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ABSTRACT

 
 

In future power systems, in the smart grid and microgrids operation paradigms, consumers can be seen as an energy resource with decentralized and 

autonomous decisions in the energy management. It is expected that each consumer will manage not only the loads, but also small generation 

units, heat- ing systems, storage systems, and electric vehicles. Each consumer can participate in different  demand response events promoted by system 

operators or aggregation entities. This paper proposes an innovative method to manage the appliances on a house during a demand response event. The 

main contribution of this work is to include time constraints in resources management, and the context evaluation in  order to ensure the required 

comfort levels. The dynamic resources management methodology allows a better resources’ management in a demand response event, mainly the ones of 

long duration, by changing the priorities of loads during the event. A case study with two scenarios is presented considering a demand response with 30 

min duration, and another with 240 min (4 h). In both simulations, the demand response event proposes the power consumption reduction during the 

event. A total of 18 loads are used, including real and virtual ones, controlled by the presented house management  system. 
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1. Introduction 

 
In the new electrical networks operation paradigm, consumers 

will be seen as active resources with capability to manage their 

energy consumption, energy generation, and energy storage sys- 

tems. To implement this vision, several approaches have been 

proposed with the main focus on the concepts of smart grids and 

microgrids [1]. The development of smart grids requires, at the 

same time, the development of new other concepts such as the 

smart meter or the smart home. 

A smart home can be defined as a house which comprises a 

network communication between all devices of the house allow- 

ing the control, monitoring and remote access of all applications 

and services of the management system. The management sys- 

tem should include advanced functions, such as the management 

of electric vehicles, the interface with external operators, security 

functions, health care prevention, and among others [2,3]. Accord- 

ing to [4], to be considered smart, a home should include three main 

 

 
elements: the internal communication network, intelligent control 

systems, and home automation. In our opinion, this concept should 

be extended in order to integrate external communications. In fact, 

the house management system should be capable of interacting 

with external entities such as services aggregators, utilities, and 

health entities, among others, making decisions according to these 

interactions. The automatic participation in demand response (DR) 

events is an interesting example. In DR events, the house manage- 

ment system should reduce the electricity consumption based not 

on internal information, but on the interaction with an external 

entity. 

The complexity of the house management systems (HMS) 

should be significantly increased in a near future. HMS should 

be able to manage effectively the total consumption, distributed 

generation units, electric vehicles, and also the participation in 

demand response events. On the other hand, the HMS should con- 

sider the consumption efficiency, the minimization of the energy 

bill, and the required comfort levels in the operation context [5]. 

The smart home system should provide the required comfort level 

in each context considering the minimum energy consumption 

and the minimum operation costs, including the maintenance [6]. 

To improve the performance of the house management systems, 

it is necessary to include the ability to autonomously acquire 
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Fig. 1.  SHIM user interface. 

 

 

 
Fig. 2.  Architecture of the intelligent energy  management. 



 

 

 

 

Fig. 3.  Description of the resources management  module. 

 

knowledge on the user’s behavior adjusting the consumer’s pre- 

ferences (profiles) during the management process, improving 

the global system performance, and the consumers’ satisfaction 

[7]. This characteristic will be very important to the control of 

devices during a demand response event in order to reduce the 

electricity consumption without changing the comfort levels too 

much [8]. 

In this paper an innovative energy management method to be 

included in the Supervisor Control and Data Acquisition House 

Intelligent Management (SHIM) [9] is proposed. SHIM is a sim- 

ulation platform developed and implemented in the Knowledge 

Engineering and Decision Support Research Center (GECAD). SHIM 

works as a HMS with some advanced functions that allow the con- 

trol of real hardware, namely real loads, batteries, photovoltaic 

panels, wind generation, and other devices. Other interesting fea- 

ture of SHIM is the possibility of managing real and virtual loads 

in the same simulation. On the other hand, SHIM is included  in 

a smart grids simulation platform based on multi-agent systems 

called Multi-Agent Smart Grid Simulation Platform (MASGriP) [10]. 

In fact, MASGriP integrates several SHIM, one in each consumer 

agent. The integration of SHIM in MASGriP allows the simulation of 

more complex tasks, such as demand response events promoted by 

the system operators or by the aggregators implemented in MAS- 

GriP, like the virtual power players (VPP) or the curtailment service 

providers (CSP). Several types of demand response programs have 

been proposed by different systems operators in order to try to 

develop adequate programs for different situations. According to 

[11], the load curtailment in the demand response programs can 

vary between 15 min and more than 5 h. 

