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Abstract The development of modern society is centered

on energy, in particular the use of electrical energy. The

increasing financial, social and ecological restrictions that

hinder the construction of new plants and electric power

transmission lines have led to the inclusion of demand-side

management (DSM) techniques in the planning studies of

electrical systems, called ‘‘minimal cost planning’’ or

‘‘integrated resource planning.’’ Madhya Pradesh Paschim

Kshetra Vidyut Vitran, District-Dhar, Tehsil-Manawar,

Singhana Village Dedali B, in India spends a lot of money

on energy bills. There is a need of energy management

system in this village. The energy audit of Singhana, Vil-

lage Dedali B, Dhar, Madhya Pradesh, India is conducted

to study to energy management pattern and identify the

energy saving measures thereof. Energy auditing has been

conducted for village area of Patelpura and Ningwalpura to

estimate the daily, monthly and annual energy consump-

tion. The annual energy consumption of village Patelpura

and Ningwalpura is estimated as 10,200 kWh in 2018.

Presently, the village using utility power, but, at the time of

power curtailment, a number of irrigation pumps of 3 HP, 5

HP, 7 HP are running through diesel generators to backup

for the power outing. The village has a scope of energy

management for energy saving and electricity bill reduc-

tion, adopting a proper approach. In this paper, the

demand-side management approach is used for energy

saving which is implemented to save the 15% of energy

and 20–25% of cost reduction in electricity bills of the

village. This paper is aimed to validate the demand-side

management using Binary Particle Swarm Optimization

Algorithm. The problem is mathematically formulated as a

DSM optimization problem with constraints along with an

objective of peak to average ratio and cost reduction.

MATLAB is used as a simulation tool.
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Introduction

Generally, the level of economic and social development of

humanity is directly related to the use of energy. For

example, to generate mobility, heat, productivity, elec-

tricity, etc. Specifically, electricity is a form of energy that

has become popular in recent years, being present in all the

daily and productive aspects of people and society [1].

From the aforementioned, it is evident that there is a

continuous growth in electricity consumption, forcing the

generation of electricity to increase, and which is limited

by the decrease in oil reserves and the environmental

impact [2, 3].

Historically and in most cases to date, electricity gen-

eration is carried out in a decentralized manner, that is,

with few large power plants located far from the load

centers. In this context, the growth in demand has draw-

backs related to: greater exploitation of non-renewable

resources, construction of plants and extensive transmis-

sion lines, difficulty in obtaining road permits, higher

energy losses, less efficiency, worsening of the levels of

power quality, lower reliability, high costs, among others

[4, 5].
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Currently, there are several mechanisms to reduce the

aforementioned problems, these are: Smart Grid (SG),

Distributed Generation (DG), Demand Response (DR),

among others. The common denominator of the afore-

mentioned are the smart grids, which unify the traditional

Electric Power Systems (EPS) with telecommunications,

thus achieving, dynamically and efficiently manage gen-

eration and loads [3, 5–9].

Regarding Distributed Generation, it is understood as

any small-scale technology that generates electricity and

that is installed near the load centers; Examples of DG are

photovoltaic (PV), wind, biomass, micro and mini

hydraulic installations, etc., that is, non-conventional

renewable plants, mainly [5, 6]. The idea of demand

response (DR) arises because currently the primary sources

are limited, and it is applied to avoid expanding the EPS

and to improve the quality and service of electrical energy

when it is compromised [10–12].

The DR’s incentives are generally of the tariff type,

although sometimes the electric distribution company

(EDC) can intervene directly in the load. The DG mecha-

nisms currently in use are: real-time energy price, time of

use, critical peak price, incentive plans, demand manage-

ment for reliability and any other innovative idea [12].

Each of these mechanisms is detailed in the theoretical

framework.

The village is growing population and developing.

There is a scope of energy savings and electricity bill

reduction through demand-side management. The village

has different types of residential, commercial, industrial

and irrigational loads. Collecting and scheduling the load

data, the energy consumption and the electricity bill can be

reduced. From the aforementioned, in the present study an

energy management methodology is developed to optimize

the response to the demand for smart micro grid [13, 14].

