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Abstract: Demand-side management (DSM) with Internet
of Things (IoT) integration has become a vital path for optimizing
photovoltaic (PV) power generating systems. This systematic
review synthesizes and evaluates the latest advancements in
IoT-based DSM strategies applied to PV power generation. The
review encompasses a comprehensive analysis of recent litera-
ture, focusing on the key elements of IoT implementation, data
analytics, communication protocols, and control strategies in
relation to solar energy DSM. The combined results show how
IoT-driven solutions are changing and how they might improve
PV power systems’ sustainability, dependability, and efficiency.
The review also identifies gaps in current research and proposes
potential avenues for future investigations, thereby contributing
to the ongoing discourse on leveraging smart DSM in the solar
energy domain using IoT technology.

Keywords: demand response, Internet of Things, load sche-
duling, solar power generation, prediction, demand-side
management, machine learning, renewable energy

1 Introduction

As global energy demand continues to rise, effective energy
utilization has become paramount. Demand-side management
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(DSM) is a key component of the smart grid, offering
methods to modify long-term power consumption patterns
(Ahmad et al. 2022). DSM strategies focus on enhancing
energy efficiency, reducing costs, and minimizing waste by
redistributing energy consumption from peak to off-peak
hours. Smart grids employ DSM operations to manage end-
user load profiles for efficient power utilization (Ahmadi
et al. 2020). Traditional grids face challenges integrating DSM,
renewable energy sources (RERs), and emerging technologies.
Smart grids address these issues by incorporating energy sto-
rage technologies, smart meters, and distributed generation to
meet future power requirements (Alkhatib et al. 2021). Smart
grid technology facilitates interaction among utilities, consu-
mers, and control centers, allowing electricity providers to
optimize energy use patterns through proper DSM implemen-
tation (Aguilar et al. 2020). The coordination between utilities,
demand response aggregators, and customers is structured in a
three-layer model for day-ahead DSM, aiming to maximize
providers’ profit, minimize operating costs, and maximize
net benefits (Agyemang et al. 2021).

To optimize energy consumption, a multi-objective pro-
blem is formulated and solved using an artificial immune
algorithm, ensuring that the objectives of utilities, consu-
mers, and demand response aggregators are met (Aliero
et al. 2022). Additionally, a clustering study and particle
swarm optimization K-means approach are employed to
identify energy use trends and propose a suitable model
for DSM. In a liberalized energy market, inter-supplier coop-
eration mechanisms among DSM users within low voltage
(LV) networks are proposed (Baidya et al. 2021). A decentra-
lized optimization algorithm defines energy consumption
schedules for flexible appliances, ensuring fair cost distribu-
tion after establishing Nash equilibrium (Baneshi et al.
2020). For the purpose of monitoring shifts in consumer
preferences and energy costs, a completely distributed and
independent DSM architecture is used, resulting in a more
dependable and effective system (Bashir et al. 2021).

For industrial loads, DSM programming demonstrates
improvements in load factor, peak demand reduction,
and end-user savings (Benavente-Peces 2019). The study
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suggests the use of dynamic thermal rating (DTR) systems
and DSM methodologies to overcome challenges posed by
rising energy demand (Bhat et al. 2020). Reliability of the
transmission network is the primary focus in examining
various DSM approaches and their interaction with the
DTR system (Chen et al. 2020). The efficacy of DSM is con-
tingent on comprehensive data on consumer consumption.
Utilities can gather consumption data to create customized
DSM programs with the use of advanced metering infra-
structure (Daissaoui et al. 2020). However, challenges related
to smart meter data quantity in DSM and load forecasting
systems are addressed to deliver more accurate and
straightforward load profiles (Dave et al. 2020).

Earlier DSM systems overlooked the statuses of other
distribution network components by treating each element
as a hierarchical actor (Dharmadhikari et al. 2021). A com-
bined intention protocol is proposed to facilitate information
exchange among hierarchical levels, emphasizing the devel-
opment of effective communication protocols for energy con-
trol (Divina et al. 2019). A multi-time scale DSM scheduling
system is presented, considering week-ahead and day-ahead
scheduling, incorporating dynamic scenario-building strate-
gies to address load unpredictability (Dong et al. 2019). In
autonomous DSM, customer participation is crucial for con-
vergence, with a gradual convergence rate aiming to lower
system costs for a significant number of users (Dos Santos
et al. 2021) (Table 1).

The research content for DSM optimization solutions is
presented in this article. Figure 1 is an illustration of the
article’s organizational structure. Section 3 offers a suc-
cinct summary of DSM application in microgrids, whereas
Section 2 explores the categorization of DSM techniques.
Sections 4 and 5 examine how distributed energy resources
(DERs), battery storage, RERs, and electric vehicles (EVs)
are affected by DSM. An extensive summary of several
optimization techniques for DSM implementation is pro-
vided in Section 6. Section 7 discusses research challenges
and possible directions for further inquiry, while Section 8
concludes the survey (Figure 2).

2 Classification of DSM methods

End users or utilities may implement DSM measures with
utilities often utilizing favorable tariff incentives to encou-
rage customers to alter their consumption patterns. By
aligning demand activities with periods of lower power
costs, users can reduce their energy expenses, and utilities
benefit from reduced demand during peak times (Eisen
and Ribeiro 2020). The categorization of DSM technique
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types includes Energy conservation techniques and strate-
gies for load management (Eini et al. 2021). DSM techniques
prioritize reducing energy costs, reducing peak demand,
raising the peak-to-average ratio, and reducing user dis-
comfort by encouraging local energy use and modifying
user behavior (Farao et al. 2021). Primary goals of DSM
encompass minimizing client discomfort, maximizing local
energy production, lowering peak demand, maximizing
the ratio of peak to average demand, and cutting down
on power expenses (Farzaneh et al. 2021).

2.1 Energy conservation techniques

Figure 3 provides insights into energy conservation techni-
ques. In a study focused on controlling non-flexible power
demand in smart grids for academic buildings (Ghorba-
nian et al. 2021), an optimization technique employing
Integer linear programming and a fuzzy controller was pro-
posed. This method utilizes human-like reasoning to regu-
late non-flexible loads based on the convenience level of one
appliance affecting others (Ghosh and Saha 2021). Maxi-
mizing non-flexible loads reduces overall power usage while
maintaining user comfort. The intention is to reduce the
equation for energy consumption in academic buildings.

N
Mim} (1~ (cis)/p, )

s,
where p; and ¢; stand for an appliance’s power consump-
tion at any given moment and its level of convenience,
respectively, in a set of appliances, i denotes a specific
appliance, and s; denotes the switch control for that appli-

ance (Gomez-Quiles and Valdivieso-Sarabia 2019).

The potential for energy-saving techniques as a DSM
approach in economically disadvantaged nations is explored
as a financially viable and successful option (Guo et al. 2020).
The research indicates a substantial 50.7% reduction in energy
demand when consumer behavior, contributing to decreased
energy consumption, is integrated as a demand response
strategy. The challenge of demand-side management (DSM)
in home area networks (HANS) is addressed, offering a solu-
tion based on "multi-agent deep reinforcement learning in
real-time." This technique is designed to effectively navigate
the complexities of DSM in HANs (Hammad et al. 2021).