The structure of this paper begins with the introduction in Sec- 

tion 1. Section 2 introduces several concepts and methods used in 

the energy management systems, in the domestic consumers’ con- 

text. Section 3 describes the methodology proposed in the paper for 

the intelligent management system to participate automatically in 

the DR events. Section 4 presents the main results of the case study 

considering the loads used in the simulation and the characteriza- 

tion of the scenarios tested. The main conclusions are presented in 

the last section, as well as the main contribution of the work. 

 
2. Energy management concepts 

 
The increase of energy and of electricity consumption makes the 

effectiveness counteract actions essentials [12,13]. To improve the 

efficiency of the residential sector, it is important to disaggregate 

consumptions by floor, room, and device to evaluate the devices’ 

efficiency, as well as the expected consumption behavior [14,15]. 

The replacement of inefficient devices for more efficient ones can 

decrease the energy consumption. However, the energy consump- 

tions monitoring is important in large time periods in order to 

quantify the replacement advantages. In the following subsections, 

the house energy management systems will be discussed in detail 

providing more information on intelligent applications, and on the 

management of demand response events from the house’s point of 

view. 



 

 

 

 

Fig. 4.  Refrigerator load profile between 8:00 PM and 10:00   PM. 

 

2.1. House energy management systems 

 
House management systems are not a new concept. In [16], 

a HMS is proposed focusing on the monitoring, controlling and 

management aspects with the objective of defining the electricity 

consumption user’s profiles to identify weak behaviors. The first 

HMS systems are focusing on implementation aspects. However, 

the use of intelligent applications in home automation through 

micro-controllers is proposed in [17], and some advanced method- 

ologies concerning the use of more accurate communications, 

protocols and control methods to improve the robustness of the 

HMS are presented in [18]. 

Many advances were proposed in order to improve HMS sys- 

tems, such as the existence of integrated residential gateways [19] 

or the use of home internet network in HMS systems [20]. More 

features are proposed in [21], namely the use of wireless communi- 

cation and the remote access to monitor and control house devices. 

The use of user location, user motion detection, and measure- 

ment/control devices in house’s electricity sockets is proposed in 

[22], in order to determine the user’s consumption profile. Besides 

other features, this system allows turning off some devices when 

rooms are empty (without persons). 

Besides the electricity consumption management,  in  [23]  a 

HMS capable of joining the management of electricity and gas 

consumption is proposed. In [23], it also addressed the  user’s 

active participation and the contribution for a better perfor- 

mance/efficiency of the system. In [13], electricity consumption 

profiles collected  according  to  several  factors  which  influence 

the consumption are analyzed, such as the comfort levels or the 

weather. This work allows a better understanding of the con- 

sumption behavior of consumers with different profiles, different 

necessities, and in different use   contexts. 

Currently, several HMS solutions are proposed for companies 

and organizations. However, the massive use of HMS is still not a 

reality. In [24] are appointed some barriers to the massive use of 

HMS, namely users that are not aware of the existing technologies; 

high prices of the existing solutions; and the weak users’ inter- 

faces proposed in HMS. These barriers represent opportunities to 

the development of new methodologies to integrate in the HMS, as 

well as in the development of new HMS. 

2.2. Management of demand response events in house 

management systems 

 
Demand response (DR) programs can be an important energy 

resource in the future power systems. Large consumers (industry 

and large commerce) are the main focus of the actual DR pro- 

grams. However, small consumers, including the  domestic ones, 

can provide more a flexible response in these events [25]. The man- 

agement of DR events in the HMS is an important challenge for 

future HMS, in order to take monetary advantages from the partic- 

ipation in DR events. The future house management systems should 

be able to manage automatically demand response events consider- 

ing the consumers’ point of view, regarding the consumption/prices 

off sets, and the loads preferences   [26]. 

Several types of demand response are available being the 

Time-of-Use (TOU) programs the most popular. TOU encourage 

consumers to decrease the consumption in response to a higher 

electricity price [27]. The participation in DR programs can be 

managed by an aggregator entity, for instance by the curtailment 

service provider (CSP). The CSP can manage the participation in 

demand response events of more than one consumer, making some 

guaranties to the system operators, and providing services to the 

consumers. 

