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Abstract - Electric utilities may face new threats with increase in electric vehicles (EVs) in the personal automobile market. 

The peak demand will increase which may stress the distribution network equipment. The focus of this paper is on an 

adaptive control of smart household appliances by using an intelligent load management system (ILMS). The main objectives 

are to accomplish consumer needs and prevent overloading of power grid. The stress from the network is released by limiting 

the peak demand of a house when it exceeds a certain point. In the proposed strategy, for each smart appliance, the 

customers will set its order/rank according to their own preferences and then system will control the household loads 

intelligently for consumer reliability. The load order can be changed at any time by the customer. The difference between the 

set and actual value for each load’s specific parameter will help the utility to estimate the acceptance of this intelligent load 

management system by the customers.
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1. Introduction

Electricity generation and its consumption deal with three 

important features [1]: 1) power generation and its demand 

must exactly match; 2) power demand always varies 

according to the consumer needs during a day; 3) electricity 

can’t be stored economically. The balance between power 

generation and demand may worsen due to large penetration 

of non-flexible renewable energy sources in the power 

system. Furthermore, the large penetration of electric vehicles 

may significantly de-stabilize the power system. To enhance 

the stability and reliability of the network, it requires 

implementation of Demand Response (DR) and other enabling 

techniques. In demand response, customer controls the load 

with maximum load limit fixed by the utility or may lower 

its load than the fixed point, if getting more incentives from 

the utility. Demand response, as defined by the North 

American Electric Reliability Corporation (NERC) “is the 

change in electricity usage by end use customers from their 

normal consumption patterns in response to changes in the 

price of electricity (price-based demand response), or to 

incentive payments designed to induce lower electricity use 

at the time of high wholesale market prices or when system 

reliability is jeopardized (incentive-based demand response)” 

[2],[3]. 

The integration of electric vehicle to the distribution 

network may cause various problems. Therefore, to make 

their appearance transparent, peak load shaving is a major 

subject of concern from long time. For the purpose of peak 

load reduction, different strategies can be implied. The 

distribution network load can be leveled by controlling the 

charging time of EVs, while batteries can be used as a 

source of electric energy when EVs are in idle state [4]. To 

increase consumer reliability, rapid charging stations can be 

implied in the distribution network to provide fast charging 

facilities, but the maximum number of electric vehicles that 

a station can handle depends on its available capacity [5]. 

The integration of renewable sources increases the 

generation capacity thus providing more capacity for EVs 

[6]. However, the impact of EV on distribution network 

depends on the share of the type of electric vehicle in the 
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network as three types of green vehicles are available in 

the market: plug-in electric vehicle (PEV), pure battery 

electric vehicle (BEV) and plug-in hybrid electric vehicle 

(PHEV) [7]. In order to analyze the impact of electric 

vehicles on distribution network, the charging demand of 

EV under different scenarios has been analyzed [8]. During 

peak load period, online charging technique of EV has also 

been implied [9]. Moreover, Fast charging infrastructure can 

be implemented on highways for consumer comfort [10]. To 

reduce the peak demand, various kind of demand response 

(DR) strategies have been adopted by electric utilities 

during peak load period [11]. An optimized price-based 

demand response technique, to control the power transfer in 

context of V2G system for electric vehicles and storage 

space heating to control the residential peak power demand 

has been studied in [12]. 

This paper focuses on incentive-based demand response. 

An intelligent system has been developed which controls the 

load according to the consumer’s choice to ensure reliability.

2. Residential and EV Load Modeling

The hourly load data of the household appliances have 

been taken from the RELOAD database [13], which is used 

by the Electricity Module of the National Energy Modeling 

System (NEMS). It contains variety of representations of 

load shapes for the residential, commercial and industrial 

demand sectors. In RELOAD database, the following types of 

residential sector loads have been described: space heating, 

space cooling, water heater, cooking, microwave, dishwasher, 

refrigerator, freezer, clothes washer, clothes dryer, television 

and others.

In this paper, the above mentioned household loads are 

divided into two categories: smart loads and uncontrollable 

loads. Smart loads are those loads which respond to 

intelligent load management system (ILMS) and may affect 

the consumer life. The uncontrollable loads are those which 

cannot be controlled or these are very important loads. In 

this study, space heater, space cooler, clothes dryer and 

water heater are taken as smart loads whereas other loads 

are considered as uncontrollable loads.