The optimal regulation of temperature, energy supply,
and price is the aim of the suggested energy management
(EM) system. A thorough analysis is carried out to investi-
gate the possible effects of price adjustments on the pro-
posed algorithm. The DSM approach used in this study
encourages a decrease in home energy use over a
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Table 1: Comparative analysis of current and existing research

Sl. No.  Author Scope of the article Contributions
1 Khedkar et al. (2021) Applications for Internet of Things (IoT) and IoT applications have discussed their reliance on the
associated issues that need to be resolved. The year’s largest number of citations. Other important
issues displayed in the lesson are not in the domain  references relating to all IoT applications have been
included because of their excellent contributions to
the field of research
2 Karim et al. (2020) IoT technology applications include issues with Communication technology, comparative research
communication networks and privacy detection of communication data technology utilized
in an assortment of IoT applications, as well as future
techniques and areas for improvement
3 Jiang et al. (2019) Different factors necessary to make IoT IoT is made possible by communication devices and
communication possible. IoT applications’ Cloud their appraisal based on a variety of factors. On the
server synchronization with IoT problem other hand, the Researcher who saw on the start of the
simulation or a synchronized, specific location of trial
and error
4 Divina et al. (2019) Various IoT applications have been available Advanced technology was employed to overcome the
throughout history. Challenges faced during the difficulty and possibility of modernization and
implementation of multiple IoT projects enhancement in the future idea and opportunity of
the day
5 Jakkala et al. (2020) Predicted application domains for IoT components Highlights of the proposed research include: IoT
include the utilization of sensors and actuators. applications and components
6 Hassan et al. (2021) IoT-supporting architectures, IoT communication Depending on how they are used in the IoT, sensors
technologies and actuators are categorized. Time series aided in the
development of newer and newer values for the IoT
technology for communication
7 Haider et al. (2021) Architecture, protocols and elements used, Specific IoT objectives are classified based on an
communication standards and challenge in IoT architecture that can be generated or industrial
recognition and custom of IoT elements. The issue’s
IoT challenge and the technique utilized to resolve it
8 Gomez-Quiles and IoT challenges Various IoT applications at the core of a variety of
Valdivieso- parameters challenge in IoT
Sarabia (2019)
9 Ghorbanian IoT advancement for waste management is an issue  Every possible application in the smart city area is
et al. (2021) in IoT covered by IoT methods and implementations. IoT
Challenges
10 Farzaneh et al. (2021) IoT middleware problems and issues encountered An in-depth look at the IoT in the present day
while using middleware
N Eisen and For secure communication, different symmetric and  Distinct aspects and challenges encountered when
Ribeiro (2020) asymmetric cyphers are used using technology for communication
12 Eini et al. (2021) Real-time IoT analytics methodologies need handling  Problems encountered during the performance data
challenges with real-time analytics during real-time in real time. The article discusses how to discover
data collecting advanced RT/SB approaches to use in various
applications. The challenges have been highlighted,
and the research is not simply limited to IoT real-time
analytics
13 Dong et al. (2019) Smart switches that actively monitor each load’s Grid-based DRM systems and solar power are
energy use, available power, and other criteria in synchronized
order to transition connecting RERs
14 Dave et al. (2020) With the use of several settings, including those In the energy sector, the digital world through IoT
involving the customer console and precedence surroundings has thus achieved many advances in
factors, the data are gathered; IoT integration is also  terms of dependable data collecting, remote
being developed for user tracking monitoring, and control
15 Chen et al. (2020) The IoT is gaining traction thanks to internet- Energy harvesting and subsystems for IoT networks

connected items (IoT). It was a decentralized network
made up of scalable, lightweight, low-power nodes

have been developed to address the challenge of
delivering energy consistently and reliably. To achieve
this, issues related to IoT energy harvesters must be
addressed. Evaluation of various harvesting systems

(Continued)
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Table 1: Continued
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Sl. No.  Author Scope of the article Contributions
and distribution methodologies has been conducted
to identify potential solutions
16 Rao et al. (2022) An electronic module known as a sensor detects the In addition to implementing voltage and current
system’s characteristics and transmits the sensors in real-time, this article discusses the
information to the control station properties of sensors and how they are used at
different phases of the solar energy generating system
17 Bashir et al. (2021) Smart socket for collecting and transferring data The data are analyzed by the system, which then

from nodes in the field to nodes in another field

generates control commands to switch on or off the
devices connected with the smart plug

predetermined time frame. We use deep reinforcement
learning to tackle this problem. The user’s decision-making
dilemma is modeled by means of a “Markov decision pro-
cess (MDP).” The goal is to choose the MDP’s best course of
action, as shown by the following equation, in order to
maximize the expected total reward, or E (Table 2).

Introduction

—— Types of DSM Methods

Y Yiu(s(t), a(t))|. )
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To mitigate peak load demand and overall electricity
costs across three primary client categories residential,
commercial, and industrial, an available solution is the
Back Tracking Search Algorithm (Hossain and Fotouhi

DSM in Microgrid

:} Energy Reduction Methods |

—>| Loads Management Methods |

Battery Storage

DSM in systems with RERs,DERs,and

DSM in systems with Electric
Vehicles

Techniques for Implementing
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Open research issues and future
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Conclusion

Figure 1: The structure of the article (Ghorbanian et al. 2021).
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[41,[6],[15],[16],[18],[21],[22],

[41,[32],[38],[39],[40],[41],[44],
[451,[491,[50],[52],[53],[54],

[23],[25],[271,[29],[30],[31],[39],
[431,[44],[47],[49],[52],[53],[54],
[551,[56],[571,[61],[63],[64],[65],

[6],[15],[19],[21],[23]2,[7],[28],
[291,[31],[32],[53],[551.[65],
[66],[67],[69],[77],[80]

[55],[56],[61],[71],[76],[77],[81]

[66],[68],[69],[701,[711,[72],[74],
[76],[77],[79],[80],[81]

[151,[22],[301,[391,[57],
[63],[68],[70L,[711,[72],
(81]

Figure 2: The optimization objectives in DSM (Khademi et al. 2021).

2020). The proposed method represents an enhancement
over the differential evolution (DE) process, specifically
addressing the day-ahead scheduling of load DSM pro-
blems. The authors introduce a technique for multi-objec-
tive optimization (MOO) in DSM problems (Huang and Liu
2019). The cost of energy for a single day is computed
through a discrete time-changing model. Schedules with
manageable loads are generated using a greedy search
approach, considering loads with varying average power
density and limited on-time windows (Hussain et al. 2021).
When the proposed approach is implemented successfully,
all loads are scheduled, which lowers the cost and peak-to-
average power ratio (PAPR). The following equation may
be used to formulate the MOO for DSM problem:

muinf(u) = fi(u) x f2(uw), 3)

[131,[15],[16],[23],[30],[32],
[391,[521,[54],[64],[66],
[68],[69],[72],[79]

where (1) can be seen as a matrix reflecting a home EM
system-controlled equipment schedule, and the goal func-
tions. The term “flu) minimization” denotes the simulta-
neous minimization of each vector element while using
the metrics “f1” for the energy cost and “f2” for the PAPR
(Jakkala et al. 2020).

