-l OO

O Ses Yes e Y’ i
ELECTRICITY CONSUMPTION ANALYSIS & ENERGY EFFICIENCY

www.elecon.ipp.pt

Regulatory context of smart grids in Europe and

Brazil: current state and trends
Third ELECON Workshop

University of Grenoble Alps — Grenoble Polytechimistitute, Grenoble, France,
November 17-18, 2015.

Application systems from Portugal and Brazil to
Demand Response programs

Filipe Fernandés, Luiz Leite Ros} Hugo Morai§,
Nelson Kagah Zita Valé

*GECAD - Research Group on Intelligent Engineering &omputing for Advanced Innovation and Develogmen
Institute of Engineering — Polytechnic of PortoEFSIPP),
Rua Dr. Antonio Bernardino de Almeida, 431, 420Q-@orto, Portugal
®NAPREI/ENERQ — Smart Grid and Power Quality Laborgt Polytechnic School - University of Sdo Paulo,
Av. Prof. Luciano Gualberto, 380, 05508-010 S&aleaBrazil

Abstract

In a near future, the house management systemddsihbeu significantly increased making more
complex system. The total consumption, distribuigederation, electric vehicles and the participation
in demand response programs should be managedeffeantive way by house management systems
with most important objectives: consumption effigig, the energy bill minimization, and the required
comfort levels according with operation context.eTbperation of the house management systems
should provide support to the grid operator throtighparticipation in demand response programs.
The paper presents two application systems ineddidboratory that allow the simulation of the end
consumer in research activities of Research Groupntailigent Engineering and Computing for
Advanced Innovation and Development in Portugal Snwart Grid and Power Quality Laboratory in
Brazil, namely, the SCADA House Intelligent Manageimand Load Emulator respectively. The
application systems are able to participate in demeesponse programs to reduce the electricity
consumption based in interaction with an externéitye
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1. Introduction

Smart Homes (SH) can be defined as a house whitiprises a network communication
between all devices of the house allowing the @dntmonitoring and remote access of all
application and services of the management sys@#m. advanced functions should be
included in management system, such as the managemelectric vehicles, the interface
with external operators, security functions, healihe prevention, among others [1], [2], [3].
Otherwise, a home to be considered smart shoulddadhree main elements: the internal
communication network that can be implemented iffedint ways: wire/wireless,
dedicated/shared and/or low voltage/high voltagew@ Line Carrier), home automation
composed by actuators and sensors devices that ko controlling and monitoring of the
house, and intelligent control systems [4]. Thelligent control systems are all the systems
able to read sensors information, to process tifamation in an intelligent way, and to
send control actions to the actuators.

Figure 1 presents a model of a SH developed to geatie energy usage of a domestic
consumer considering the micro-generation, theageystems, the connection with the grid
and the control of smart appliances.
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Fig. 1. Model of the Smart Home system for energynagement [5]

In the new vision, the SH systems should be exgnde integrate external
communications to interact with services aggregatand utilities, and the automatic
participation in Demand Response (DR), making dewssaccording these interactions. In
DR events, the house management system shoulder¢decelectricity consumption based
not on internal information, but on the interactisith an external entity [6].

All of the energy resources of the domestic consusi®uld be considers in a House
Management System (HMS), namely, the managemettheoklectrical consumption, the
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micro-generation units, the electric vehicles ahd tonsumer participation in the DR
programs. To improve the performance of the HMSesys, it is necessary to include the
ability to autonomously acquire knowledge about theer's behavior adjusting the
consumer’s profiles according the preferences dutie management process improving the
global system performance, and also the consunoenfoct [7], [8]. The improvement of the
HMS systems will be very important to the contrbdevices during a DR event in order to
reduce the electricity consumption without changirigt the comfort levels [9].

The present work focuses on two application systenesstbed laboratory that allow the
simulation of the end consumer in research aawitof Knowledge Engineering and
Decision Support Research Center in Portugal anarSBrid and Power Quality Laboratory
in Brazil, namely, the SCADA House Intelligent Mgement and Load Emulator
respectively. The application systems are ableattigipate in DR programs to reduce the
electricity consumption based in interaction with external entity. A survey of existing
studies in the literature of house management mystdeveloped by several authors is also
performed in this work to better understand the glexity of the management systems in
end consumers with participation in DR programs..

The first section presents the introduction of plaper. Section 2 presents the application
of the demand response programs in the house maeagesystems context according with
existing studies in the literature. Section 3 shtlvesmodels develops in Portugal and Brazil
in research activities with laboratory applicatidfinally, Section 4 presents the main
conclusions of the work.

2. Demand Response in house management system context

The present section includes house management werkedoped to the participation of
domestic consumers in DR programs and shows soaram&s of DR programs applied in
domestic consumers.

A House Management System (HMS) is developed toremddthe user’s active
participation and the contribution for a betteric@éncy of the system to manage the
domestic consumer energy [10]. Actually, several $HMolutions are proposed for
companies and organizations although some bartierdhe massive use of HMS.
Nevertheless, the barriers represent opporturtitieke development of new methodologies
to integrate in the HMS including the participatioidomestic consumer in DR programs.

In the future power systems the DR programs carameémportant energy resource.
Actually, the industrial and large commerce consusmare the main focus of the DR
programs. However, small consumers, including tlmnektic consumers, allow more
flexible response in DR events [11].

In the context of HMS, the participation in DR et&is an important functionality in the
future management system of small consumers. The flDRtionality allows taking
monetary advantages directly depending on the ¢fj@#R program. The future HMS should
be able to automatically manage DR events consigetfie consumers’ point of view,
regarding the consumption/prices off sets, andahds preferences [12].