The mathematical models of these loads and electrical 

vehicle developed in [14] have been used for study in this 

paper. 

The electric vehicle’s load profile depends on its battery 

capacity and daily travelling distance. There are many 

valuable considerations about EVs which will simplify this 

study. It has been considered that the total plugged-in time 

for an EV in a household is 10-15 hours/day, while the 

travelled time is only 1-2 hours/day which may be different 

for weekdays and weekends [15]. This allows the consumer 

to shift the charging time of EV from plug-in time and 

helps in reducing the peak power demand as most of the 

EVs return to home in evening at about 17:00 [16].

Nissan LEAF’s electric vehicle [17] has been used in this 

paper for study and the specifications are given in Table 1:

Battery 

Size

Energy 

Available

Driving 

Range

Charge 

Power

24 kWh 19.2kWh 100 miles 3.3kW

Table 1 Fault simulation results

The following three parameters of EV has been 

considered during modeling: the rated charging power, the 

plug-in time and the Battery State of Charge (SOC). The 

battery SOC depends on the daily travelling distance of 

electric vehicle.

3. Strategy Design for Adaptive Control

An intelligent load management system has been 

developed to control the smart loads. As described earlier, 

the household loads have been divided into two types: 

smart loads and uncontrollable loads. If there is the 

maximum load limit set by the consumer or utility, the 

system will check the total load demand of household 

appliances. If the total demand is greater than the set limit, 

it will turn off some of the smart loads according to the 

consumer’s choice to maintain consumer reliability without 

increase in load demand limit.

In case, the total household load is greater than the set 

point, the ILMS system performs its actions. The actions in 

ILMS system are performed as shown in Fig 1:

In ILMS system, consumer sets the load order from 

highest to lowest and conditional settings for each 

household appliance. For example, HVAC may be of highest 

priority and water heater may be of lowest priority. The 

conditional setting for EV may be that it must charge 

before 07:00 and for water heater the temperature must not 

be lower than 110°F. The consumer can change these 

settings at any time. The system manages the household 

load according to the load’s order and conditions. If the 

condition for a load violates then it makes the order of that 

load higher.
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For water heater and cooling/heating system, the 

conditional settings are based on the temperature set 

point. If total demand is more than the peak limit, the 

temperature set point will change regardless of the load 

order. The temperature set point will change to its initial 

value if the load conditions are violated and the order of 

the load raised enough to turn it on.

For clothes dryer and EV, the conditional settings are 

based on the end time of the job. Clothes dryer consist 

of a heating coil and a motor. The heating coil will turn 

off if the duration to finish the job is more than the 

remaining time and the total demand is more than the 

peak limit. The coil will turn on if the duration is less 

than or equal to the remaining time and the load order 

is raised enough. In case of EV, charging depends on 

the remaining time to finish the recharge process.

The maximum load limit could change according to the 

time of the day and the consumer can also set different 

load order and conditional settings according to own 

preferences for different time duration. Moreover, Consumer 

can change the settings at any time. 

So, the household power demand PH can be defined as 

follows:

     
                   (1)

where,

 : Household power demand (kW)

 : Current demand (kW) of the house

 : Household load limit (kW) assigned by the 

utility

The ILMS system optimizes the control of the smart 

appliances as shown in (2):

      
               (2)

where,

 : Total load of the house (kW) after ILMS 

operation

 : current load of the house (kW)

 : Lowest order load (kW)

 : household load limit (kW) assigned by the utility

 : , … 2, 1

ILMS system not only controls the smart appliances 

considering consumer’s preferences but also increases the 

load factor.

Fig. 1 Control Algorithm for ILMS system
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4. Case Study

In this case study, a household with all of the above loads 

has been considered and the values for the rated power of 

appliances are taken from RELOAD database and [18].

The simulation is performed from 17:00 to 8:00 as most 

of the EVs reach home after 17:00. For peak power limit, 

time duration is divided into three regions as illustrated in 

Table 2. In a distribution system, the peak power limit can 

be applied by the utility for different time durations and 

may also vary during these durations depending on the 

generation capacity or only set during the peak load period. 

This limit can also be set by the consumer if utility is 

offering more incentives for lowering the load than the 

fixed load limit.