In [28] it is proposed that communication architecture is com- 

posed of different layers, considering a layer to implement the 

interface between the HMS, and the system operator energy man- 

agement system. The loads management was implemented in 

another layer using a mixed-integer programming in order to 

minimize the operation costs considering the demand response 

opportunities. 

 
2.3. State of the art summary and main contributions 

 
The active participation of consumers in the future power sys- 

tem management is one key issue for their success. To achieve these 

challenges, more intelligent and adaptive house management sys- 

tems should be used in order to ensure an appropriate response to 

the operation system’s needs. The research and development activ- 

ities concerning the house management systems are focused on 

their architecture, protocols, security, and efficiency management. 



 

 

 

 

Fig. 5. Dynamic loads priority method for each period of the optimization process. 



 

 

 

 

Fig. 6. Diagram to identify the characteristics of the load in a management event. 

 

However, the future HMS should be capable of communicating with 

the utilities management systems, improvising the global system 

reliability, effectiveness and efficiency and, from the consumer’s 

point of view, the reduction of the energy bill. 

The management of demand response programs in intelligent 

house management systems is one of the most important interac- 

tion mechanisms between consumers and system operators. One of 

the main challenges is to participate in the DR events ensuring the 

comfort levels required by users. In [29], the interactions between 

domestic consumers and the system operator are presented consid- 

ering the real-time prices demand response. The price base demand 

response represents an opportunity for consumers, yet it does not 

impose hard constraints in the power consumption. This type of 

events requires several studies from the system operator in order 

to understand the consumption elasticity of each consumer in each 

operation context. The work presented in [30] proposes an algo- 

rithm to manage four loads keeping the total power consumption 

below different limits according to the DR events. The algorithm is 

performed in real loads. However, the load curtailment is processed 

in the beginning of the demand response event, and it is kept during 

the event. 

The main contributions of the present paper are: 
 
 

1. The dynamic load management algorithms implementation in 

house management systems allowing better performances of the 

global system during a demand response event. In the proposed 

methodology, the load curtailment scheduling is adapted every 

minute, ensuring adequate comfort levels during the event, 

mainly in demand response of long time duration. 

2. The proposed methodology includes the operating requirements 

of the equipment in order to define the minimum time of func- 

tioning during the demand response event. These requirements 

have been included in the optimization methodology in order 

to obtain a dynamic scheduling during the DR event, and not a 

constant scheduling for all events. 

3. The proposed methodology also considers the context identifica- 

tion and the user’s profiles inputs to adjust the load curtailment 

schedule. 

4. Furthermore, the proposed methodology considers the interac- 

tion with the users during the demand response event, given 

more flexibility to the proposed HMS. 

 
 

3. Dynamic load management algorithms during a demand 

response event 

 
To allow an active participation of consumers in the power sys- 

tems management, the future HMS should be able to participate 

automatically in demand response events. The participation in DR 

events means the reduction of the  electricity  consumption  dur- 

ing the event. To guarantee the consumption reduction, the HMS 

can cut or reduce some loads consumption, improve the power 

generation or re-schedule the electric vehicles charge/discharge 

processes. All these resources are implemented in the SHIM system. 

The SHIM system has been  developed  in  the  Intelligent Energy 

Systems Laboratory (LASIE), located at the Institute of 

Engineering—Polytechnic of Porto (ISEP/IPP). SHIM is a testbed 

platform with the main goal of testing, simulating, and validating 

new algorithms and methodologies to apply into house/buildings’ 

management. SHIM has real equipment such as several types of 

loads, distributed generation (photovoltaic panels, wind genera- 

tor), and storage systems that allow the simulation of the electric 

vehicles’ behavior. SHIM is part of a large simulation platform based 

in multi-agents systems. Multi-Agent Smart Grid Simulation Plat- 

form (MASGriP) is a test platform that simulates a competitive 

environment in future power systems [10]. SHIM is included in 

consumers’ agents in MASGriP. In complex scenarios, several con- 

sumers are included in the simulations, and consequently several 

SHIM systems are simulated at the same time. To ensure the simu- 

lation of big scenarios, SHIM is able to control real loads and virtual 

loads simulating the characteristics of the real ones. 

SHIM is composed of different modules, each one with different 

functions. The context identification module includes algorithms 

to characterize the actual use context considering different aspects, 

such as the weather, the time of day, the day of the week, the exter- 

nal temperature, the session, the user inside the house, and among 

others. The user’s profiles module includes comfort levels offsets 



 

 

 

 

Fig. 7. The power consumption for the Base Scenario without power limits. 

