
met at the lowest practical energy cost while preserving an environ-
mentally pleasant building (Doukas et al., 2007). Energy efficiency is
regarded as the most successful approach in many developed and
emerging countries to manage and overcome rising energy demand
(Al-Rakhami et al., 2019). In any event, improving the energy efficiency
of these systems is difficult since they must often meet complicated
operating requirements, dynamic energy demands, and comfort criteria
(Wang et al., 2019). Depending on how they are used, buildings are
currently equipped with Building Energy Management Systems (BEMS).
BEMS is a set of strategies and practices aimed at improving efficiency,
performance, and energy use (Bonilla et al., 2018). This technology
enables energy management duties such as automated demand
response, managing expenses, identifying anomalies, and organizing
information (Jota et al., 2011). There are various studies and research
papers that describe sophisticated BEMS utilization for subsystems such
as heating and cooling systems (Seeam et al., 2018; Jiang et al., 2017) or
the entire building (Rotger-Griful et al., 2017). Energy conservation in
buildings has been the subject of a great deal of research during the last
ten years. Commercial structures are typically designed during the
building planning stage with established occupancy levels and work
schedules in mind. These schedules have been seen to diverge dramat-
ically from actual occupancy behavior, wasting energy (Naylor et al.,
2018).

Buildings can function as intelligent systems, encouraging the tran-
sition to a more viable energy consumption perspective. They can
accelerate the adoption of sustainable technology while lowering carbon
emissions, productivity, operational expenses, well-being, use of energy,
and comfort (D'Oca et al., 2018). There are many different kinds of
buildings nowadays, depending on the goals of design. Figs. 5 and 6
illustrates the different types of buildings, such as green, net-zero, and
smart. Green buildings are usually made with the environment in mind
at every stage of the building process, from design and construction to
operation and maintenance to demolition and reconstruction. In order to
achieve net-zero energy use and, consequently, annual carbon emis-
sions, net-zero energy buildings must supply their energy through se-
curity measures and sustainable electric power generators within the
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structure (Pan et al., 2014). The integration of energy and technology
systems into buildings is referred to as "smart building." This places a
focus on energy efficiency, automation, occupant comfort, and resource
management (Shaikh et al., 2016).

Energy management's core idea is to continuously, systematically,
and effectively assess energy usage, with a focus on energy cost opti-
mization in relation to user attributes, finance capacities, energy de-
mands, funding options, and accomplished emission reductions (Doukas
et al., 2009). With the use of energy management systems (EMS), cus-
tomers can satisfy both their own and utilities suppliers' goals by uti-
lizing load demand patterns and estimations of renewable energy (Di
Piazza et al., 2017). These systems can use a variety of control logics to
monitor and manage the energy use of buildings, machinery, and in-
dustries (Lee and Cheng, 2016). Table 1 lists numerous studies on energy
efficiency technologies and the methodology utilized in each.

According to recent studies, sophisticated AI technologies can
significantly improve smart grid performance by improving energy de-
mand forecasting, grid operation optimization and real-time moni-
toring. These intelligent systems make it possible to make energy
infrastructure more sustainable and adaptable, able to integrate a vari-
ety of energy sources (Madani et al., 2025). Overall, the evaluated
research show that energy-efficient appliances and smart grid technol-
ogies are important for enhancing energy management and lowering
energy usage. Real-time monitoring, demand-response systems, and
better load balancing are all made possible by smart grids, which can
greatly increase the dependability and efficiency of electrical systems.
On the other hand, the main way that energy-efficient appliances help is
by lowering the amount of energy used in homes and buildings.