A unique home DSM system is shown in Figure 4. It is
based on a clever load control technique that is applied on
a half-hourly basis and has access to a variety of power
consumption limits (PCLs) (Jayaraman et al. 2021). Real-
time loads, user preferences, and comfort are all taken
into account in the design. Time-of-use (ToU) pricing is
used to evaluate how user choices affect demand response.
The results of a traditional load management strategy that
depends on predetermined PCLs are contrasted with those
of the proposed control technique. The following equation
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Efficient Lightning
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Install solar water heaters and double
glazing windows
\ 4
Look for sealing and insulation < | | Household and
Building

Replace outdated appliances with
efficient ones <

Run washing machines, dryers, etc
only with a full load

A

A

Efficient Lightning

Figure 3: The tips for conserving energy (Li et al. 2020).

serves as a mathematical representation of the optimiza-
tion problem:

T
]r = ZP,E x Clt“oU' @

t=1
For scheduling loads throughout the day, a DSM strategy
based on the latent Dirichlet allocation method is provided.
Using a cost function and the probability density function of
consumer appliance usage patterns, this method shifts loads.
The primary objective of demand-side management (DSM) is
achieved through the implementation of load-shifting strate-
gies aimed at reducing costs (Kaddoum et al. 2021). Test
findings indicate that employing the load-shifting approach
effectively reduces the cost of power consumption, and uti-
lizing a MATLAB-created neural network further diminishes
the mean square error. Another application of the DSM
approach focuses on a distribution network in three phases

for flexible load scheduling. Beyond other DSM objectives,
the primary aim is to efficiently address operational limit
breaches (Karim et al. 2020). The effectiveness of the recom-
mended strategy is evaluated through a case study on
market scheduling, illustrating the concept’s application to
mitigate high and over voltages. Market planning for mini-
mizing both low and high voltages is exemplified through a
case study aimed at reducing costs and peak load demand
(Khademi et al. 2021).

m N ni
min Y Chy| Y Y PIXG| ©®
k=1 i=1j=1

The following is the formulation of the optimization
problem: when the appliance is in the on state, Xl§ itis 1,
and when it is off, it is 0. The genetic algorithm (GA) is used
to solve this issue. The emphasis (Khedkar et al. 2021) is on
reducing the maximum load in residential areas by
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Figure 4: The concept of load shaping (Li et al. 2021): (a) Peak clipping, (b) Valley filling, (c) load shifting, (d) flexible load shaping, (e) strategic growth,

and (f) conservation.

utilizing the load-shifting DSM technique. Hourly moni-
toring is done on four main categories of loads: total
load, cooling and heating, white appliances, and entertain-
ment. Each of these loads has a particular pattern of energy
use. Peak load is significantly reduced when the load-
shifting DSM technique is used (Kim et al. 2021). Addressing
the DSM challenge to lower peak energy consumption and
electricity costs, the load-shifting approach is employed in
conjunction with the MATLAB GUL The suggested software
allows users to compute their total expenses based on
energy usage. This is achieved by scheduling household
appliances for off-peak and peak times. Utilizing DSM mod-
eling and the daily load-shifting approach, a minimization
problem that accounts for user conveniences is formulated
(Krishna Rao et al. 2023). The optimization process involves
the use of the “Symbiotic Organisms Search (SOS) algo-
rithm.” Simulation results demonstrate that, compared to
various other techniques, the combination of DSM with
the SOS algorithm achieves greater precision in reducing
peak load. Equation (6) expresses the objective problem,
while equation (7) describes the daily electricity bill (Kong
et al. 2019).
N=24

min ) (P'- T, (6)
t=1

N=24

minj= ) Py @)
t=1

The objective curves value at time ¢ is known as T of ¢.

District heating systems undergo DSM through sub-
station regulatory plan control or load shifting. A substa-
tion controlling technique called “Differential of Return
Temperatures (DRT)” is used to reduce thermal peaks
without sacrificing interior comfort levels. Peak load
reduction, entails load transfer to decrease peak times,
flatten the load curve, and minimize the requirement
for peak load. Research on the impacts of the Integrated
Electricity and Gas System (IEGS), employing DSM mea-
surements was conducted by Kwon and Kim (2020). The
optimal scheduling of IEGS leads to an overall cost reduc-
tion, accounting for DSM compensation, operational costs,
carbon emission costs, and investment costs. The study also
provides typical operating constraints for the safe operation
of gas and electrical networks. The specific problem is out-
lined in

o Iy Doy Dlfggm (Dea (0
minf=) p(l " dr)r .

T

8

As proposed by Lee et al. (2020), DSM is used to reg-
ulate power electronic loads (PELs) in order to lower the
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system’s running expenses. The bus voltage is determined
by modeling the PELs as variable resistors in this study.
The best voltage solution for managing the PELs and redu-
cing system expenses is then determined using a DSM
procedure. The goal of the objective issue, which is to
determine the optimal bus voltage V that lowers overall
system costs is characterized as a minimization problem
(Lee et al. 2020).

3 DSM techniques in microgrid

For the operation of a microgrid, a smart electrical network
or large generators may not be necessary. A microgrid
operates in two modes: synchronized with the electrical
grid when connected, and autonomous (Lee and Kim
2021). Serving neighboring consumers, a microgrid sup-
plies electricity from integrated DERs and serves as a local
energy source. Future electrical systems are expected to
incorporate microgrids, with ongoing efforts to enhance
their operation (Li et al. 2019). For the purpose of micro-
grid EM, many DSM programs are in place. A previous
study investigated how DSM procedures impact Evs dis-
tributed at customers’ sides in a single LV microgrid.
The objective is to assess how user-side control activities
influence the isolated microgrid’s functionality. It also
examines how non-coordinated DSM operations affect
the microgrid’s peak power, voltage dips, and energy
losses. Using the Neplan environment to build a suitable
microgrid model and a MATLAB-developed Monte Carlo
approach, the study evaluates end users’ daily regulated
load profiles, considering seven different options. The ana-
lysis reveals a reduction in energy loss, with voltage drop
and peak power consistently within authorized levels. The
presence of photovoltaic (PV) plants is identified as a factor
contributing to energy loss (Li et al. 2021). The study’s find-
ings provide valuable insights for operators of distributed
systems operating in fully automated settings.

Li et al. (2021) proposed a real-time DSM system with
two stages for microgrids, considering uncertainty and sche-
dulable ability (SA). The system introduces an internal pri-
cing approach to reduce operational expenses and maintain
power balance.