 

for each user, as well as the user’s preferences. The learning module 

includes learning algorithms to identify the changes in the user’s 

behavior during the system use period (years). The learning module 

changes the users’ profiles according to the feedback of the interac- 

tion between users and the system [31]. The optimization module 

includes several algorithms considering the operation in different 

contexts, and the existence of different resources. Afterwards, SHIM 

has control management modules able to communicate with load 

actuators, and with generation and storage systems inverters. SHIM 

allows using different user interfaces platforms namely touch pan- 

els, android devices, and remote computers. Fig. 1 shows some 

displays of SHIM user interface. 

In this paper, an innovative optimization algorithm considering 

a dynamic load management during a DR event is proposed and 

introduced in the SHIM system, increasing its functionality. The 

proposed  methodology  extends  the  SHIM  capability  concerning 

the participation in demand response, mainly in the long duration 

events, ensuring higher comfort levels than the previously imple- 

mented  methodologies. 

Several demand response programs can be implemented by 

system operators considering different aspects for participating in 

the programs. DR programs can be executed in periods of 15 min 

to several hours. From the house point of view, it is necessary 

to develop different methodologies to participate in different DR 

events. For example, it is possible to disconnect the air condition- 

ing or a refrigerator during 15 min, but it is impossible to disconnect 

this equipment for 5 h. 

 
3.1. Smart house intelligent management simulation platform 

 
The SHIM platform is composed of different modules, each mod- 

ule being composed of different algorithms to be used in different 
 

Table 1 

Information to identify the characteristics of the loads in the domestic consumer. 
 

 

Load SHIM control ID load Type Control Classification Ton Toff T 
 

Motor 1 Real 1 1 0 2 9 4 13 

Motor 2 Real 2 1 0 2 8 4 12 

Motor 3 Real 3 1 0 2 4 10 14 

Fluorescent Real 4 2 0 1 ∞ 0 40 

Halogen 1 Real 5 2 1 1 ∞ 0 40 

Halogen 2 Real 6 2 1 1 ∞ 0 40 

HVAC 1 Simulated 7 3 1 1 15 4 19 

HVAC 2 Simulated 8 3 1 1 6 4 10 

Water cooler Real 9 7 1 1 38 65 103 

Cooker extractor Simulated 10 6 1 2 50 50 100 

Refrigerator 1 Real 11 7 1 1 7 45 52 

Washing machine Real 12 5 1 3 10 15 25 

TV 1 Simulated 13 4 1 3 40 0 40 

Refrigerator 2 Simulated 14 7 1 1 10 40 50 

Microwave Simulated 15 6 1 3 3 0 3 

TV 2 Simulated 16 4 1 1 40 0 40 

Kettle Simulated 17 6 1 3 10 0 10 

Dishwasher Simulated 18 5 1 3 32 60 92 



 

 

 

 

Fig. 8. Power consumption for each load in Base Scenario (a) and Scenario A with 30 min demand response event (b). 

 

situations. The modules are grouped into three different parts, 

namely the Data acquisition, the Actuators, and the Intelligent 

Applications (Fig. 2). 
 

• In the data acquisition part, four modules are included, namely 

the sensors, the user interfaces, the external communications, 

and the internal functions. The sensors module aggregates all 

types of sensors and meters in the house, and also in the devices 

inside the house. The user interfaces module allows the commu- 

nication with different platforms, namely Windows, Android, and 

touch panels using the Modbus or TCP/IP protocol. The external 

interface allows the system remote access and the interaction 

with service providers’ entities (in the existing platform this 

interaction is simulated in the MASGriP platform). The demand 

response events are introduced in the system through this mod- 

ule. The internal functions module integrates several functions in 

the SHIM system, such as the time synchronization. In the pro- 

posed methodology, the time synchronization is important to run 

the optimization algorithm each minute. The internal functions 

module also integrates a negotiation function used to evaluate 

the participation in DR events, and a data acquisition function 

to determine comfort levels, the system efficiency, the estimated 

energy bill or the detection of abnormal functioning devices. 
• A database was included to store all the information provided by 

other modules. 
• The part of the actuators integrates all types of interfaces with real 

hardware, namely digital actuators, the analog actuators, inver- 

ters, motor drives, and among others. This module also includes 

the internal network management considering different proto- 

cols. 
• The intelligent applications part integrates all the advanced func- 

tions in SHIM systems, namely the identification of the context, 

the definition of priorities, learning algorithms, the users’ profiles 

identification, and the resources’ management. The modules also 

need information on the equipment’ functioning characteristics, 

and the actual status of each device. A trigger allows detecting 

new events to run all the algorithms. If the event was an order 

given by the user, the event trigger sends this order directly to the 



 

