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Abstract 
 
Smart Grid (SG) technology coalesces communication and information 

technologies into the conventional grid. In the paradigm of SG, demand 

response is one of the effective techniques to establish equilibrium between 
the consumers comfort and requirements of utilities. This paper proposes a 

dynamic priority based residential load scheduling algorithm for Home Energy 

Management System (HEMS). HEMS can effectively schedule load(s) in a 

residential building for a utility provided Maximum Demand Limit (MDL) to 
reduce total price of energy payable by the consumer to the utility. MDL is 

maximum permissible amount of power that can be drawn from the grid in 

that hour without penalty. The MDL set by the utility and the penalty 
imposed, if used above the maximum permissible limit, are taken as major 

parameters by the HEMS for demand response. A prototype model has been 

set up in the laboratory using developed smart load nodes (SLN) to validate 
proposed scheduling algorithm for HEMS in real-time scenario. The SLNs are 

embedded with Wi-Fi connectivity to exchange information with HEMS. The 

advantages of employing proposed scheduling algorithm in HEMS using SLN 

is explained through a case study followed by cash payback period analysis. 
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1 Introduction 
 

The classical manner of operation of conventional power grid is 

unidirectional where large power plants try to keep generation and demand 

balanced. New power generation technologies are being integrated with the 
conventional power grids to meet the increasing energy demand. Integration of 

new volatile energy sources and efficient management of generation and 

demand is one of the challenging tasks call for sophisticated control 

techniques. Embedded with such sophisticated control techniques from 
generation level to consumer level, integrated with intelligent information and 

communication technology (ICT), Smart grid (SG) can deal such challenges 

effectively and transcends conventional power grid in terms of efficiency and 
reliability of operation [1]. There are many definitions of SG. According to 

Electric Power Research Institute, The term Smart Grid refers to a 

modernization of the electricity delivery system so it monitors, protects and 

automatically optimizes the operation of its interconnected elementsfrom the 
central and distributed generator through the high-voltage network and 

distribution system, to industrial users and building automation systems, to 

energy storage installations and to end-use consumers and their thermostats, 
electric vehicles, appliances, and other household devices [2]. 

SG provides energy to consumers in most economical way by integrating 

two-way communication between electricity provider (utility) and consumer. 
However, the issues and challenges associated with ICT and its integration 

with smart grid and quality of service mechanisms should be addressed for 

enhanced grid operation [3]. Further, addressal of abilities and advantages of 

demand response (DR) programs in SG environment is also required. Salient 
features of SG at demand side are substation automation, smart metering and 

demand side management (DSM). It is an imperative feature of smart grid 

which helps utility in reducing the peak load demand. DSM is referred to as 
controlling the energy consumption from customers point of view to minimize 

the energy consumption at domestic environment. DSM is moving towards 

customer driven activity from utility driven activity. DSM can analyze, 
monitor and respond to the changes in load. Demand response (DR) is one 

category of DSM which facilitates consumer participation in SG [4]. When 

system reliability is jeopardized. Siano P. has suggested that customers can 

participate in DR either by application of various load curtailment strategies or 
by shifting operating time of certain home appliances or by using their own 

standby generator unit [5] 

Building equipped with distributed intelligent control in its appliances are 
referred to as smart residential building. Master control system of 

aforementioned distributed intelligence is referred to as smart home energy 

management system (HEMS). The United States Energy Information 

Administration publishes estimates which suggests that in 2016 alone, power 
consumption in residential and commercial sectors accounts for approximately 

40% of total U.S. energy consumption [6]. This implies efficient consumption 

of electrical energy in residential building will have substantial effect on the 
reliable operation of electrical power grid. 
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. Home Automation System (HAS) brings interoperability, minimizes 

intrusiveness and enhances security and safety of the existing system [7]. Han  
and Lim have improved the architecture of ZigBee based smart HEMS by 

introducing generic sensors and actuators based data acquisition [8]. Power 

line communication and smart metering based HEMS is discussed by Son 
Y.S. et al. which collects real-time intel of home energy consumption, 

intelligent appliances control and optimization of power consumption and 

delivers benefits of resource utilization, conservation of energy and reduction 
of electricity bill to consumers [9]. Liu X. et al. have developed real-time 

household load priority scheduling algorithm which prioritizes the home 

appliances depending on availability of renewable sources and change in 

electricity market price. Their work considers only available amount of 
renewable energy [10]. Smart HEMS is proposed to optimize the energy 