Although both strategies increase energy efficiency, their maturity
levels and implementation difficulties are different. While energy-
efficient appliances are comparatively simpler to install but offer more
gradual energy savings, smart grid technologies frequently necessitate
significant infrastructure investment, sophisticated communication
networks, and regulatory assistance. Because efficient appliances lower
overall consumption at the end-user level and smart grid technologies
optimizes energy distribution and demand response, their simultaneous
adoption can offer complementary benefits. Long-term sustainability
objectives can be supported and system efficiency can be greatly
increased by integrating various technologies into a single energy
management framework.
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3.2. Clean transportation technologies

The transportation sector appears to be one of the most significant
hurdles to sustainable development (Mathiesen et al., 2015). For the
past ten years, the transportation sector in the European Union that
relies on fossil fuels has been responsible for nearly one-fifth of the
emission of GHG and one-third of all final energy consumption (Alises
and Vassallo, 2015). Transportation still uses more fossil fuels than it did
in the past, despite recent developments in certain countries' power and
heat sectors demonstrating notable achievement in lowering demand
and embracing more RES. The transportation sector's reliance on fossil
fuels may be considerably reduced by the development of alternative
fuels, more fuel-efficient automobiles, and battery EVs, however inte-
grating the heating, electricity, and transport industries allows for a
more extensive utilization of renewable energy sources. But there isn't a
single, easy way to use RES to reduce carbon dioxide released in the
transportation industry (Mathiesen et al., 2015). As a result, multiple
studies have been conducted to explore the various feasible options for
the future sustainable transportation sector. While some academics
examine the whole transport sector, many studies focus on a specific
mode of transportation, technical solution, or planning scheme that
applies to one or more areas.

Three types of electric vehicles were covered by the author: plug-in
hybrid electric vehicles, fully electric vehicles, and hybrid electric
cars. The authors found that while electric vehicles were more fuel-
efficient than other car models, CO2 emissions could be higher if the
electricity needed for recharging the batteries came from coal- or oil-
fired power stations. Likewise, a thorough examination of electric ve-
hicles and associated technologies is provided in (Shareef et al., 2016),
highlighted how crucial it is to carry out more research in this field in
order to lower costs and improve the technical capacities of batteries for
electric cars. A summary of strategies for plug-in hybrid electric vehicles
and electric vehicles that maximize charging, conducted by (Rahman
et al., 2016), concluded that building a charging infrastructure is
essential to the future growth of electric vehicles (Raslavicius et al.,
2015) studied the technical and legislative facets of Lithuania's
deployment of electric vehicles. By applying a SWOT analysis (Weak-
nesses, Opportunities, Threats, and Strengths), the writers found that
encouraging companies to invest in plants that produce batteries or
power trains can have a transformative effect on the local electric
vehicle sector. But emphasis was placed on the government's active
involvement in order to achieve the latter. Additionally, the cost im-
plications of making the quick changeover to electric vehicles were
looked at in (Riesz et al., 2016).

Trailer carrying in distribution centers, transit depots, container
ports, and other areas has shown to be a valuable application for electric
trucks. Compared to diesel cars, improved electric trucks require less
maintenance and are quieter. The effects of EVs on the power market,
particularly management mechanisms and vehicle-to-grid (V2G)

technology, were studied by Shafie-Khah et al. Additionally, they
examined how the transportation sector and sporadic renewable energy
sources interact (Shafie-Khah et al., 2016). They argued that EVs will
primarily target the spinning reserves and auxiliary services markets.
Stochastic approaches should be utilized to address uncertainties such as
vehicle numbers, charging prices and times, state of charge, and driving
behaviors. In addition, numerous academics focused on the integration
of the power and transportation sectors. investigated alternative eco-
nomic models for implementing battery electric cars in Denmark, with
an emphasis on how renewable energy sources and electric cars interact.
According to what they found, some countries like Denmark offer great
political and economic conditions for the development of these kinds of
business models. The authors of (Chang et al., 2017) examined the
environmental impact of a number of biofuels as potential solutions for
the transportation industry in the future, including bioethanol, bio-
diesel, and bio-hydrogen. They discovered that biofuels can still
contribute to the reduction of fossil fuel consumption, even with the
current volume of fossil fuels utilized for biomass farming and biofuel
production (Ail and Dasappa, 2016) An analysis of Fischer-Tropsch (FT)
synthesis technology for biofuel production was carried out in the study,
which revealed that FT synthesis from biomass is a viable method for
creating sustainable fuel. The most productive bio-oil was palm oil.