T-1

]Th + Z](Thnh) ’ ©)
h=1

min J = min

In the second stage, Response Executors (Res) are
equipped with a model for schedulable abilities (SA) and
a technique for measuring SA to better accommodate

Recent advances in IoT-based DSM for PV power generation: A systematic review == 9

uncertainties (Zhao et al. 2021). The SA assessment system
utilizes historical information and real-time data from Res,
facilitating a more agile allocation of authority among
response executors online. A previous study introduced a
DSM strategy to ensure that the microgrid’s predicted day-
ahead energy supply can meet the current demand, taking
into account customers’ anticipated aggregate load require-
ments. Users employ various methods, such as stored energy
and renewable power, to charge or discharge their EVs.
Customers face penalties if their actual load demand devi-
ates from the projected demand (Lin et al. 2021). Lin et al.
(2021) proposed a real-time DSM approach for a microgrid
connected to RERs. The algorithm aims to maximize cus-
tomer satisfaction while minimizing costs. Equation (10),
which expresses the utility maximization technique, is
offered as a way to minimize the overall cost of energy
while increasing supplier and user satisfaction. This
methodology is implemented on a per-user basis.

max ) U(t) - J(t).

Power scheduling, considering variable loads, is employed
to minimize power consumption fluctuations. The proposed
DSM approach prioritizes simplicity over complex algorithms.
Wu and Zhang (2021) introduced an electric spring to control
demand and eliminate voltage swings in microgrids due to
RERs, maintaining constant voltage for critical loads. Three
control scenarios demonstrate the effectiveness of the pro-
posed approach. A previous study utilized direct load control
and automated generation control for microgrid frequency
changes.

A microgrid EM system (G) (Ma et al. 2019) suggests
optimized storage management in the presence of DGs,
reducing grid load and consumption prices. A demand
response management (DRM) system involves service pro-
viders at various energy grid levels for mutual benefit. In
the integration of RER on consumer properties, Ma et al.
(2020) proposed a resource scheduling system, optimizing
energy usage cost-effectively and suggesting a battery sche-
duling technique. The impacts of solar and wind energy on
distribution system operators (DSOs) and DSM are exam-
ined by Ma et al. (2020) with a focus on lower DSO costs and
higher DSM value and a stochastic multi-objective linear
programming model for DERs scheduling that is ideal is
presented.

Energy hubs aim to interconnect energy carriers, using
renewable sources like solar PV and windmills, reducing
greenhouse gas output. Mahmud et al. (2020) suggested stra-
tegies for residential applications with integrated renewable
energy, considering loads, costs, and flexible generation. The
incorporation of renewable energy in electricity grids

(10)
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increases operating costs prompting a technique using demand
response for electricity changes. Meng et al. (2020) emphasizes
production planning and reserve market participation for eco-
nomic potential. Miao et al. (2019) provides architecture for EM,
employing ToU pricing and DSM to cap energy use. The focus is
on maximizing customer satisfaction and minimizing energy
costs through effective scheduling. This involves proposing
real-time electricity scheduling (RTES) in smart homes using
evolutionary algorithms. A DSM methodology for smart grid-
connected homes with distributed generation, utilizing Al for
battery management to lower customer power costs is intro-
duced by Mohammadi and Sadeghi (2019). In smart energy
management (SEM) systems for PV generation, renewable
sources gain significance due to reduced fossil fuel usage. An
intelligent system for daily planning and precise energy fore-
casting is developed. The intelligent smart energy management
system (ISEMS) employs forecast-based DSM, IoT for data col-
lection, and solar energy generation in a smart grid environ-
ment (Nair and Devassy 2021).

3.1 SEM systems used for PV generation

With the decrease in the usage of fossil fuels diminishing
the world's energy production capabilities, renewable
sources have gained more significance in the power sector.
They are increasingly vital to meet the escalating demands
of customers and the necessity for dependable, economic-
ally feasible energy supply (Nardelli et al. 2020). A new
grid-connected system needs a small amount of PV storage
capacity. Due to their discontinuous and extremely impul-
sive nature, RERs are frequently difficult to understand in
terms of their potential advantages. To address this issue, an
intelligent system of daily planning and precise energy
accessibility forecasting is being planned and developed
(Nguyen et al. 2020). An ISEMS was developed as part of
this endeavor with a focus on renewable energy to control
energy demand in a smart grid environment (Niu et al.
2020). The ISEMS” demand-side EM architecture makes it
possible to employ RERs (Niknam et al. 2021). ISEMS is
made up of a forecast-based ISEMS, an IoT environment
for customer data collection on energy usage and con-
sumption, and solar energy generation and data collec-
tion. Power scheduling, considering variable loads, is
employed to minimize power consumption fluctuations.
The proposed DSM approach prioritizes simplicity over
complex algorithms. Pal et al. (2021) introduced an electric
spring to control demand and eliminate voltage swings in
microgrids due to RERs, maintaining constant voltage for
critical loads. Three control scenarios demonstrate the
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effectiveness of the proposed approach. A previous study
utilized direct load control and automated generation
control for microgrid frequency changes.

A microgrid EM system (G) suggests optimized storage
management in the presence of DGs, reducing grid load
and consumption prices (Pan et al. 2020). A DRM system
involves service providers at various energy grid levels for
mutual benefit (Perumal et al. 2021). In the integration of
RERs on consumer properties, proposed a resource sche-
duling system, optimizing energy usage cost-effectively and
suggesting a battery scheduling technique. The effects of
wind and solar energy on DSM and DSO were explored,
emphasizing increased DSM value and reduced DSO cost.
In the literature, introduced a stochastic multi-objective
linear programming model for optimal scheduling of
DERs was introduced. Energy hubs aim to interconnect
energy carriers, using renewable sources like solar PV and
windmills, reducing greenhouse gas output. Priyakumari and
Mishra (2021) suggest strategies for residential applications with
integrated renewable energy, considering loads, costs, and flex-
ible generation. The incorporation of renewable energy in elec-
tricity grids increases operating costs prompting a technique
using demand response for electricity changes. Rajasekaran
et al. (2019) emphasized production planning and reserve
market participation for economic potential. Ramachandran
et al. (2021) provided architecture for EM, employing ToU pri-
cing and DSM to cap energy use. The focus is on maximizing
customer satisfaction and minimizing energy costs through effi-
cient scheduling strategies. Rao et al. (2020) proposed RTES in
smart homes using evolutionary algorithms. A DSM metho-
dology for smart grid-connected homes with distributed
generation was introduced, utilizing Al for battery man-
agement to lower customer power costs.