The data is observed and collected from Madhya Pra-

desh Paschim Khetra Vidyut Vitran, District-Dhar, Tehsil-

Manawar, Singhana, and Village-Dedli B. This work con-

tains the following objectives:

• Peak load reduction

• Cost reduction

• Peak-to-Average Ratio Reduction

Theoretical Framework

Smart Grids

These new intelligent networks (smart grids or SG) can be

defined in two ways. The term, ‘‘European,’’ indicates that

smart grids are electrical networks that can intelligently

integrate the behavior and actions of all users connected to

them—producers, consumers and those who exercise both

activities—in the goal of providing electricity in an effi-

cient, sustainable, economically viable and safe manner. A

second definition, from the US Department of Energy,

specifies more clearly the objectives which are assigned to

an intelligent network, through the common thread, than

the security of the system. According to this definition, a

smart grid network must integrate the characteristics or

allow the following performances to be achieved [15]:

• Self-healing against disruptive events.

• Allow the active participation of consumers through the

modification of their demand (Demand-side manage-

ment or demand response).

• React and protect themselves against physical attacks

and hacking;

• Provide quality electricity adapted to all needs.

• Accommodate all production or storage technologies.

• Allow the emergence of new products, services and

markets.

• Optimize the use and management of assets.

The term SG can encompass several technologies. In

fact, on the upstream (manufacturers) or downstream

(consumers) markets, SGs will take the form of smart

communicating meters measuring production or actual

consumption in real time. The information given by these

meters may be unidirectional or bidirectional, some leaving

the possibility to a supplier or a Transmission System

Operator (TSO) or Distribution (DSM) to control loads

remotely. On the other hand, on transport or distribution

networks, SGs will be the communicating instruments

(sensors and communication networks) which will make it

possible to transmit to the manager information on the state

of the network in real time. When SGs are mentioned, it is

therefore not only smart meters that are highlighted but

also an instrumentalization in communication infrastruc-

tures (sensors, transmission and data storage networks) of

transport networks, but also of distribution networks which

are connected to renewable energy production or storage

means. These new means of production or energy man-

agement require a modification in the optimization of the

systems, optimization facilitated by the data flows which

will be measured over very short periods of time (10 min

or less). The electrical grids of the future, given the heavy

investment procedures, will be quite similar to those of

today. The main differences will come from the current

procedures for planned replacements and investments. On

the other hand, investment in means of communication is

likely to be massive in the coming years to better manage

demand, decentralized means of production, storage and

fleets of electric vehicles which are being developed in

many Europeans countries [3, 9, 15].
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Smart Grid and Electricity Management

on the Demand Side

There are several definitions for the concept of Smart Grid,

but all converge to the use of digital and communication

elements in the networks that carry the energy. These

elements make it possible to send a range of data and

information to the control centers, where they are treated,

assisting in the operation and control of the system as a

whole [16]. Demand-side management (DSM) in smart

grid authorizes consumers to make informed decision

regarding their energy consumption pattern and helps the

utility in reducing the peak load demand during an energy

stress time. This result in reduced carbon emission, con-

sumer electricity cost and increased grid sustainability [17].

This range of data and information provided by the Smart

Grid network allows greater control and management of

electricity by the concessionaire and the consumer. It is

thus possible to implement in the residence a better method

for energy management and for the electric utility to

implement demand-side management (DSM).

By implementing the DSM, it is also possible to

implement a new energy tariff system that seeks to dis-

tribute the load during the day, the horo-seasonal tariff

system.

In short, the smart grid, or Smart Grid, makes it possible

to collect information about the entire path traveled by

electric energy since its generation, through its distribution

and consumption [18].

The Smart Grid system provides all the information

necessary to prepare a correct management plan and opti-

mize the use of electricity, in addition to facilitating the

continuous management necessary for it.

The information acquired by the smart grid allows the

use and consumption of electricity to be optimized both by

the consumer, by the residential electricity management

plan, and by the concessionaire who, in possession of this

data, can better control and manage electrical power net-

work. The intelligent residential energy management

system (IREMS) is used for the optimal scheduling of

household appliances and sizing of RESs and ESS [19]

With the smart grid, the consumer at home can obtain

real-time information on their electricity consumption

profile, as well as previous data on it, since the system has a

standard for data storage and measurements [20].