The cultivation of waste land for the production of biomass was
studied in (Pfeifer et al., 2016). However, the authors demonstrated that
the grown biomass in Croatia is not financially viable. Anderson
(Anderson, 2015) examined how using biofuel affected car emissions.
He found that even with increased gasoline use, greenhouse gas emis-
sions may decrease, however air quality is projected to decline with
higher use of biofuel. Furthermore, biofuels have been identified as a
potential solution for mitigating increasing demand for energy in the
Australian transportation sector (Azad et al., 2015), whereas in Thailand
(Lecksiwilai et al., 2017), biofuels have demonstrated superior envi-
ronmental performance to their fossil-based counterparts. However,
their manufacture requires substantially more water. Datta
(Sadeghinezhad et al., 2013), investigated alternate fuels for compres-
sion ignition engines and discovered that, while biodiesel use has much
higher environmental benefits than standard diesel, it degrades engine
performance.

To increase the driving range of EVs and make the switch to EVs
more sustainable, clean transportation technology and energy manage-
ment are essential. There are challenges in integrating EVs into the
electrical grid, such as rising energy costs and problems with grid sta-
bility (Kene and Olwal, 2023). To overcome these issues, EV charging
optimization and control solutions have been developed (Wang et al.,
2023). Moreover, the advancement of driving energy management
technologies, like multi-power source drive systems and adaptive torque
control, may greatly increase the driving range of EVs (Li et al., 2022).
Furthermore, coordinating grid-connected EV charging with renewable
energy can improve power balance and lower battery aging costs,
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Table 1
Studies on Green Energy Efficiency and its Relationship to Energy Management.
No  Article Insights Methodology Contributions
1 (Alsalemi The research - Modularity is - The paper
et al., describes a built into the introduces an
2023) modular system adaptable
suggestion architecture recommender
system for through system to enhance
increasing customizable family energy
residential sub-components. savings.
household energy - Machine - The recommender
savings by learning is system uses
utilizing a utilized to modularity and
context automatically methods from
appliance-level profile machine learning
energy database appliances, as to provide
from seven well as rank- recommendations.
household based evaluation
appliances. systems.
2 (Jafari, The study Game-theoretic - The article
2023) addresses the frameworks are examines a supply
manufacture and used to make chain
selling of two decisions in encompassing the
types of various government,
electricity- competitive vendors,
powered home contexts and manufacturers,
appliances: power systems. organizations, and
energy-efficient customers.
and inefficient - The paper
models. The employs game-
government theoretic
supports energy- frameworks to
efficient products make decisions in
by cutting tax various contexts.
rates on their
manufacturers
and distributors.
3 (Waris and  The study - Non-probability - Created a
Hameed, analyzes the quota for age and  theoretical
2020) factors that education framework for
influence - Purposive understanding
consumers' sampling method  consumers'
willingness to intentions to
buy energy- purchase energy-
efficient efficient household
household equipment.
appliances, such - Discovered key
as understanding indicators of
of eco-labels, purchasing
concerns about intention,
the environment, including as
as well as knowledge of eco-
perceived labels and concern
consumer for the
effectiveness. environment.
4 (Kim and The study - A survey of - Identified main
Ha, 2021) addresses the significant barriers to the
barriers to the players was introduction of
implementation undertaken using ~ BEMS using Fourth
of Building the analytical Industrial
Energy hierarchy process  Revolution
Management (AHP). technology.
Systems (BEMS) - Identifying - Created policies
and highlights main obstacles to  that promote the
critical the development of an
components of implementation effective BEMS
the BEMS of BEMS industrial
industry ecosystem.
ecosystem.
5 (Bianco The study - Use of novel - A proposal for a
etal., presents a insulating Building Energy
2020) Building Energy material and Management
Management installation of System for smart
System for a cogeneration, buildings.
smart building trigeneration, - Creation of an
that incorporates and solar optimization and
renewable technologies. simulation tool to
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No  Article Insights Methodology Contributions
energy sources - Create a manage HVAC
and an HVAC Building Energy systems.
system. Management

System to
optimize smart
building
operations.