In SEM systems for PV generation, renewable sources
gain significance due to reduced fossil fuel usage. An intel-
ligent system for daily planning and precise energy fore-
casting was developed by Rao et al. (2021a,b). The ISEMS
employs forecast-based DSM, IoT for data collection, and
solar energy generation in a smart grid environment (Rao
et al. 2021a,b). IoT was created to use devices in microchips,
controls, transceivers, data, and communication protocols
to enable rapid and easy interaction among commonplace
parts like computers, smartphones, sensors, and actuators
over the internet. Therefore, compared to human inspec-
tion, the system interacting with the IoT can monitor and
regulate the solar system in a vast and isolated area more
efficiently (Rao et al. 2021a,b). The system outlined in
the article was designed to track the values of PV cells
for each of these parameters as well as the voltage, current,
temperature, and amount of sunshine received by solar
cells (Rao et al. 2021a,b). Data collected by Arduino was
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uploaded to the internet using the NodeMCU wireless
transmitter (Salehahmadi et al. 2021). In the presence of
an internet connection, all sensor data are compiled and
presented to the user as an analyzable image using Thing-
Speak, an open-source IoT cloud platform (Sardari and
Sardari 2020). A schematic of the system block is shown
in Figure 5. The open-source IoT cloud network application
ThinkSpeak is used in theory. Data from the sensor were
uploaded to the cloud by the Arduino kit that was con-
nected to the Wi-Fi device. The user receives a status
app, and all information records created by the sensors
are refreshed. To utilize this service, the user first needs
to register an account or IP address that includes several
channels for measuring different network parameters. Users
can access information, including photos, through this plat-
form. The data is readily available via an online interface, and
monitoring is conducted over the internet (Rao et al. 2022).
The benefit of the system is that it can be used to conveniently
monitor solar cell production data from any location with an
internet connection. The gateway information system dia-
gram is illustrated in Figure 6 (SeyedShenava and Niazi 2020).

3.1.1 Forecasting

The production of renewable solar PV electricity is a plen-
tiful and promising source of energy worldwide. The tro-
pical climate, surrounding circumstances, meteorological
elements (such as temperature, humidity, wind direction,
and speed), and most importantly, the time of day when
the sun rises and sets, all have an impact. Therefore, its
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main drawback persists in being highly erratic and inter-
mittent (Rao et al. 2022). The efficient use and management
of these resources is essential for meeting the consumer’s
rising energy demand. The energy sector has made signifi-
cant strides in the digital world with an IoT ecosystem for
trustworthy data collecting, remote monitoring, and con-
trolling (Shahsavari and Soroudi 2020).

3.1.2 PV generation

The electricity sector will increasingly rely on standalone
solar PV generation as people’s concerns about the usage of
fossil fuels grow. Therefore, in order to ensure optimal
utilization, it is crucial to accurately estimate PV produc-
tion data and arrange the load/appliance operation at the
consumer end (Shanmugam et al. 2020). Depending on the
size of the given information, many strategies can be taken
into consideration for replicating the sun irradiation, the para-
meters being used, and the details of utilization. For utilities
and energy consumers, accurate forecasting of renewable
energy offers numerous benefits, such as affordability, dis-
patchability, and effectiveness (Rao et al. 2023).

3.1.3 SEM unit

In the SEM system, a smart socket module and an SEM unit
are located at opposing ends as seen in the whole SEM
system in the photograph. The SEM Gateway serves as
the system’s brain, while the smart socket regulates the
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Figure 5: The EVs power flow diagram (Sardari and Sardari 2020).
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Figure 6: The drive train-specific long-term passenger vehicle scales globally (Jayaraman et al. 2021).

appliances. Thanks to Xbee modules, the SEM Gateway and
smart socket module may interact with one another in both
ways (Shi et al. 2021). At the gateway end and the other end,
the Xbee modules are set up as a coordinator and a router,
respectively. Any external signals are received by the main
SEM unit, which then employs them to execute a power
negotiation process and provide control signals to the smart
socket module (Singh and Tripathi 2021).

3.1.4 Smart socket

A smart socket module is used by a load controller to serve
as an interface between the selected appliance and the
SEM unit. It offers fundamental power management cap-
abilities, such as control and communication. Depending
on its function, each architecture module has a particular
role (Sun et al. 2021).

3.1.5 Data collection and processing module

Real-time electrical data collection is the main goal in order
to determine the perceived power, true power, energy con-
sumption, power factor, and other electrical metrics like RMS
voltage and current measurements of an appliance. In this
context, LEM sensors, based on the Hall effect, are employed
to monitor voltage and current (Sundararajan et al. 2021).

3.1.6 Control module
Specific appliances are controlled, being turned ON or OFF

through an electrical relay circuit with guidance from the
SEM Gateway (Talavera and Wilches-Bernal 2021).

3.1.7 Communication module

It establishes a two-way channel of communication between
a smart socket module and the SEM Gateway.

3.1.8 10T environment with energy monitoring system

To access power parameters through the Internet, local
host can be replaced with a specific domain name as the
hostname. The server builds numerous databases to hold
different power attributes. The power data are uploaded to
the server every 5 min. Only authorized users with proper
login credentials are able to access the web portal’s web-
page (Tariq et al. 2020).

The IoT was created to simplify internet-based com-
munication between commonplace objects like computers,
smartphones, sensors, and actuators. By making use of
transceivers, microchips, controllers, data, and communi-
cation protocols, IoT facilitates quick and simple interac-
tions. This communication system proves more effective in
monitoring and controlling large, isolated PV systems in
comparison to human inspection.

The system outlined in the article is designed to monitor
the PV values for each parameter as well as the voltage,
current, temperature, and amount of sunshine received by
solar cells (Tsegay et al. 2021). The NodeMCU wireless com-
munication transceiver uploads data captured by Arduino
to the internet. ThinkSpeak, an open-source IoT cloud plat-
form, compiles and presents all sensor data as an analyzable
image when an internet connection is available (Verma and
Sharma 2021). Figure 5 illustrates the system block diagram,
utilizing ThinkSpeak for internet-based monitoring. The
user receives a status app, and all sensor data are refreshed
(Vilathgamuwa et al. 2021). The system’s advantage lies in
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the ability to easily monitor solar cell output data from any-
where with an internet connection, as shown in Figure 6.
Forecasting is crucial for efficient utilization of solar PV
electricity, influenced by environmental factors and meteor-
ological characteristics. Accurate forecasting is essential for
meeting rising energy demand. The IoT ecosystem plays a
significant role in data collection, remote monitoring, con-
trolling, and contributing to the efficient use of renewable
resources.

As the electricity sector increasingly relies on standa-
lone solar PV generation, accurate estimation of PV produc-
tion data becomes crucial for optimal utilization and load/
appliance operation. Accurate forecasting of renewable energy
benefits affordability, dispatchability, and effectiveness for uti-
lities and energy consumers (Wang et al. 2021).

A smart socket module and an SEM unit make up the
SEM system. The smart socket controls appliances, while
the SEM Gateway functions as the system’s brain. The SEM
Gateway and smart socket module may communicate with
each other in both directions, thanks to Xbee modules. The
smart socket module gets control signals from the SEM unit,
which also handles power negotiation procedures and receives
signals from outside sources (Wang et al. 2020). The smart
socket module acts as an interface, offering power manage-
ment capabilities and facilitating control and communica-
tion with specific appliances. Different modules within the
SEM system have specific roles, including data collection
and processing, control, and communication modules
(Wang et al. 2020).

In the IoT environment with an energy monitoring
system, power parameters can be accessed through the
internet. The server builds databases to hold different
power attributes, and data are uploaded every 5 min. Only
authorized users with proper login credentials can access
the web portal’s webpage (Wang et al. 2021) (Table 3).