Proposed Methodology

System Model

Figure 1 shows the block diagram for proposed demand-

side management. The data is observed and collected from

Madhya Pradesh Paschim Khetra Vidyut Vitran, District-

Dhar, Tehsil-Manawar Singhana village Dadli-B. Rest of

methodology is expressed in the following headings.

Data to be used

The village singhana Dedali B, Area of Patelpura and

Ningwalpura is around 3 km. Here is power flow distri-

bution path through feeders in different direction in village.

Feeder 1—Gandhwani (33 KV)

Feeder 2—Lohari (33 KV)

Feeder 3—(NVDA ? Jhapli) (33 KV)

Feeder 4—Singhana 2 (33 KV)

Feeder F1: Village bramada, Dadli-B, Tongaon,

Kabarwa (Rabi season—120A, A.P. 35A)

Feeder F2: Jhekda, Shedla, Jhenderi, Baldari, Ajanda,

Balnera village (Rabi season—120A, A.P. 40A)

Mathematical Formulation for Demand-Side

Management

The formulated DSM strategy operates the connectivity

time of each shiftable appliances in the consumer side in

Feeder F3

5A 

5A 

5A 

Jhekda village

Shedla village

Jhekri, Balwari, Ajanda, Balnera

35A Village Kabarwa, Dedli-B, Tongaon Bramade
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such a way that brings the actual load consumption curve

nearer to the objective—calculated load consumption curve

values. Proposed load shifting technique of DSM is

mathematically written as follows with equations from

Eqs. (1) and (2).

XN

i¼1

Present Load tð Þ � Desired Load tð Þð Þ2 ð1Þ

Subject to constraints:

• Number of shiftable appliances cannot be negative.

• Number of shiftable appliances cannot be more than the

availability of appliances where desired load tð Þ is the
preferred load curve at time t proportional to the

parameter chosen, and present load tð Þ is the real time

consumption at time t. The present load (t) is given by

the following equation:

Present Load tð Þ ¼ Forecast tð Þ þ Connect tð Þ
� Disconnect tð Þ ð2Þ

Connect tð Þ ¼
XN

t¼1

Xn

k¼0

Xkit � P1kð Þ

þ
Xj�1

i¼1

Xt�1

i¼1

XD

k¼1

Xki t�1ð ÞP 1þlð Þk; ð3Þ

where Xkit is the quantity of appliances of type k that are

shifted from time step i tot, D is the quantity of appliance

types, and are the power consumptions at time steps 1and

(1 ? l) respectively for appliance type, and is the total

duration of consumption for an appliance categorized as

type 1.

Similarly Disconnect can be defined as follows:

Disconnect tð Þ ¼
Xtþm

q¼tþ1

XD

k¼1

Xkit � P1kð Þ

þ
Xj�1

i¼1

Xtþm

q¼tþ1

XD

k¼1

Xki t�1ð ÞqP 1þlð Þk ð4Þ

The number of appliances to be shifted to be positive

cannot be a negative value, i.e., Xkit [ 0. The number of

appliances shifted away from a time step cannot be more

than the number of appliances available for control at the

time step:

XN

t�1

Xkitð Þ� ctrlable ið Þ; ð5Þ

where ctrlable ið Þ is the number of appliances of type

available for control at time step i.

Load 
profile of 

smart 
appliances

Consumers
Comfort 

level

Real time 
electricity 

prices

EV initial 
charges and 

characteristics

Demand 
limit level

Imposing the 
constraints

Optimization

EV 
charging 
schedule

Cost 
saving

Electric 
appliances 
schedule

Fig. 1 Workflow for proposed DSM implementation
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Objective Function

The objective function is to minimize the cost and optimal

load schedule for every household appliances in each smart

home.

objective function ¼ min
XN

i¼1

Fð Þ; ð6Þ

where F ¼ Total Cost

Total Cost ¼
XT

t¼1

l1f1 tð Þ þ l2f2 tð Þþ; . . .; lnfn tð Þ; ð7Þ

where t is the cycle start time for the devices, n is number

of devices and l1; l2; . . .; lnð Þ are the loads that refer to the

participation of each portion in the composition of the

objective function. The constraints from Eqs. (1) to (5) are

considered for the simulation. The BPSO applying binary

variables to minimize the cost and is given by the following

heading (Fig. 2).