 

 

 

Fig. 9.  The power consumption cut for Scenario A. 

 
actuators, and in a second step, it sends the order to be processed 

by other modules. If the event was a demand response program, 

for example, the system does not need to execute any control 

action before the information is processed. With this mechanism, 

SHIM avoids delays between orders and actions. 

 

The SHIM system architecture is presented in Fig. 2. 
 
 

3.2. Resources management module 

 
The resources management module allows an intelligent man- 

agement of the energy consumption in a SHIM platform. The 

resources management module is activated by the event trigger, 

for instance when there is new information provided by sensors, 

changes in the power consumption limit or an external event, such 

as the demand response. The event trigger can also be activated 

by the time synchronization module in constant time intervals. 

In the first step, all the necessary data is collected, namely the 

resources priority in the present context, the power consumption 

limits imposed by users, by generation resources or by demand 

response events, the characteristics of the resources (power limits 

and time limits), and the actual status of each equipment. Then, 

the value of the actual power consumption and the imposed power 

limit are compared. If the power consumption is higher than the 

power limit, it is necessary to cut or to reduce the loads consump- 

tion. 

An optimization algorithm tries to minimize the impact of the 

curtailments. Two regulation variables (regulation up and regula- 

tion down) are included to guarantee the problem feasibility. If the 

regulation down value was equal to 0, it means that the optimiza- 

tion has obtained a good solution. If the regulation down value was 

higher than 0, it means the optimization algorithm has obtained a 

solution with higher power consumption than the defined power 

consumption limit. This information should be provided to the user. 

If the user agrees with the solution, the system sends the order to 

the actuators. If the user not accepted, the solution should change 

manually the state of some loads or change the consumption limits. 

In this case, the SHIM intends this change as a new event, restarting 

the resources management process. The user’s feedback can be pro- 

vided by the touch panel or phone/tablet (the android application). 

If the user does not give any feedback, the system performs the opti- 

mization solution not considering to the demand response event. 

This procedure can be different in mandatory demand response 

events. The SHIM learning mechanism uses all the system/user 

interaction to adequate the system behavior to the user’s profile. 

The main reason for the regulation down variables being greater 

than 0, is the existence of fixed loads managed by the users. Fixed 

loads cannot be managed by the system. An example of a fixed load 

can be a television; if the system detects people in the living room 

or an electric vehicle in charging process imposed by the user. If 

the system turns off the TV or stops the EV charging process will 

affect significantly the users’ comfort level. The definition of the 

fixed loads depends on each context and on the users’ profiles. In 



 

 

other words, the regulation down variable allows giving priority to 

comfort levels defined by the users in the participation in demand 

response events. 

The regulation up variable is different from zero when the house 

power consumption is lower than the power consumption limit. In 

fact, when this situation happens, the optimization is not neces- 

sary. However, to ensure the algorithm robustness and to avoid 

unexpected situations, the regulation up variable is included in 

the problem formulation. Fig. 3 summarizes the architecture of the 

implemented resources management. 

 
3.3. Problem formulation 

 
The main goal of the optimization  algorithm  is  to guarantee 

the electricity consumption limits (PLimit) during the house man- 

agement system operation, considering different type of events, 

comfort levels, and the user’s interaction. All these aspects are 

reflected in the resources and loads priority factors (ALoad). The pri- 

ority factors change between 0 and 10, factor 10 being used for 
lower priority loads, and factor 0 for the highest priority loads. 
When the loads are not equipped with any actuator (uncontrol- 

lable) or when the users do not want the automatic device control, 

the corresponding power is included in the parameter PFixedLoads, 

and any priority is considered. The fixed loads change every opti- 
mization process during the DR event. The optimization problem 
can be formulated as  follows: 

Objective function to determine the loads that should continue 

in service: 

 

Problem constraints: 

 

 

Eq. (2) intends to determine the connected load. 