consumption and generation using home server, which gathers information 

through ZigBee and PLC based renewable energy gateway. Further energy 
measurement and communication module is developed to provide distributed 

sensing of individual connected appliance parameters. Proposed module 

measures power factor of connected appliance based on phase difference 
among voltage and current phasor which makes it unsuitable for appliance 

drawing non-sinusoidal current (non-linear loads) [11][28]. Smart HEMS 

proposed by Hu Q. et al. incorporates 4G, ethernet communication, load 

parameters sensing technology, machine learning algorithm based human 
activity analysis, real time price signals and consumer preferences to control 

the loads. It enables new dimensions to accomplish a real-time price-

responsive control strategy for various residential loads at consumers side but 
lacks scheduling of individual appliance using dedicated mobile load control 

unit and efficient scheduling algorithm [12][30]. Overview of HEMS and DR 

programs in various situations using simulations and numerical analysis is 

presented in a review article. It implies success of DR programs which 
involves incentives to consumers upon shifting of their load operation from 

peak hour to off-peak hour [13][22]. 

The performance of HEMS using ZigBee for end user energy management 
has been showed by hardware model considering communication time delay 

[14]. Linear programming-based optimization model was proposed to regulate 

load level of a given consumer in response to electricity prices on an hourly 
basis which concludes with reduction in electricity bill of a consumer 

[15][29]. A Time-of-Use (TOU) pricing appliance scheduling scheme is 

proposed to incorporate DR in HEMS backed by simulation results [16][23]. 

Cloud based smart HEMS is presented by Lee Y.T. et al. which requires smart 
appliances in HAN for the implementation of DR [17][24]. Game theory 

based scheduling algorithm for multiple users is presented in the article 

[18][25] where researchers have developed an autonomous and distributed 
DSM which minimizes energy costs of each user or group of users and also 

harm the cheating user or group of users upon detection of untruthful 

behavior. Logenthiran T. et al. [19][26] have performed management at  
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consumer side using heuristic optimization. Their algorithm focuses on group 

of users rather than single user and performs shifting of loads as dictated by 

evolutionary algorithm. Various communication technologies involved in 
development of HAN at consumer side and different pricing policies are 

discussed by Zhu Z. et al. [20][27] and indicated Wi-Fi IEEE 802.11 [ref of 

standard] as a low cost reliable wireless technology for development of HAN. 
 

2 Proposed Methodology 

 
Work presented in [8]-[19] do not address implementation of DR by 

triggering individual home appliance operation based on their priority of 

operation using distributed sensing provided by dedicated SLN. If total power 
demand of non-schedulable loads is less than maximum demand limit (MDL), 

it is expected that scheduling algorithm shall schedule schedulable loads and 

ensure total consumption is below MDL. Additionally, it can reduce power 
wastage and shall enhance consumers comfort. This paper focuses on the 

command and control of residential loads by HEMS considering parameter 

provided by utility and consumers comfort as reference. This paper proposes a 
new dynamic priority based load scheduling algorithm for demand response in 

a smart residential building. 

Proposed system includes distributed network of smart load nodes (SLN) 

with a master control unit referred to as load management unit (LMU). 
Network of SLNs and LMU is known as Home area network (HAN) and 

whole system is known as HEMS. This system is employed in a residential 

building, in which load parameter of individual load is transmitted by SLN to 
LMUs application layer for further processing. The application layer of HEMS 

or LMU is implemented in a portable computer, written in Python script. The 

obtained information received via SLNs is processed by the proposed 
algorithm running in application layer for scheduling of household loads. To 

incorporate DR, it is assumed that utility will be notifying about MDL in a day 

advance for upcoming day. MDL is defined as maximum permissible amount 

of power that can be drawn from the grid in that hour without penalty. Further, 
the cost analysis of HEMS is incorporated in this article which illustrates the 

savings in electricity bill of a building after incorporating scheduling 

algorithm compared to without incorporating it.  
 