Binary Particle Swarm Optimization (BPSO)

The Particle Swarm Optimization (PSO) is a population-

based evolutionary optimization technique that evolves

according to iterations. The population is called a swarm.

Consider an unrestricted minimization problem of a func-

tion f . Each particle represents a possible solution to the

optimization problem. During each iteration, each particle

accelerates toward its best individual position, as well as

toward the best global position discovered by some of the

particles in the cluster. This means that if a particle finds a

promising new solution, all the other particles in the cluster

will move in that direction, exploring this most promising

region.

33/11 KV

Substation(

Kabarwa)

132/33KV

Singhana 
station(Grid)

33KV

33KV

33KV

33KV

Feeder 1 Gandhwani

Feeder 2 Lohari

Feeder 3 NVDA+Jhapli

Feeder 4 Singhana 2

F4

11KV,F1-Kabarwa irrigation, 10hrs

11KV,F2-Village Jhekdairrigation, 10hrs

Singhana 2(33KV) 11KV,F3-Kabarwa DomesticLight 24 hrs

Manawar    Kukshi

25 KVA

11/0.4KV

DistributionTrans
former

(Patelpura area)

25 KVA

11/0.4KV

DistributionTransfo
rmer

(Ningwalpuraarea)

Fig. 2 Flow chart of power distribution of village Dadli-B
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If s denotes the size of the cluster, each individual

1� i� s has the following attributes:

• Current position for the ith individual in the search

space xi ¼ xi1; xi2; . . .; xiDð Þ.
• Current speed vi ¼ vi1; vi2; . . .; viDð Þ
• The best position of a particle defined as pi
• The best position obtained from the population as gi

During each iteration, the optimization method looks for

the optimal solution by updating the velocity and position

0 5 10 15 20 25
0

500

1000

1500

2000

2500

3000

K
W

h

Hours

Industrial

Commercial

Home and agriculture

Fig. 3 Comparative input of

industrial, commercial and

home load
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y = Objective

y = Before DSM

y = After DSM

Fig. 4 Comparative study of

scheduling algorithm before and

after demand response for

commercial load

Table 1 Result comparison for commercial load

Parameters Without

DSM

With DSM optimized by

BPSO

%

Reduction

Peak load

(kw)

1366 1046.5 23.25

Cost 2302.90 2136.43 7.22

PAR ratio 1.85 1.42 23.24
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vectors of each particle according to the following

equations:

vtþ1
id ¼ w � vtid þ c1 � r1i pid � xtid

� �
þ c2 � r2i gid � xtid

� �

ð8Þ

xtþ1
id ¼ xtid þ vtþ1

id ; ð9Þ

where t denotes the tth iteration, d 2 D dimension of the

search space, c1 and c2 denote the acceleration coefficients,

w is called the weight of inertia where r1i and r2i is a

sequence of random numbers uniformly in the range

0; 1ð Þ.
The value of each component for the vector vi, can be

limited to the interval �vmax; vmax½ � to reduce the proba-

bility of the particles leaving the search space. The weight

of inertia is typically a linear variation from 0.4 to 0.9

during the generations. The acceleration coefficients c1 and

c2, which control how far a particle will move in a single

iteration, both coefficients have a value of 2.0 [21].

The particle swarm optimization algorithm was origi-

nally proposed to solve problems with real variables.

However, many optimization problems, such as the prob-

lem of detecting spatial clusters, occur in a discrete search

space. For this reason [22] presents a binary approach to

the method. Equation (9) is still applied to update the

speed, where xid, pid and gd are restricted to 1 or 0. The

speed in the binary approach indicates the probability that

the element of the corresponding position assume value 1.

A sigmoid function s vidð Þ is introduced to transform vid into

the interval 0; 1ð Þ. The binary particle swarm optimization

algorithm updates the position of each particle according to

the following formulas:

xid ¼
1; rand ðÞ\s vidð Þ
0 Otherwise

�
; ð10Þ

where vidð Þ ¼ 1
1þexp�vid

, and rand ðÞ is a uniform random

number generator in the interval ð0; 1Þ.