4 DSM techniques for systems
using EVs

The increasing popularity of EVs is driven by growing con-
cerns about severe environmental pollution and energy
shortages. Recent research, as illustrated in Figure 5 vividly
showcases the accelerated global development of hybrid
and electric cars. This surge in adoption reflects a collective
effort to address environmental challenges and transition
toward more sustainable and energy-efficient transportation
solutions (Wijaya et al. 2020).

The Power scheduling that takes changeable loads into
account has been used to minimize variations in power
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consumption. The proposed approach for DSM does not
include the computing time needed by complicated algo-
rithms. Wu et al. (2020) suggested installing an electric
spring to control demand and eliminate voltage swings
brought on by the inclusion of RERs in a microgrid. In
addition to automatically scheduling the noncritical loads,
this will instantaneously maintain constant voltage for the
critical loads. It can control voltage in both residential and
commercial constructions when employed. Three different
control scenarios are used to illustrate the usefulness of the
suggested controller. Direct load control and automated gen-
eration control are used by the authors to address changes in
microgrid frequency and maintain the microgrids’ secure
operation (Wu and Zhang 2021). The authors provide a
campus microgrid EM system method (G), in which they sug-
gest storage that is managed and scheduled in the best pos-
sible way when DGs are present, assisting in lowering grid
load as well as consumption prices (Wu and Zhang 2021).
Additionally, a DRM system was created in which service
providers are used to choose solutions that are advantageous
to both consumers and utilities. The service provider is situ-
ated on several levels of the energy grid, with the neighbor-
hood being at the lowest level and other service providers
being at the greatest level (Xiang et al. 2019).

4.1 RER, DER, and storage device integration
in systems using DSM techniques

Integration of RER on consumer properties is quickly
gaining acceptance. Xu et al. (2019) proposed a resource
scheduling system to lower the cost of each user’s energy
usage through effective utilization of the energy generated.
To choose the right size of battery to maximize savings, a
battery scheduling technique is suggested. The study demon-
strates the effects of installing wind and solar energy on
DSM and DSO. The benefits include a higher DSM value
and lower DSO costs. The limitations associated with loads
and storage systems that are thermostatically regulated are
taken into account by the authors (Xu et al. 2021). The DER
system’s ideal operating schedule was utilized by Yang et al.
(2019) to lessen the negative economic and environmental
effects of DER systems with diverse energy sources. The
suggested stochastic multi-objective linear programming
model handles the best operation scheduling for DER (Yao
et al. 2019).

The interplay of many energy carriers through the grid
is the goal of these energy hubs. Additionally, employing
electricity from renewable sources like throughout the pro-
cess, energy hubs use solar PV and windmills rather than
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gas-fired systems of scheduling horizon has reduced greenhouse
gas output (Yasin et al. 2021). For stochastic producers, to lessen
load shedding, as a fallback, combined cooling, heating, and
power systems are utilized. Surplus energy is also kept in
energy-storage devices. Ye et al. (2021) depicted the idea for
the hub of renewable energy. Integrated with distributed energy
systems, a demand response programmer, the rapid forward
selection method, and Monte Carlo simulation are utilized. Simu-
lation results demonstrate the effectiveness of the recommended
technique in managing energy within energy hubs (You et al.
2019). For residential applications with integrated renewable
energy resources (RERs), temporary reductions in system
costs can be achieved (Yuan et al. 2021). They consider
loads, energy costs, and flexible renewable generation.
They have taken into account the battery’s cost and oper-
ating limitations, the power needs and life expectancy of
each load, as well as the minimum and average delay
standards (Zhang et al. 2021).

Increased power system operating costs are a result of the
enormous magnitude of swings and uncertainties brought on
by the wide-scale incorporation of RERs into electricity grids.
Zhang et al. (2019) introduced a method utilizing demand
response from multiple domestic appliances to mitigate
fluctuations in electricity consumption. Increased activa-
tion of flexible loads is required due to higher energy
price variations brought on by the inclusion of RERs.
According to Zhang et al. (2019), harnessing the economic
potential of emerging energy markets requires attention
to patterns, production planning, and active participation
in reserve markets.

For optimal outcomes, Zhang et al. (2019) provided
architecture for EM for controlling the PV power outputs
that consist of systems for managing supply and demand
that use ToU pricing. To individually cap energy use, the
DSM system employs PV power outputs in the distribution
network hence lowering residential prices and any resulting
discomfort to homeowners. The supply-side management
system strives to preserve the quality of the electricity by
utilizing the PV power outputs as fully as is practical (Zhang
et al. 2019). To maximize customer pleasure while minimizing
user energy costs through the most effective scheduling of
household appliances, the EM by using energy storage tech-
nologies and RER in modern dwellings was examined by
Zhang et al. (2019). In RTES, a DSM program is suggested
for managing energy in smart homes. The evolutionary algo-
rithm is used to solve the optimization issue at predetermined
intervals, and the scheduling system inputs are changed
before each optimization computation (Zhang et al. 2021).

Zhao et al. (2021) developed a methodology to conduct
DSM for homes connected to a smart grid and equipped
with distributed generation and energy storage devices. The
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battery management and optimization strategies used in
this method are managed by artificial intelligence. The
goal of the research is to lower customer power costs
(Zhao et al. 2020).

5 DSM techniques for systems
using EVs

Due to severe environmental pollution and energy shortages,
EVs are becoming increasingly popular. Figure 5 from recent
research depicts the accelerated global development of
hybrid and electric cars. The rising concerns over severe
environmental pollution and energy shortages have pro-
pelled the increasing popularity of EVs. Recent research,
as illustrated in Figure 5 (Zhou et al. 2021) highlights the
accelerated global development of hybrid and electric
cars. The integration of EVs in energy systems has signifi-
cant implications for DSM, presenting opportunities for
more sustainable and efficient energy consumption.

The surge in EV popularity is driven by mounting con-
cerns about severe environmental pollution and energy
shortages. Recent research, exemplified in Figure 5, vividly
portrays the rapid global development of hybrid and
electric cars. This trend underscores the urgent need for
innovative approaches to DSM tailored to systems incor-
porating EVs. As these vehicles gain traction, DSM strate-
gies can play a pivotal role in addressing environmental
challenges and optimizing energy usage in the evolving
automotive landscape. Due to severe environmental pol-
lution and energy shortages, EVs are becoming increas-
ingly popular. Figure 5 from recent research (Zhou et al.
2019) depicts the accelerated global development of hybrid
and electric cars.

The increasing popularity of EVs is driven by growing
concerns about severe environmental pollution and energy
shortages. Recent research, as illustrated in Figure 5, vividly
showcases the accelerated global development of hybrid
and electric cars. This surge in adoption reflects a collective
effort to address environmental challenges and transition
toward more sustainable and energy-efficient transporta-
tion solutions (Zhu et al. 2021).