6 (Anees For sensor nodes - The multi- A multi-disjoint
etal., in smart grids, disjoint path path opportunistic
2019) the study opportunistic node connection

proposes an node connection routing protocol
energy-efficient routing protocol that is energy-
multi-disjoint (EMOR), which efficient was
route uses little presented.
opportunistic amounts of - Increased energy
node connection energy. consumption
routing - Makes use of overall, packet
technique. buffering size, delivery rate,

working-sleeping network lifetime,

cycle, residual and end-to-end

energy, and delay.

relation factor

quality.

7 (Kuyumani The study - Examines - Looks into
et al., examines communication communication
2018) communication technologies for technologies for

technologies that use in smart use in a smart grid.
can be used in grids. - Develops a model
smart grids. - Simulation and network of
results for the communications
Additive White field for the power
Gaussian Noise system.
(AWGN)
channels are
shown.

8 (Nleya The study - Clustered and - Smart grid
etal, explores hierarchical infrastructure is
2016) improving power scheduling  divided into three

energy efficiency algorithms sub-smart
in cooperative optimize tariffs, infrastructures.

power systems
using power
scheduling
algorithms and
resource
allocation,
without
mentioning smart
grid energy-
efficiency
technologies.

storage, and
distribution,
while solar
intensity
prediction
improves
resource
allocation,
planning, and
network traffic
management.

- Power scheduling
proposal to
improve power
trade, distribution,
and storage
efficiency.

resulting in a low-cost carbon reduction transition (Gan et al., 2023).
Although comparisons of EV charging electricity prices offer valuable
insights into operational cost advantages, it is important to recognize a
number of limitations. Time-of-use pricing structures, system carbon
intensity, and geographic location all have a substantial impact on
electricity rates. Total ownership costs may also be impacted by the
availability of infrastructure, the cost of battery deterioration, and leg-
islative incentives like tax credits or subsidies. These elements should be
taken into account when interpreting the study's cost-efficiency results
since they may have an impact on their generalizability.

Table 2 lists numerous studies on clean transportation technologies
and the methodology utilized in each.

The cost-effectiveness, scalability, and effectiveness of green energy
efficiency and clean transportation solutions must all be taken into
consideration while evaluating them. Understanding each technology's
potential, constraints, and applicability in the larger framework of sus-
tainable energy management will be made easier with the aid of this
study. Table 3 provides an updated viewpoint by comparing the scal-
ability, cost-effectiveness, and effectiveness of various technologies,
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Table 2
Studies on Clean Transportation and its Relationship to Energy Management.
No  Article Insights Methodology Contributions
1 (Kene and The energy - bio-inspired - Investigates
Olwal, 2023) management of methodologies, the effects of
grid-based computational large-scale EV
large-scale intelligence charging on the
charging methods, swarm grid's electricity

2 (Wang et al.,
2023)

3 (Li et al.,
2022)

4 (Gan et al.,
2023)

5 (Zahedmanesh
et al., 2021)

stations for
electric cars is
covered in the
paper that is
being presented.

The paper
provides an
overview of
driving energy
management for
electric
vehicles,
highlighting the
efficiency
enhancement
through torque
vectoring
control
techniques and
dual-motor
coupling drive
systems.

The study looks
at the
relationship
between energy
and mobility as
well as grid-
connected
electric vehicle
battery anti-
aging energy
management.

This study
examines
energy
management
solutions for
hybrid electric
vehicles (HEV).

The study
explores the
technological
and economic

intelligence-based
optimization.

- Ant-based
swarm algorithm
using centralized,
hybrid, and
distributed
controllers.