Simulation Results

Figure 3 explains the industrial,commercial and home and

agricultural load distribution according to hours.It can be

seen for home and agriculture peak demand is somewhere

at morning 5–10 A.M., i.e., approximately 2800 KWH.

0 5 10 15 20 25
200

400

600

800

1000

1200

1400

Hours

K
W

h

y = Objective

y = Before DSM

y = After DSM

Fig. 5 Comparative study of

scheduling algorithm before and

after demand response for home

and agricultural load

Table 2 Result comparison for home and agricultural load

Parameters Without

DSM

With DSM optimized by

BPSO

%

Reduction

Peak load

(kw)

756 687 9.12

Cost 1035 967 6.57

PAR ratio 1.23 0.96 21.95
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Similarly Industrial and commercial demand shifts from

12 to 4 P.M. Afterward, the demands goes low till 4 P.M.

to 11 P.M.

Figure 4 demonstrates the commercial load distribution

with respect to hours. The above graph represents the

random behavior of Load distribution where peak load

varies from 1600 to 1900 KWH and the lower side is

400 KWH, according to the hour shifts. It can be seen

clearly the shifts of load after applying the demand-side

management peak load is reduced to 1400 KWH and

Lower range is somewhere as 450 KWH.

Table 1 shows the optimization algorithm efficiency

after applying the DSM. It can be observed clearly that the

peak load before DSM was 1366 KW and after binary

particle swarm optimized DSM it is 1046.5 KW, which is a

reduction of 23.5% in peak load. When it is compared with

cost there is a reduction of 7.22% with BPSO DSM.

A comparative study of scheduling algorithm for

demand response with and without DSM for residential and

agriculture load has been performed in the developed

algorithm. Simulation results are shown in Fig. 5. It is clear

from Table 2, that there is 7.22% reduction in cost with

DSM optimized by using BPSO. Similarly for industrial

load also, Fig. 6 shows the comparison of scheduling

algorithm with & without DSM and Table 3 gives com-

parative analysis with and without DSM for scheduling

algorithm for industrial load which reduces 7.22% in cost

and 23.24% PAR ratio.

Conclusion

In this paper, binary particle swarm optimization algorithm

has been utilized in order to obtain an optimal solution for

scheduling the devices within in the area of Madhya Pra-

desh state of India. For scheduling purposes, data has been

collected from Madhya Pradesh Paschim Khetra Vidyut

Vitran, District-Dhar, Tehsil-Manawar, Singhana Village

Dadli B. The proposed scheduling proved to be quite

valuable in the context of the infrastructure to be built in

homes to enable optimal load management in a smart grid,

especially when considering the future insertion of smart

appliances and the perspective of smart grids. The simu-

lation results clearly shows the reduction in peak load

demand, total cost incurred. The profit obtained in indus-

trial load DSM was more than that of commercial and

residential load. This is due to large ratings devices used in

industries. So, shift of even a single controllable device

0 5 10 15 20 25
500

1000

1500

2000

2500

3000

Hours

K
W

h

y = Objective

y = Before DSM

y = After DSM

Fig. 6 Comparative study of

scheduling algorithm before and

after demand response for

industrial load

Table 3 Result comparison for industrial load

Parameters Without

DSM

With DSM optimized by

BPSO

%

Reduction

Peak load

(kw)

1567 1346.5 14.07

Cost 2802.90 2196.43 21.63

PAR ratio 1.85 1.42 23.24
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during peak time, can provides a percent cost reduction in

case of Industrial Loads.
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3. N. Uribe-Pérez, L. Hernández, D. De la Vega, I. Angulo, State of

the art and trends review of smart metering in electricity grids.

Appl. Sci. 6(3), 68 (2016)

4. Y. He, N. Jenkins, J. Wu, Smart metering for outage management

of electric power distribution networks. Energy Procedia 103,
159–164 (2016)

5. E.C. Boardman, S.S. Venkata, General Electric Technology

GmbH, 2019. Intelligent electrical distribution grid control sys-
tem data. U.S. Patent 10,198,458

6. E. Kabalci, Y. Kabalci, Introduction to smart grid architecture, in

Smart grids and their communication systems. ed. by E. Kabalci,

Y. Kabalci (Springer, Singapore, 2019), pp. 3–45

7. M. Ourahou, W. Ayrir, B.E. Hassouni, A. Haddi, Review on

smart grid control and reliability in presence of renewable ener-

gies: challenges and prospects. Math. Comput. Simul. 167, 19–31
(2020)

8. A. Hirsch, Y. Parag, J. Guerrero, Microgrids: a review of tech-

nologies, key drivers, and outstanding issues. Renew. Sustain.