Distributed solar PV production may be used to address
the network’s energy shortfall. Storage is important in this
scenario. As a DSM approach, EV is utilized to lessen the
volatility of solar PV (Zhu et al. 2020). When acting as a
source or load, an EV’s behavior depends on three factors.
These three variables are state of charge (SOC), system vol-
tage, and PV output. The use of EVs as a load to fill in energy-
deficient valleys and as a source to reduce peak loads this
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article talks about how to deal with solar PV’s unpredictable
and intermittent characteristics (Zubi et al. 2019). The prob-
ability of the four outcomes of each scenario was high and
low PV generation with EVs, as well as high and low PV
generation without them. The IEEE 33-bus radial network
is connected to the 2 MW distributed solar PV generation.
Using data on day-ahead prices and solar PV electricity gen-
eration, the best solar PV panel size is chosen, which also
optimizes consumer electricity expenses (Rao et al. 2022).
The teacher-learner-based optimization (TLBO) method is
used in the formulation and resolution of the ideal issue.
Three case studies are taken into account for the analysis:
normal load, a load optimization DSM program, and a load
and PV generation optimization DSM program. The price
per unit for these three case studies is then contrasted. It
showed how much more economical the system is when the
DSM software and nearby PV producing are used (Rao et al.
2021a,b, Khedkar et al. 2021). When households that own
plug-in electrical vehicles (PEVs) plan their daily energy con-
sumption and the cost of charging, they utilize the residen-
tial neighborhood as an agent of the local users and make
money from PEV discharge in various communities. Ribeiro
et al. (2020) proposed a machine learning (ML)-based
intelligent charging technique that would allow EVs to
be charged in real-time based on factors such as the envir-
onment, cost, driving patterns, and demand periods. The
entire cost of EV energy is what this study aims to reduce
(Rao et al. 2024).

Voltage fluctuations and a rise in deployment costs for
charging infrastructure are caused by integrating EVs into
the grid to fulfill the highest charging demand. Utilizing a
demand response strategy can cut expenses and eliminate
the need for peak billing. In the literature, a control
approach and a DSM program to include and govern the
distributed charging of EVs were presented. For this reason,
an automatic fuzzy-based controller that takes into account
the connection point voltage, utility signal, and owner needs
is presented. It is advised to use the multi-group to prevent
system peaks and the rebound effect; one might use the
multi-group ToU with critical peaking (MTOUCP) technique.
A new DSM program was used to test the proposed con-
troller. According to the study, it can efficiently control EV
charging, avoid LVs, and reduce system peaks.

EVs that are connected to household distribution net-
works are presenting load to those systems. The distribu-
tion system must deal with additional load needs as a
result of EVs often charged in residential settings. A DSM
plan has been released to lessen the burden that EVs place
on the distribution network (Pan et al. 2020). The worst
power peaks are avoided using the DSM approach. There
have been two DSM algorithms suggested. Two states have
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been established for the proposed DSM algorithms. In the
first state, loads from homes and EVs are transferred. Just
EV loads are transferred in the second state. Even while
they cannot fully charge every car in the network in a day,
the DSM techniques do succeed in lowering the total load
on the transformer and the heat pressures placed on the
conductor (Nguyen et al. 2020).

The most often utilized restrictions from the research
study on DSM taking EVs are as follows:
* The EV’s charge level
* Constraints on PEV charging and discharging
* Constraints on the power system
* Battery power limitations.

The car cannot be charged and discharged simulta-
neously during plug-in electric vehicle charging and dischar-
ging operations. Distributed solar PV production emerges as
a solution to address energy shortfalls in the network, with
storage playing a crucial role. In a DSM approach, EVs are
utilized to mitigate the volatility of solar PV (Nardelli et al.
2020). The behavior of an EV, acting as a source or load, is
influenced by three variables: SOC, system voltage, and PV
output. The article explores leveraging EVs as a load to fill
energy-deficient valleys and as a source to reduce peak
loads, addressing the unpredictable nature of solar PV.

Four possible scenarios are taken into account in the
study: high and low PV generation in the presence of elec-
tric cars and high and low PV generation in the absence of
them. Day-ahead pricing and solar PV energy generation
data are used to establish the ideal solar PV panel size
using the IEEE 33-bus radial network linked to 2 MW dis-
tributed solar PV power. The formulation and solution of
problems are done using the TLBO technique. Three case
studies, the DSM program for load optimization, the usual
load, and load and PV generation optimization DSM pro-
gram, are analyzed, comparing the unit price for each sce-
nario. The results demonstrate the economic benefits of
incorporating DSM software and nearby PV generation
(Mahmud et al. 2020). In another study households owning
PEVs strategically plan their daily energy consumption
and charging costs. They utilize the residential neighbor-
hood as a collective agent for local users, earning revenue
from PEV discharge in different communities. A ML-based
intelligent charging technique enables real-time charging deci-
sions for EVs based on environmental factors, cost, driving
patterns, and demand periods, aiming to reduce the overall
cost of EV energy (Lee and Kim 2021). The integration of EVs
into the grid for charging purposes leads to voltage fluctua-
tions and increased deployment costs. A control approach
and DSM program for governing distributed EV charging is
introduced, employing an automatic fuzzy-based controller
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considering connection point voltage, utility signal, and owner
needs. The study recommends the use of the MTOUCP tech-
nique to prevent system peaks and the rebound effect. Testing
the proposed controller with the new DSM program demon-
strates its efficiency in controlling EV charging, avoiding LVs,
and reducing system peaks.

As EVs connected to household distribution networks
present additional load demands, a DSM plan is proposed to
alleviate the burden on the distribution network. The DSM
approach avoids the worst power peaks, with two suggested
algorithms operating in two states to transfer loads from homes
and EVs. These techniques effectively reduce the total load on
transformers and alleviate heat pressures on conductors (Koh
et al. 2020). EV charge level limits, PEV charging and discharging
limitations, power system limitations, and battery power limita-
tions are common restraints seen in DSM research utilizing EVs.
It should be noted that operating PEVs while charging and
discharging at the same time is prohibited.

6 DSM methods implementation
strategies

6.1 Optimization algorithms

Electricity consumption varies across locations, making it
essential to strike a balance between user comfort and
power utilization. In a bid to minimize residential demand,
a combination of GAs and Pigeon-inspired optimization
(PIO) is proposed (Kim et al. 2021). The study evaluates GA,
PIO, and HGP under a real-time pricing system, demon-
strating their potential to reduce power expenses and con-
sumption while enhancing customer satisfaction. Hybrid
bio-inspired optimization techniques, specifically Bacterial
foraging optimization, are employed in a residential EM
method to reduce peak loads and power costs. This approach
considers real-world equipment limits and user perspectives.
Additionally, an optimized control strategy is proposed, com-
bining dynamic pricing, user response, and equipment oper-
ating capabilities to lower power costs. To enhance energy
use and DSM, an EM controller is introduced, utilizing heur-
istic optimization approaches such as "BAT inspired and
flower pollination" for shiftable appliances and "hybrid BAT
pollination optimization algorithm (HFBA)" for residential
appliances (Khedkar et al. 2021). Fuzzy logic is incorporated
to regulate interruptible appliances, addressing the unpredict-
ability associated with manually operated appliances.
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6.2 Pricing based on ToU

ToU pricing structures, where rates vary across predeter-
mined periods, prove effective in lowering costs for both
utilities and consumers. Studies in emerging nations like
China explore the impact of ToU pricing at the residential
level (Hossain and Fotouhi 2020). ToU pricing is incorpo-
rated in a decentralized DSM framework, optimizing resi-
dential and commercial loads with RER (Haider et al. 2021).
The implementation of a household energy management
system is recommended to schedule the use of RERs based on
ToU pricing (Ghosh and Saha 2021). Multi-objective residential
DSM with batteries is proposed to reduce power expenses
and peak loads for residential consumers using ToU pricing.
A mechanism for managing supply and demand sides based
on ToU pricing is suggested for effective use of residential PV
production (Gomez-Quiles and Valdivieso-Sarabia 2019).