- Evaluation of the
energy losses
associated with
driving electric
cars.

- A review of the
decentralized
drive system's
torque vectoring
control schemes
and the dual-
motor coupling
drive system's
settings and
power
distribution
methods.

- Creation of a
revolutionary
online battery
anti-aging energy
management
technique.

- GEV charging
coordination is
treated as multi-
objective learning
using the DRL
method.

The study
discusses the
development of
an energy
management
strategy using
deep
reinforcement
learning (DRL)
algorithm and its
integration with
the intelligent
transportation
system (ITS).

- Cooperative
decision-making
(CDM) approach
for the virtual

distribution
system.

- Evaluates
optimization
options for
reducing the
high cost of grid
energy use.

- A driving
energy
management
approach can
increase the
driving range of
electric
vehicles.

- Using new
multi-power
source drive
systems can
significantly
improve the
driving range of
EVs.

- Creation of an
online battery
anti-aging
energy
management
strategy for the
energy-
transportation
nexus.

- Coordination
of GEV charging
using multi-
objective
learning to
enhance
penetration of
renewable
energy sources
while lowering
battery aging
costs and power
swings.

- The work
examines the
development of
energy
management
techniques for
hybrid electric
vehicles using
deep
reinforcement
learning
algorithms.

- The study
covers the
problems and
solutions of
applying these
tactics.

- Proposed
cooperative
decision-making
technique for a
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No  Article Insights Methodology Contributions
aspects of an energy hub virtual energy
integrated solar (VEH). center.
photovoltaic - A supervisory - Creating a
system, control system supervisory
including an that employs control system
electric vehicle agents for with agents for
parking lot, bus planned CDM and  optimum energy
charging related services. management.
station, and
electric transit
system.

6 (Sabri et al., The study - Model-Based - An

2022) covers hybrid Design investigation on
electric vehicles - Fuzzy logic- the fuel-saving
(HEVs) as a based EMS potential of
clean power-split type
transportation HEVs using
technology and fuzzy logic-
investigates based EMS.
how to increase - A model-based
fuel efficiency approach with
using an nonlinear data
adaptive energy mapping
management provides more
system (EMS). output

alternatives.

7 (Teimoori and The offered - The research - Addressing

Yassine, 2022)  paper examines employs a energy
the issues and literature review constraints to
potential methodology to boost EV
remedies for examine current popularity.
energy EV energy - Developing
management in management ways to
Electric Vehicles  issues and guarantee user
(EVs), which are solutions. data privacy.

8 (Vellingiri
et al., 2022)

classified as
clean
transportation
technology.

The research
introduces a
deep learning-
based state-of-
charge
prediction
technique for
renewable
energy
management in
hybrid electric
vehicles,
enhancing
accuracy
through a
convolution
neural network
and long short-
term memory
model.

- The study also
examines the
usage of
Federated
Learning (FL) and
Blockchain
technologies to
protect
information.

- HCNN-LSTM
model with
Barnacles mating
optimizer (BMO)
for
hyperparameter
optimization.

The
establishment of
a novel DLSOC-
REM approach
for estimating
SOC in HEVs.

- Create a hybrid
convolution
neural network
and long short-
term memory
(HCNN-LSTM)
model for
precise SOC
estimate.

depending on recent research.

Due to their potential to lower greenhouse gas emissions and reliance
on fossil fuels, clean mobility technologies—especially electric vehicles
(EVs)—represent an essential part of sustainable energy systems. How-
ever, energy storage capacity, integration with renewable energy sour-
ces, and the availability of charging infrastructure all have a significant
impact on their efficacy. EVs provide lower operating emissions and
more energy efficiency as compared to conventional transportation
systems, but their widespread use presents new difficulties for electrical
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Table 3
Comparative Analysis of Green Technologies.
Technology Efficiency Improvement (%) Effectiveness Cost-Efficiency Scalability References
Smart Grid 20-30% decrease in peak increases the flexibility and High starting expenses but High scalability, necessitates (Bilgin et al., 2016;
Systems demand reliability of the grid. long-term cost-effectiveness. updating infrastructure. Dibangoye et al.,

Energy-Efficient
Appliances

Building Energy
Management

Electric Vehicles

Hybrid Energy

10-25% decrease in
consumption of energy

15-35% increase in energy
efficiency

60-70% more energy-efficient
than Internal Combustion
Engine vehicles

30-50% energy savings in

Directly lowering operating
expenses and energy
consumption

efficient at lowering
building energy
consumption.