3 Architecture of Proposed HEMS Using SLN 
 

The collection of information from distributed sensor nodes plays a key 
role in the proposed HEMS. Decision taken from the obtained information 

benefits both consumer and utility. In general, a smart building/home with 

HEMS consists of the following components. Sensors that monitor and submit 

messages, Actuators that perform a physical action, Controllers which control 
units and devices based on programmed rules set by user, Central unit which 

enables programming different units of the system, Interface by which the user 

communicates with the system, Network that allows communication among 
several units and Smart meter that offers two-way, near or real-time 

communication between consumer and utility. 
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Figure 1 Illustration of Home Energy Management System in a Smart Home 

 

A block diagram of smart home equipped with proposed HEMS is 
illustrated in Figure 1. It can be observed that home appliances are connected 

to power supply via smart load node (SLN). SLN contains voltage and current 

conditioning circuits, microcontroller, Wi-Fi module, OLED display and 
matrix keypad. SLNs are acting as data acquisition points in developed 

HEMS, can be used to configure the operation of connected appliance. Block 

diagram of SLN is depicted in Figure 2. 

 

 
 

Figure 2 Depiction of SLN and its Constituent Blocks 

 

Residential loads are grouped in three categories namely non-interruptible 
and non-schedulable loads (NINSLs), interruptible and non-schedulable loads 

(INSLs) and schedulable loads (SLs). Loads required immediate operation like 

light, fan, TV, entertainment loads, PC, printer, mobile/laptop chargers and 
kitchen loads are categorized as NINSLs. INSLs are basically temperature 

controlled loads; e.g. electric water heater, space heater, air-conditioners etc. 

SLs are further grouped in two categories namely non-interruptible 

schedulable load (NISLs) and interruptible schedulable loads (ISLs). Loads, 
which are supposed to operate without any pause like washing machine and  
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mixer grinder are among NISLs whereas well pump, Plug-in hybrid electrical 

vehicle (PHEV) and dish washer which can operate with or without 

interruption in user defined time are classified under ISLs category [21]. 
Only operation of SLs, connected with dedicated SLN, are taken care by 

HEMS. It comprises of many SLNs communicating with common application 

layer over Wi-Fi. SLNs measure electrical parameters of loads and send to 
LMU over Wi-Fi. Upon reception of data, LMU processes received 

information according to PSA and choose appropriate action among 

interruptible scheduling or non-interruptible scheduling and instruct respective 

SLNs to execute chosen operation. Equations (1-2) are used to calculate RMS 
of voltage and current, apparent power and active power consumed by the 

appliance connected to supply through SLN. 
                                       

    (1) 

 

      (2)                                                                
            

Where RMS represents root mean square of voltage and current. N is the 

number of samples in one time period or multiple of time period. x[n] is value 
of sample at n

th 
instant. S represents apparent power. 

 

4 Realization of Scheduling Algorithm in HEMS through SLN 
  

The main objective of proposed load scheduling is to reduce the total cost 

of consumption of electrical energy by the consumer. Nomenclature used 

during realization of algorithm are as follows: 
The objective function of proposed scheduling algorithm is to minimize 

total electricity bill of a consumer which is composed of two factors namely 

total cost incurred to consumer against their energy consumption and penalty 
imposed on them. Combining aforementioned factors, objective function 

representing total electricity bill is expressed by (3) and (4).  

Minimize   
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It is prerequisite of a scheduling algorithm to incorporate operational 
characteristics of different category of loads before their scheduling 

considering MDL information. NISLs is defined to operate uninterruptedly 

and complete the task within the user defined interval, is expressed by (7).  

Upon mathematical modelling of loads, objective of the proposed 
algorithm is to calculate priority of residential loads. The priority of individual 

load is denoted by , expressed by (10). It can be discerned from the (10) that 

load priority is function ofα, β and γ which ranges from 0 to 1. Following load  
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prioritization, high priority loads are scheduled by postponing low priority 

loads, if the total power consumption in that interval is crossing the MDL. 

 
1 





ih     

 (7) 

After priority calculation, loads are sorted in descending order according 
to their priority by the algorithm. Priority algorithm permits loads having their 

priority equal 1, to operate in user defined interval irrespective of MDL. Loads 

with priority between 0 and 1 are checked according to the descending order 
whether it can be scheduled without crossing the MDL. In an event where 

consumption during that interval reaches equal to MDL will postponed lower 

priority loads to next interval. Present algorithm considers a duration of 15 
minutes is equal to 1 interval which sets maximum number of interval in a day 

(M) equals to 96. The scheduling interval and utility pricing interval are 

illustrated in Figure 3a. The flow chart for priority based load scheduling 

algorithm (PSA) using SLN is shown in Figure 3b. 
 