6.3 Game approaches

Game approaches are employed to model interactions in
the electricity market, considering electricity providers,
local agents, end-users, and aggregators (Perumal et al.
2021). Different game strategies, including Bayesian games
and cooperative games, are utilized to optimize day-ahead
energy usage, especially in scenarios involving EVs (Ma
et al. 2019). Non-cooperative game approaches characterize
challenges in a smart grid with multiple energy suppliers,
addressing peak demand scenarios (Eisen and Ribeiro 2020).
A cooperative game technique is used to formulate a multi-
objective residential side demand management issue, finding
a compromise between reducing customer power costs and
peak load demand (Dong et al. 2019). Cooperative games,
based on super-criterion and Pareto-minimum solution, pro-
vide a balanced approach for various scenarios involving
different numbers of home clients.

6.4 Research perspectives in IoT EM

EM is essential in microgrids for the effective and seamless
transfer of energy among the numerous energy sources and
storage innovations for a reliable, cost-effective, durable,
and efficient operation. Because RERs are intermittent, a
lot of expensive energy storage and a variety of energy
sources are needed to ensure a safe and dependable power
supply. EM is crucial in microgrids with RERs, dispatchable
energy sources, storage systems, and loads to ensure the
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greatest possible power flow between the various components
and preserve the system's optimal stability and cost-effective-
ness. In EM studies, which are primarily simulation-based,
there is a large category of publications using a range of algo-
rithms and methodologies. However, further research is
necessary to confirm the viability of applying the suggested
methods in actual microgrids (Chen et al. 2020). The authors
believe that simulation based on real-time systems can pro-
duce more credible results for practical application even
when many methodologies are used in EM research since
the results accurately mirror the behavior of the real system.
More investigations using hardware in loop to assess the via-
bility of practical implementation are essential for validating
the results (Baneshi et al. 2020).

6.5 Future directions of demand side SEM
system

There are several interesting possibilities in the fast-devel-
oping field of grid energy storage, including the research
directions described here.

» Advanced control and optimization strategies: Modern
control and optimization techniques are being developed
by researchers to boost the effectiveness and performance
of energy storage systems in microgrids (MGs). Innovative
methods like artificial intelligence or machine learning
could be used in these tactics (Ma et al. 2019).

Hybrid energy storage systems: To address the issues with
individual storage technologies and offer better overall per-
formance, hybrid energy storage systems which integrate
numerous storage technologies like batteries, capacitors,
and super capacitors are being researched (Miao et al. 2019).
Grid integration and management: In order to ensure the
MG's dependable and successful functioning and inter-
actions with the main grid, appropriate grid integration
and management strategies are becoming increasingly
important.

New storage technologies: The effectiveness and efficacy
of cutting-edge energy storage technologies are being
investigated in contrast to those of the present, including
flow batteries, thermal storage, and hydrogen storage.
Smart grid integration: With the widespread adoption
of smart grid technologies, researchers are focusing
on enhancing the effectiveness and reliability of power
transmission. Innovative methods for integrating energy
storage devices into smart grids are being explored to
address these needs.

Life cycle analysis: In order to comprehend how MG
energy storage systems affect the environment, and to
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pinpoint areas for improvement, researchers are per-
forming life cycle assessments.

¢ Standardization: Standardization is required because of
the proliferation of various MG configurations and energy
storage technologies in order to guarantee system inter-
operability and compatibility.

* Energy trading: To maximize energy utilization and cut
costs, researchers are looking into the potential for
energy trade across other MGs and between microgrids
and the main grid.

* Reliability and resiliency: Researchers are looking into redun-
dant storage systems and cutting-edge control algorithms as
potential improvements for the dependability and resilience
of energy storage systems in MGs (Nardelli et al. 2020).

* Optimal sizing and placement: Effective techniques for designing
and positioning these systems are required in order to max-
imize their performance and financial feasibility in light of the
growing demand for MG energy storage systems.

» Aging and degradation: The capacity and performance
of energy storage devices may decline with time, which
might reduce their reliability and efficiency. Researchers
can enhance the replacement and maintenance of MG
energy storage devices by investigating modeling and
predicting the aging and degradation of these systems.

* Environmental and social impact: In order to reduce
adverse effects and advance sustainability, Energy sto-
rage systems in MGs are being studied for their environ-
mental and social consequences, including how they
affect social justice, resource consumption, and land use.

* Electromagnetic compatibility: Energy storage systems
must be electromagnetically compatible in order to
avoid interference and guarantee reliable operation
in microgrids, where electronic gadgets and wireless
communications are proliferating. Last but not least,
as the sector develops, energy storage technologies
and the uses for them in MG systems are expected to
develop and innovate further (Niu et al. 2020).

7 Conclusion

This comprehensive analysis' conclusion highlights the
importance of the quickly developing field of DSM based
on the IoT in relation to the production of PV power. The
main conclusions highlight how crucial it is to use IoT
technology to improve the integration of PV systems into
contemporary energy networks and optimize patterns of
energy use. The study reveals a diverse array of approaches
and technologies employed in IoT-based DSM, showcasing a
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nuanced understanding of the intricate interactions between
PV power generation and IoT applications. The literature
review not only examines the state of the art at the moment,
but it also highlights how IoT-driven solutions may be used to
solve important problems with energy efficiency, grid resili-
ence, and solar energy resource efficiency.

This systematic examination provides valuable insights
for scholars, industry practitioners, and policymakers, parti-
cularly as the renewable energy sector continues to expand.
By offering a thorough overview of the most recent develop-
ments and creating the framework for potential future study
avenues and practical applications, the study contributes to
the collective knowledge base. The integration of IoT-based
DSM emerges as a pivotal strategy for managing PV power
generation in a sustainable and intelligent manner. The iden-
tified trends and innovations hold the promise of not only
enhancing efficiency but also aligning with the overarching
objective of establishing a more robust and environmentally
friendly energy supply in the future. In essence, the study
highlights the transformative potential of IoT technologies
in reshaping how we approach EM, with a specific focus on
harnessing the capabilities of PV systems. As these technolo-
gies continue to evolve, the implications for the renewable
energy landscape are profound, clearing the path for a future
in energy that is more robust and green.
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