 
 
 

 

 

Eqs. (3) and (4) refer to the maximum and minimum limits of 

loads. If the load is discrete (On/Off), variable PMax is equal to PMin . 

 

 
Fig. 10. Results of the dynamic loads priorities in demand response event for Sce- 

Load Load 

In this case, the decision is imposed by the binary variable xLoad. nario A for motor 1 (a), fluorescent (b), HVAC 2 (c) and refrigerator 2 (d). 

 

 
during the events. However, some loads like refrigerators cannot PMin

  be disconnected for a couple of hours. In this way, it is necessary to 

 
where 

  
have a dynamic loads priority (DLP) variation during the demand 

response event, avoiding the disconnection from these loads during 

long periods. Each load can be characterized by the Toff max—the 
    ALoad Load  priority   

ADown Regulation  down priority 
AUp Regulation  up priority 
Load Load index (ID) 

nLoad Maximum number of loads 

maximum time (in minutes) that each load can be turned off, and 

by the Ton max—the maximum time (in minutes) that each load 

can be turned on. Toff max can be seen as the maximum delay to 

turn on the loads, and Ton max can be seen as the maximum delay 
Max 
Load 
Min 
Load 

Maximum load consumption [W] 

Minimum load consumption [W] 

to turn off the loads. 
For example, in the case of the heating, ventilation, and air con- 

PFixedLoads Total consumption of non-controlled loads [W] 

PLimit Power limit for the total consumption [W] 

PLoad Power consumption of load [W] 

RegDown Power regulation down [W] 
RegUp Power regulation up [W] 
xLoad Load binary variable 

 
 

 

3.4. Dynamic loads priority method 

 
In the previous work, loads priorities are defined according to 

the comfort levels in each context, and considering the user’s pro- 

files [31]. To participate in DR events, SHIM should cut some  loads 

ditioning unit (HVAC), this type of load do not need to be on all 
the time. It may be on for 10 min, and off for 5 min. The same hap- 

pens with the refrigerators. According to the system database, the 

refrigerator presents the load profile of Fig. 4. The refrigerator is 

on for 11 min (between 8:33 PM and 8:44 PM), and off for 52 min 

(between 8:44 PM and 9:36 PM). 

The methodology developed, proposes the variation of the load 

priority factor Ai provided by the priorities definition module, 
considering the on/off time of the appliances. In the optimization 
process, it is considered a new factor Af obtained from the initial 

load priority factor Ai, and factor (k) that depends on the on/off time. 

P 

P 



 

 

 

 

Fig. 11. Power consumption for each load in the Base Scenario (a) and Scenario B with demand response event of 4 h (b). 

 
 
 

 

After the optimization process, the system will evaluate the state 
of each load. If the load was turned off, value k will be decreased, 

decreasing the priority factor in the next optimization. If factor k 

was less than 0, the system can consider the load as a fix load off, 

blocking the automatic control in the next optimization. On the 

other hand, if the load is connected and factor k was higher than 1, 

the system can consider the load as a fix load on, blocking the auto- 

matic control. If the load is on, factor k will be increased, increasing 

also the priority factor in the next optimization. Fig. 5 shows the 

proposed  mechanism.where 

Ai Load priority 

Af New load priority 

Load Load index (ID) 

nLoad Maximum number of loads 

k Load priority factor 

fixedOn Non-controlled  loads On 

fixedOff Non-controlled  loads Off 

TOn Load time On 

TOn max Maximum load time On 
TOff Load  time Off 

TOff max Maximum load time  Off 



 

 

 

 

Fig. 12.  The power consumption cut for Scenario B. 

 

4. Case study 

 
The present case study intends to illustrate the proposed 

methodology during a demand response event. Two different 

scenarios are tested considering a demand response of 30 min, 

and another with 240 min (4 h). In both simulations, the demand 

response event proposes the power consumption reduction during 

the event. 

Domestic consumers have different types of loads with different 

use features. Thus, in this case study the profiles of typical domestic 

appliances, such a refrigerator, washing machine, HVAC, and among 

others, are considered. Several aspects are taken into account such 

as the power consumption, the amount of time the load is on or 

off, the priority for each load, the loads which can be turned off 

(non-priority loads), the type of control for each load (variable or 

discrete), and the type of load (lights, motors, HVAC, etc.). A total 

of 18 loads are used, including real and virtual ones, controlled by 

the SHIM system. 