 
 

Figure 3a Total Number of Intervals in one day 
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Figure 3b Proposed Priority Based Load Scheduling Algorithm 

 
5 Experimental Results 
 

This section describes the employment of DR program in a smart home 

using proposed Priority based load Scheduling Algorithm (PSA) by virtue of 

distributed sensor network of SLNs followed by two case studies. 
 

5.1 Case1 
 

During first case study, all loads are considered as NINSLs. Here, 
operating time of loads are considered as subject of a person’s own desire and 

comfort where MDL is not a subject under consideration. All loads are 

switched by human intervention. This case study is referred to as Non-

utilization of Priority based load Scheduling Algorithm (NSA). 
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5.2 Case 2 
 

During second case study, loads are grouped into different categories. 

Human intervention requires during logging of start time, stop time and 
interval of an individual load in SLN. Upon data logging, load scheduling is 

dealt by proposed priority based load scheduling algorithm (PSA). The 

optimized electricity bill is achieved by with PSA. Case studies are conducted 

considering the realtime residential load parameters and are mentioned in 
Table 1 along with their power ratings. 

The utility electricity tariff is assumed to be 3 per unit and penalty of 6 per 

unitif MDL is crossed. It is also assumed that LMU is receiving MDL 
information from the utility in one-day advance via SEM. MDL information 

received from the utility for the case study is assumed and illustrated in 

Figures 4 and 5 is obtained assuming general duration of operation of 
considered appliances. Abscissa of both figures depict time intervals of 

operation of loads. Each interval is assumed to be of 15 minutes leads to 96 

intervals in a day where duration of first interval is from 00:00:00 to 00:14:59 

and duration of 96th interval is from 23:45:00 to 23:59:59. 
 

 
                        

Figure 4 MDL for a single day 

 

 

 

 
 

 

 
 

 

 
 

 
 

 

Figure 5 Time Span of each Load 
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The loads are scheduled at various timing asin two cases as explained 

previously. First case is scheduling under NSA and the second one is under 

PSA. Figures 6 and 7 shows scheduling of individual loads under two cases i.e 
the Power consumption in NSA is more w.r.t every load as compared to the 

operation of loads using PSA. 

The time varying demand of residential building during NSA and PSA are 
obtained and it is presented in Figures 8 and 9. The demand in PSA method is 

distributed in all intervals further the total demand of the building is 

maintained under MDL in almost all the intervals as compared to NSA. Thus, 

using SLN with a scheduling algorithm, a user can control his loads and 
operate efficiently within MDL. 

 
5.3 Cost Analysis of Proposed Work 

 

The cost analysis of the proposed work is given bill with NSA = 60.52 Per 

day electricity bill with PSA = 45.00 Per day electricity bill savings = 15.52 
 

 

 

 
                   

 

 

 

 

 

 

 

 

 

 

Figure 6 Power Consumption in NSA 

 

 
 

Figure 7 Power Consumption in PSA 
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Figure 8 Schedule of Loads in NSA           

           

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

    

 

Figure 9 Schedule of Loads in PSA 

 

For the proposed system, the Cost of the proposed Product is observed to be 

4 years which is 40% of the project life time. Thus, from the case study it is 
confirmed that the proposed SLN for a smart home can be implemented for any 

number of residential appliances which is profitable in reducing the electricity 

bill with the usage more number of schedulable loads. 
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Table 1 Opeational Mainatance Cost of Smart Load Node Components 

 
Components Life 

Time 

Q Cost 

Wi-Fi 

Module 

5 5 200 

Volatage 

Sensing unit 

5 5 300 

Micro 

Controller 

unit 

5 5 500 

Current 

Sensor Unit 

5 5 250 

Display Unit 5 5 600 

Miscelleneo
us 

Components 

5 5 150 

Where Q denotes Quality 

 

        6 Conclusion 
 

Inorder to increase the cost efficiency it is better to replace the component 

which is out of working condition than that of buying the entire product as 
shown in the Table2. It is observed from our proposed work that the annual 

electricity bill with NSA is Rs. 19746.5/- whereas the annual electricity bill 

during first year of project with the proposed system using PSA is observed to 
be Rs. 16352/-. This shows an effevtive improvement in the annual saving of 

Electrical Cost with Rs.3394.5/- per year. The inflation rate of electricity price 

is considered as 8% per year. Operational Maintenance cost is the expenditure 

during ith year towards the operation and maintenance of Smart Load Node 
components. Net Present Value is calculated for every year of the project 

lifetime (n =10 years). In future we can extend this work for controlling the 

nodes from anyplace of user’s choice. 
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