Energy Rev. 90, 402–411 (2018)

9. X. Wang, Z. Ning, X. Hu, L. Wang, L. Guo, B. Hu, X. Wu,

Future communications and energy management in the internet of

vehicles: toward intelligent energy-harvesting. IEEE Wirel.

Commun. 26(6), 87–93 (2019)

10. F.A. Rahiman, H.H. Zeineldin, V. Khadkikar, S.W. Kennedy,

V.R. Pandi, Demand response mismatch (DRM): concept, impact

analysis, and solution. IEEE Trans. Smart Grid 5(4), 1734–1743
(2014)

11. M. Yu, S.H. Hong, A real-time demand-response algorithm for

smart grids: a Stackelberg game approach. IEEE Trans. Smart

Grid 7(2), 879–888 (2015)

12. F. Wang, H. Xu, T. Xu, K. Li, M. Shafie-Khah, J.P. Catalão, The

values of market-based demand response on improving power

system reliability under extreme circumstances. Appl. Energy

193, 220–231 (2017)

13. P.A. Apostolopoulos, E.E. Tsiropoulou, S. Papavassiliou,

Demand response management in smart grid networks: a two-

stage game-theoretic learning-based approach. Mobile Netw.

Appl. 26, 1–14 (2018)

14. M. Hussain, Y. Gao, A review of demand response in an efficient

smart grid environment. Electr. J. 31(5), 55–63 (2018)

15. D.A. Quijano, J. Wang, M.R. Sarker, A. Padilha-Feltrin,

Stochastic assessment of distributed generation hosting capacity

and energy efficiency in active distribution networks. IET Gener.

Transm. Distrib. 11(18), 4617–4625 (2017)

16. J. Singh, S.S. Mantha, V.M. Phalle, Characterizing domestic

electricity consumption in the Indian urban household sector.

Energy Build. 170, 74–82 (2018)

17. A.M. Khan, Z.A. Khan, M. Llahi, A priority-induced demand

side management system to mitigate rebound peaks using mul-

tiple knapsack. J. Ambient. Intell. Homanized Comput. 10,
1655–1678 (2019)

18. B. Yildiz, J.I. Bilbao, J. Dore, A.B. Sproul, Recent advances in

the analysis of residential electricity consumption and applica-

tions of smart meter data. Appl. Energy 208, 402–427 (2017)

19. S.L. Arun, M.P. Selvan, Ntelligent residential energy manage-

ment system for dynamic demand response in smart building.

IEEE Syst. J. 12(2), 1329–1340 (2018)

20. F. Al-Turjman, M. Abujubbeh, IoT-enabled smart grid via SM:

an overview. Futur. Gener. Comput. Syst. 96, 579–590 (2019)

21. K.G. Di Santo, S.G. Di Santo, R.M. Monaro, M.A. Saidel, Active

demand side management for households in smart grids using

optimization and artificial intelligence. Measurement 115,
152–161 (2018)

22. J. Kennedy, R.C. Eberhart, A discrete binary version of the

particle swarm algorithm, in 1997 IEEE International Conference
on Systems, Man, and Cybernetics. Computational Cybernetics
and Simulation, vol 5 (IEEE, 1997), pp. 4104–4108

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

J. Inst. Eng. India Ser. B (February 2022) 103(1):63–71 71

123


	Demand-Side Management in an Indian Village
	Abstract
	Introduction
	Theoretical Framework
	Smart Grids
	Smart Grid and Electricity Management on the Demand Side

	Proposed Methodology
	System Model
	Data to be used
	Mathematical Formulation for Demand-Side Management
	Objective Function
	Binary Particle Swarm Optimization (BPSO)

	Simulation Results
	Conclusion
	Funding
	References