 

 
4.1. Loads characteristics 

 
As previously mentioned, the case study considers real loads and 

virtual ones in the same simulation. The virtual loads are imple- 

mented considering the data collected in real appliances and saved 

on database. Actually, in the data base it is possible to obtain the 

consumption profile of different appliances and devices such  as 

refrigerators, microwaves, washing machines, water coolers, and 

HVAC. 

The loads are characterized in the resources management mod- 

ule considering different aspects. In Fig. 6 some characteristics are 

summarized. In Table 1, the used loads are classified according to 

the characteristics of the loads. 

 
4.2. Scenarios description 

 
In the present case study, two scenarios with different demand 

response time duration are shown. Both scenarios are compared 

with the scenario without the demand response event (Base Sce- 

nario). The power consumption in the Base Scenario is presented in 

Fig. 7, considering the loads characteristics indicated in subsection 

4.1. The power consumption limit in the Base Scenario is of 5.9 kW. 

This value is provided by the use context module. However, dur- 

ing the demand response event the power consumption limit is 

reduced to 1.5 kW during 30 min, starting at 8:15 PM in Scenario 

A (Line blue in Fig. 7), and during 240 min, starting at 5:00 PM in 

Scenario B (Line red in Fig. 7). 

 
4.3. Scenario A—results 

 
The results obtained in Scenario A are presented and discussed 

in the present subsection. 

In Fig. 8 the desegregated consumption of the appliances 

between 8:00 PM and 10:00 PM is presented. On the top of Fig. 8, 



 

 
one can see the power consumption in the Base Scenario, and on the 

bottom part, the consumption considering the demand response 

event between 8:15 PM to 8:45 PM. 

As it is possible to see in this figure, the system keeps the power 

consumption below the imposed limit (1500 W) during the demand 

response event. After the demand response event, the consumption 

profile is different when compared with the Base Scenario. In Fig. 9 

it is possible to see in more detail the power consumption differ- 

ences between the Base Scenario and Scenario A. In this figure, the 

values on the left side represent the consumption reduction, and 

the values on the right side represent the increase in consumption. 

In some periods the consumption increases in some loads, to be 

decreased in more critical periods. This way, it is possible to ensure 

the consumption limit during the event. Some loads, the washing 

machine for example, are postponed to a period after the demand 

response event, increasing significantly the consumption after 9:30 

PM. 

To verify the effectiveness of the DLP method, Fig. 10 presents 

the results of the application method for Scenario A considering four 

loads with characteristics presented in subsection 4.1: 
 

• Motor 1 (motor type, variable control, and essential load, Ton: 9, 

Toff: 4) 
• Fluorescent (light type, variable control, and permanent load, 

Ton: ∞, Toff: 0) 
• HVAC 2 (HVAC type, discrete control, and permanent load, Ton: 

6, Toff: 4) 
• Refrigerator 2 (cooler type, discrete control, and permanent load, 

Ton:10, Toff: 40) 

 

According to Fig. 10, it is important to analyse the results that 

depend on the loads characteristics. The priority factors change 

between 0 and 10, the factor 10 being used for the lowest prior- 

ity loads and factor 0 for the highest priority ones. According to (1), 

the optimization process tries to minimize the product ALoad · PLoad. 

This means that the loads with lower ALoad factor will still be con- 

nected. The analysis for each load priority in Scenario A is as follows: 
 

• Motor 1 (ID Load 1): priority is between 9 and 10 for the demand 

response event (it is never 10). The duration of the state on or state 

off depends on the priority value of the others loads (Fig. 10a). 
• Fluorescent (ID Load 4): priority is constant due to its charac- 

teristics. Lights can be on the entire time, not requiring to be 

disconnected. In practice, factor k is always equal to 0, and the 
final load priority factor Af is equal to the initial load priority 

factor Ai (Fig. 10b). 
• HVAC 2 (ID Load 8): is the constant load according to the reference 

mode of the load. The load is on for 6 min, and off for 4 min. The 

load priority factor changes fast from 10 to 2 when the load is 

disconnected for more than 4 min (Fig. 10c). 
• Refrigerator 2 (ID Load 14): at the beginning of the DR event, 

the refrigerator is already on for 7 min. The management system, 

according to priorities values, keeps Refrigerator 2 on at the end 

of the cycle on (to 10 min). After these 10 min, the priority value 

is the maximum (10), so the load is turned off and kept off at 

the end of the DR event because of the functioning cycle of the 

refrigerator (Fig. 10d). 