Increases range and
efficiency while lowering
emissions.

Reduces heating/cooling

short payback times as a result

of energy savings.

Moderate expenses and long-

term savings.

Decreasing costs, high initial
investment.

High (cost-effective, low
maintenance for passive
heating and cooling)
Moderate (requires spending
money on several systems)

Both the commercial and
residential sectors can readily
adopt it.

Scalable but requiring
investments in retrofits.

High scalability with
infrastructure development.

Moderate (optimal for
specific uses)

Moderate (Effective for off-
grid or rural locations)

2015)
(Wang et al., 2017;
Ismail et al., 2023)

(Naylor et al., 2018;
Shaikh et al., 2016)

(Mathiesen et al.,
2015)

(Ma et al., 2021)

(Farid et al., 2021)

Systems hybrid setups energy demand.

Phase Change 20-40% improvement in (Enables greater renewable
Materials thermal efficiency integration)
(PCMs)

grids, such as higher demand and possible peak load pressures.

By allowing EVs to act as distributed energy storage devices, inte-
gration with smart grid technologies and vehicle-to-grid (V2G) systems
can help reduce these difficulties. By enabling bidirectional energy
flows, this integration increases the overall efficiency of energy systems
and supports grid stability. Therefore, in addition to increasing vehicle
efficiency, successful implementation of sustainable transportation
technologies depends on their coordinated integration with larger en-
ergy management infrastructure.

Through enhanced monitoring and demand-response mechanisms,
smart grid technology can cut transmission and distribution losses by
roughly 10-15% (Bilgin et al., 2016). Optimizing energy consumption
and distribution requires the use of energy efficiency technology,
especially smart grid systems. The technologies provide notable ad-
vantages in terms of lower operating expenses and improved grid sta-
bility. Modern lighting technology and energy-efficient appliances both
provide significant energy savings and are easy to use widely (Naylor
et al., 2018). Clean transport technologies, especially electric vehicles,
can effectively reduce emissions and dependence on fossil fuels. Electric
vehicles are becoming more affordable and scalable as more charging
stations are delivered. Fuel cell cars are more expensive than electric
cars, and despite their potential, there are infrastructure issues
(Mathiesen et al., 2015). Although green energy efficiency technologies
can save money over time by reducing energy bills, they can be
expensive up front, especially for complex systems such as building
energy management technologies. But as energy savings increase, these
solutions become more and more affordable. On the other hand, clean
transport technologies are initially more expensive, especially when it
comes to the price of buying vehicles and building the necessary infra-
structure, such as charging stations. The initial cost of ownership re-
mains a significant barrier to the widespread use of electric vehicles,
despite the fact that they are generally cheaper to operate than con-
ventional vehicles.

Efficiency can be increased by up to 50% by using hybrid energy
systems that incorporate renewable energy sources like wind and solar.
Due to their complex maintenance and control systems, they can prevent
scaling as well as increase energy reliability. By developing climate-
adapted hybrid models and complex control algorithms, efficiency and
cost-effectiveness can be increased (Ma et al., 2021). PCMs are very
useful for increasing thermal efficiency in solar panels and buildings, as
they have been shown to increase energy efficiency by 25-40%. How-
ever, their integration is hindered by material costs and a lack of con-
sumer knowledge. Their adoption can be sped up by encouraging
research into affordable PCM solutions and including these materials in
green building guidelines (Zhao et al., 2020).