Different parameters such as total area of house, solar heat 

gain constant, temperature ranges for hot water and rooms, 

SOC of EV are fetched using uniform random distribution 

within a predefined range. The outdoor temperature data 

available in [19] has been considered in this study. The 

charging power for EV is assumed 3kW and it remains fixed 

during the whole charging time for simplicity. The time step 

considered for this simulation study is 15 minutes. The 

simulation has been performed by considering the average 

temperature range of Seoul for the month of January (coldest) 

because the maximum peak demand occurs in this month. 

However, the study can also be performed for a typical 

weekday, typical weekend and peak day of each month to 

analyze the impact of ILMS on consumer’s life more precisely. 

In this study, the load conditional settings are as follows:

1) If the room temperature goes below 65°F then make the 

heating system order high.

2) If the temperature of water heater goes below 115°F 

then make its order high.

3) If the remaining time to finish the job for cloth dryer is 

exceeding midnight, then its order gets high.

4) If charging of electric vehicle is not completing till 7:00 

then change its order to high.

Category Region 1 Region 2 Region 3

Time Region 17:00–19:00 19:00–23:00 23:00–08:00

Peak Power 

(kW)
10 8 10

Table 2 Peak Power Limit and Time Regions

Load order considered in this simulation for different 

time intervals are given in Table 3.

Time of the 

day
Load Order / Rank

Highest High Low Lowest

17:00 – 

23:00
HVAC

Water 

Heater

Cloth 

Dryer

Electric 

Vehicle

23:00 – 

05:00

Electric 

Vehicle
HVAC

Cloth 

Dryer

Water 

Heater

05:00 – 

08:00

Water 

Heater
HVAC

Electric 

Vehicle
Cloth Dryer

Table 3 Load order for simulation

4.1 Simulation Results

Figs. 2-6 show the simulation results to restrict the peak 

demand by using ILMS system. As shown in Fig. 2(b), there 

is a continuous increase in peak demand during 17:00 to 

20:00 because of EVs arriving at home and increment in 

household load. By restricting the peak demand, not only 

the stress from the distribution circuit is removed, but also 

the valley situation in load demand during night is also 

improved, with little influence on consumer’s life.

(a)

(b)

Fig. 2 Total Household Load profiles (a) with Intelligent 

LMS (b) without Intelligent LMS
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Fig. 3 EV Load profiles with and without ILMS

Fig. 4 Cloth Dryer Load profile with and without ILMS

(a)

(b)

Fig. 5 Water Heater Temperature profile (a) with Intelligent 

LMS (b) without Intelligent LMS

(a)

(b)

Fig. 6 Room Temperature profile (a) with Intelligent LMS 

(b) without Intelligent LMS

Category
Heating 
System

Water 
Heater

Clothes Dryer
Electric 
Vehicle

Load 
Conditional 

Setting
65°F 115°F

Job must  
finish till 

00:30

Charging must 
complete till 

07:00

Actual 
Results

64.01°F 114.68°F
Job finished 

at 01:00

Charging   
Completed at 

07:30

Table 4 Simulation Results

As shown in Fig. 2 (a), peak demand of the house has 

been limited according to Table 2 whereas in Fig. 2 (b), it 

is 16.48 kW without using intelligent LMS system.

In Table 4, actual results have been compared with the 

conditional setting, which show the degree of effectiveness of 

consumer for each type of load. The load order that has been 

considered for this study is mentioned in Table 2. Moreover, 

the consumer can change it any time or fix it for other time 

durations. The load factor is also improved by using ILMS 

system. The results of load factor are given in Table 5.

Category without ILMS with ILMS

Load Factor 45.97% 73.98%

Table 5 Load Factor
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5. Conclusion

The number of electric vehicles is increasing in vehicle 

industry worldwide. This increased penetration will jeopardize 

the stability of electrical distribution network. One way to 

handle new peak demands is to increase the generation 

capacity and upgrade the existing distribution networks to 

accommodate increasing demand. Other way is the use of 

demand response techniques. This study discussed a way to 

control household appliances while peak demand remains the 

same thus making the electric vehicle contribution, 

transparent in the distribution network without affecting the 

consumer. In this technique, the control of appliances is in 

consumer’s hand. This method will help the utilities to 

analyze the effects of ILMS system on customer’s routine life. 

Furthermore, this method can be extended for whole 

distribution network to consider its acceptance by the 

consumers. If electric vehicles are available with different 

charging rates, more charging power can be selected during 

night time. This will not only lower the effects of this 

technique on consumer but will also improve the valley 

situation in load demand during night. 
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