 
4.4. Scenario B—results 

 
In Scenario B, an optimization process for a DR event of 240 min 

with the same power limit of Scenario A is considered. Fig. 11 repre- 

sents the load profile of the domestic consumer between 4:00 PM 

and 10:00 PM, with detailed consumption for each load in Scenario 

B, and the results of the DR event comparing with the Base Scenario 

without power limit. 

 

 

 
Fig. 13. Results of the dynamic loads priorities on the demand response event for 

Scenario B for motor 1 (a), fluorescent (b), HVAC 2 (c) and refrigerator 2 (d). 
 
 

 
As it is possible to see in Fig. 11, the optimization results also 

meet the power limit (1500 W) during the demand response event. 

The use profile changes significantly at 7:00 PM due to the presence 

of people in the house. The load scheduling between 5:00 PM and 

7:00 PM does not require any load curtailment or reduction. How- 

ever, between 7:00 PM and 9:00 PM the system needs to manage 

effectively the load curtailment. The loads’ consumption increase 

and decrease, comparing with the Base Scenario, as one can see in 

detail in Fig. 12. 

Fig. 13 presents some results for Scenario B between 5:00 PM and 

8:59 PM like the priority, time on or off, and the power consumption 

for each minute. In this case, the maximum time on or time off in 

some cases is not showed due the higher value (for example, for 

values higher than 20 or 40 min, depending on the case). 



 

 

In Fig. 13 it is possible to see the evolution of the load priority for 

each load, and also the power consumption. The same assumptions 

of Fig. 10 regarding the load priority factors were considered. The 

load represented in Fig. 13 (a) is only connected at 7:00 PM, and 

the load represented in Fig. 13 (b) is only connected at 8:00 PM. 

Therefore, the priority factor is not considered in the optimization 

process. The differences in the load priorities during the event are 

changed by the use contexts changes. These differences can be seen 

in Fig. 13 (c) and (b) at 5:30 PM. During the demand response event, 

the evolution of load priorities is similar to Scenario A. 

 
 

4.5. Case study conclusions 

 
The case study allows the proposed methodology evaluation 

in two different scenarios. In the first scenario, a 30-min demand 

response event is considered, and in the second scenario a 240- 

min event is considered. In both cases, the system ensures the 

power limit imposed during the event, in the case 1500 W. The main 

change is in the washing machine. This appliance is postponed in 

both scenarios. However, if the user wants to use it during the event, 

the system could not maintain the power consumption lower than 

the limit. Other important aspect is the use of the lights. The users 

easily detect the lightning variations in the lights. In the present 

simulation, the system does not change or disconnect the lights in 

Scenario A, and in Scenario B a small variation is considered for a 

few minutes. 

Despite these considerations, the methodology presents good 

results in the load management mainly in the demand response 

events of long duration. Other important aspect is that the used 

power limit (1500 W) is extremely hard to guarantee during long 

periods, and in both simulated scenarios, the system guarantees 

this consumption limit. 

 
 

5. Conclusions 

 
The energy management of end consumers has strong relevance 

in the future power systems, mainly in smart grids and micro- 

grids operation context. This paper focuses on energy management 

methodology in real-time to obtain new solutions for the domes- 

tic consumers in order to contribute with new approaches for the 

power systems. It is important to identify, within domestic con- 

sumers, the influence that each load has in power consumption, 

and how the management methodology influences the total con- 

sumption of the domestic consumer taking into account the grid 

and house conditions. 

In this paper a dynamic load priority (DLP) method is proposed 

to change the load priority during a demand response event. The 

DLP use the load priority provided by the use context identification 

module, changing this priority according to the technical character- 

istics of each load. Different loads characteristics are considered, 

namely the lights, washing machines, etc. Load priorities of each 

load are used by the optimization module to determine the least 

important load in each instant. The loads priorities are analyzed 

every minute or when some control actions are taken by the users. 

The propose methodology allows obtaining a more efficient load 

management mainly during the demand response events of long 

duration. 

A case study considering two scenarios is presented to vali- 

date the developed methodology. In these scenarios good results 

were obtained, even considering a very low power consumption 

limit. However, it is important that the users agree with the imple- 

mented strategies mainly in the case of appliances, such as washing 

machines due to the high power consumption. 
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