4. Challenges and barriers

Sustainability and environmental impact reduction need the use of
green technologies into energy management plans. To fully utilize these
technologies, a number of obstacles and challenges must be removed.
These difficulties include infrastructure constraints, legislative barriers,
and expensive startup expenses in addition to technical intricacies. In
order to properly utilize the advantages of green technologies and
realize a sustainable energy future, these obstacles must be removed, the
Table 4 offers a thorough summary of the current state of green tech-
nologies by thoroughly analyzing these issues and suggesting potential
solutions.

The main barriers and challenges that prevent the implementation of
green technologies are shown in the table. One of the main difficulties to
the widespread use of green energy efficiency technologies is high
upfront expenses. Organizations may find it challenging to invest in
cutting-edge technologies like energy-efficient industrial processes and
smart building management due to these costs. Adoption is further
hindered by the technical complexity of integrating these systems,
which requires a level of experience that many businesses may not have.
Regional standards and compliance requirements are examples of reg-
ulatory barriers that increase complexity and can cause implementation
delays and increased costs (Kuzior et al., 2023). Among these, smart grid
technologies stand out for their ability to optimize energy use and dis-
tribution. Clean transportation technologies, including fuel cell vehicles,
electric vehicles (EVs) and hybrids, face challenges such as infrastruc-
ture development, pricing and customer engagement. Recent advances
in battery technology and increasing government subsidies are
removing some of these barriers, making EVs more competitive
(Shafie-Khah et al., 2016). Electric vehicles are particularly noteworthy
because they reduce greenhouse gas emissions directly from the trans-
port sector.

Traditional and renewable energy sources are used in hybrid energy
systems, which present complicated control system needs and mainte-
nance difficulties. By developing user-friendly control algorithms and
user interfaces, operators can increase system performance and reli-
ability. In addition, the development of climate-adaptable hybrid
models will improve scalability and performance (Lii et al., 2020). PCM
offers much promise for improving solar panel and thermal reactor
thermal efficiency. However, low awareness and concerns about mate-
rial costs have prevented widespread use. Funding research and devel-
opment to produce more economical and thermally efficient PCM
formulations can promote their use. Promoting PCM-integrated con-
struction designs will also facilitate the use of these materials in sus-
tainable construction practices (Chibani et al., 2023).
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Table 4
Challenges, Barriers, and Proposed Solutions in Green Technologies.
Green Challenges and Barriers Proposed Solutions References
Technology
Smart Grid High initial cost, cybersecurity, difficult integration, difficult Government support and incentives, cutting-edge cybersecurity (Dileep, 2020)
Systems regulations, and worries about data privacy. precautions, scalable and modular integration solutions,

Energy-Efficient
Appliances

The high initial cost of energy-efficient equipment can potentially
discourage its adoption, especially in households with lower
incomes and Customers may lack knowledge on energy savings
opportunities or the benefits of energy-efficient products.

High initial costs for technologies and materials used in energy-
efficient construction, opposition to departing from traditional
building techniques, blending in with the current buildings.
High starting costs, the infrastructure needed for charging, the life

Building Energy
Management

Electric Vehicles

(EVs) span and range of batteries, the source of raw materials, and
customer acceptability.
Hybrid Energy Inconsistent renewable energy sources, complicated control
Systems systems, maintenance difficulties, a lack of technical know-how,
and increased installation prices.
Phase Change Lack of knowledge about the advantages of PCM, issues with
Materials large-scale integration costs, and the availability of appropriate
(PCMs) PCM materials with the required thermal characteristics

encouraging legislative environments, and strong data privacy
laws.

To help with the initial expenditures, implement refunds, subsidies,
or low-interest borrowing.

Improve consumer knowledge by using clear labeling guidelines
and awareness programs.

Analysis of long-term cost reductions and funding alternatives,
Training and instruction for architects and builders, Government
incentives and retrofit solutions.

Increased charging networks, government incentives, advances in
battery technology, the procurement of sustainable raw materials,
and consumer education initiatives.

Construct control interfaces that are easy to use and hybrid models
that are tailored for different climates.

(Hesselink and
Chappin, 2019)

(Al-Rakhami
et al., 2019)

(Shafie-Khah
et al., 2016)

(Ma et al., 2021)

(Chibani et al.,
2023)

Invest in R&D to create better PCM formulations and encourage the
use of them in environmentally friendly building techniques.

5. Future research directions

The development of energy-efficient technologies, especially inno-
vative materials, intelligent sensors and Internet of Things-based sys-
tems that optimize energy use in real time, should be the main effort in
future energy management and energy efficiency research. Next-
generation clean transport options such as vehicle-to-grid systems and
improved battery technologies also require more study. Creating a
comprehensive framework for energy management that includes storage
devices, renewable energy and energy efficient technology is also
important. The usefulness of laws and regulations promoting sustainable
energy consumption, as well as social and behavioral factors influencing
green technologies, should also be examined. Keeping these issues in
mind.

6. Conclusion

The findings of this study have direct implications for energy policy
and sustainable development planning. Integrated energy management
systems support the achievement of Sustainable Development Goal 7
(affordable and clean energy) by increasing efficiency and renewable
access. They also contribute to SDG 9 (industry, innovation and infra-
structure) through the modernization of smart grids and SDG 13
(climate measures) by reducing greenhouse gas emissions in many sec-
tors. Policymakers can leverage these integrated frameworks to design
incentive mechanisms, optimize investments in grid infrastructure, and
accelerate the transition to clean transportation while ensuring energy
access and economic feasibility.

This paper's thorough analysis highlights how crucial it is to incor-
porate green energy efficiency technologies and clean transportation
choices into a broader framework for sustainable energy management.
Energy-efficient appliances, sophisticated energy management systems
in buildings, and smart grids have been shown through studies to play a
significant role in optimizing energy use, which reduces greenhouse gas
emissions and improves resource efficiency. Furthermore, it has been
shown that clean transport technologies such as fuel cells, hybrids and
electric cars are essential for reducing carbon emissions and reducing
dependence on fossil fuels.

Comparative analysis has shown that although clean transport sys-
tems and green energy efficiency technologies both have significant
advantages, they differ in terms of cost and scalability. Energy-efficient
solutions have proven to be more scalable and cost-effective in the long
run across various industries, while they initially require capital

12

expenditure. In contrast, clean transport technologies are more expen-
sive to begin with and present structural problems, but due to the ben-
efits to society and the environment, they will be an important part of
energy management plans in the future. Complementary technology
integration is another important strategy. For example, connecting
electric vehicles (EVs) to smart grids has been shown to increase
demand-side efficiency and grid stability by 20%. In addition, spending
money on PCM for thermal storage can reduce energy waste in heating
and cooling operations and increase the energy efficiency of thermal
reactors and solar panels by 30-40%. Although these technologies have
much in common in terms of efficiency, cost and scalability, the
comparative analysis conducted for this research also showed that they
have much in common. Three main barriers to general adoption of these
technologies have been highlighted: high initial prices, technical limi-
tations and regulatory barriers. However, the paper also provides
practical answers to these problems, and highlights the need for
continuous innovation, legislative support and interdisciplinary collab-
oration. The article concludes that a sustainable energy future can only
be achieved by combining green energy efficiency technologies with
clean transport options. The study's findings provide useful information
that can guide future research, policy formulation and the use of energy
management technology that puts sustainability, flexibility and effi-
ciency first. Interested parties can work together to create a more effi-
cient and sustainable energy environment that meets the demands of
current and future generations by identifying and addressing recognized
constraints and problems, as well as putting proposed solutions into
practice.

The practical application of this study lies in providing guidance for
policymakers, engineers, and urban planners to implement integrated
energy management systems by selecting appropriate combinations of
smart grid technologies, energy-efficient appliances, thermal manage-
ment solutions, and clean transportation systems for sustainable energy
development.
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