To try to develop adequate programs for differeittasions, several types of DR
programs have been proposed by different systemssatgps. The Direct Load Control
(DLC) programs one of them. In [13] is develope@ thnergy Management Controller
(EMC) system to control some loads of a SH consideDR programs. The structure of the
system is presented in Figure 2. In this way ip@ssible to turn off the loads defined
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according with the DR programs. In this case, tber tnas a DLC contract to participate in
DR programs. Also it is presented in [14], the lcadtailment in the DR programs where the
program can vary between 15 minutes and more thaouts.

< Interaction with Utilities | : | Smart Home / HAN >
I

Direct Load Control (DLC) Approach | F:_, ﬂ FJJ Ei
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Fig. 2. Intelligent management system of a housle grid communication [13]

Another type of DR programs and the most populagsois the Time-of-Use (TOU)
programs. According with higher electricity prideetTOU program encourage consumers to
decrease the consumption [15]. Figure 3 presept&xisting communications in intelligent
management system for the house energy developgdhy
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Fig. 3. Communication structure of HMS system [15]

The participation in DR programs can be managedhbycurtailment service provider
(CSP), an aggregator entity. One of the distinaratteristics of the CSP is the ability to
manage the participation of several consumers ineéhts, making some guaranties to the
system operators, and providing services to thewoers.

In [16] it is proposed a communication architectu@mposed by different layers,
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considering a layer to implement the interface leetwthe HMS, and the system operator
energy management system (EMS). The loads managemanimplemented in another
layer using a mixed-integer programming in order rnonimize the operation costs
considering the DR opportunities. A default pripribads and consumption limits in the
house use is proposed in [17].

Other application is presented in [18], an int&hg multi-objective energy management
system (MOEMS) is proposed for a domestic consuemgripped with smart appliances
(washing machine, dishwasher, tumble dryer andtrétebeating) to participate in DR
programs. In the simulation results, the MOEMS eysallows to reduce residential energy
use and improve the user's comfort by optimal meamemt of power consumption and
generation.

In [5], it is developed an optimal dispatching mooeSmart Home Energy Management
System (SHEMS) including intelligent residentisddts and micro-generation resources. The
multi-objective optimization is based in contralagegies with DR participation adjusting the
parameters of optimal dispatching model in thigesys The model is applied in domestic
consumer photovoltaic system, wind turbine, stottaagtery and TOU prices according with
DR program. The energy management system and dptiisiatching model obtain good
results for the smart home live in a comfortabld aoonomical way.

To reduce peak consumption and to increase thaeafiy of the power grid, the DR and
dynamic retail pricing of electricity are importacdntribution in a smart grid context. DR
allows to reduce electricity consumption and consedjy, the energy costs for domestic
consumers. In this context, the work presentedl] fevelops a control strategy for the
Heat and Ventilation Air-Conditioning systems (HVA® respond to real-time prices for
peak load reduction. The work proposes the Dyndeimand Response Controller (DDRC)
that allows change the set-point temperature oHMAC systems according with electricity
retail price changed each 15 minutes. Also it igetlgped a detailed single family house
model using OpenStudio and Energyplus. The DDR@esyspplied in residential HVAC
systems allow to reduce the consumption and enbilg/only with a single variation in
thermal comfort.

The architecture of the dynamic system developgddsented in Figure 4.
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Fig. 4. Architecture of dynamic DR controller [19]
52



Regulatory context of smart grids in Europe and@8raurrent state and trends

3. Models of Demand Response application systems. Portugal and Brazil approach

The present section explains the house managerafdarm developed in Polytechnic of
Porto, Portugal (sub-section 3.1) and the load atauldeveloped in Polytechnic School -
University of S8o Paulo, Brazil (sub-section 3.Bpth systems have the capacity for the
participation in DR programs with main goal to redutotal consumption of the end
consumers according with real data of loads anémggion resources.

Figure 5 presents the countries of the developstesys with important functionalities to
participate in DR programs, simulation of an enchstoner and use of real data to
determinate consumption profiles.

PP
- SCADA House Intelligent
Management (SHIM)

y

Consumer simulation system
Participation in DR programs
Real consumption profiles

T

usp
- Load Emulator

Fig. 5. Application systems developed in each ayunt participate in demand response programs

3.1.SCADA House Intelligent Management platform — Ryatu

The Research Group on Intelligent Engineering aath@uting for Advanced Innovation
and Development (GECAD), located at the Institut&ngineering — Polytechnic of Porto
(ISEP/IPP) develops a testbed platform with the nmgoal of testing, simulating, and
validating new algorithms and methodologies to pppto house/buildings’ management.
SCASA House Intelligent Management (SHIM) has egglipment such as several types of
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loads, distributed generation (photovoltaic paneisd generator), and storage systems that
allow the simulation of the electric vehicles’ beiua.

Figure 6 presents the architecture of the SHIMfgiat composed by three parts with
different modules,
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Fig. 6. General diagram of SHIM platform developeGECAD [6]

Each module is composed by algorithms to be usddfarent situations, namely the Data
acquisition, the Actuators, and the Intelligent Aqpgtions:

¢ In the data acquisition part, four sub-modulesiactuded, namely the sensors, the
user interfaces, the external communications, hadrternal functions. The sensors
module aggregates all types of sensors and matetsei house, and also in the
devices inside the house. The user interfaces raalldws the communication with
different platforms, namely Windows, Android, amiich panels using the Modbus
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or TCP/IP protocol. The external interface allols system remote access and the
interaction with service providers’ entities (iretkexisting platform this interaction is
simulated in the MASGriP platform) [20]. The DR et® are introduced in the
system through this module. The internal functiansdule integrates several
functions in the SHIM system, such as the time Byowization. In the proposed
methodology, the time synchronization is importantun the optimization algorithm
each minute. The internal functions module alsegrates a negotiation function used
to evaluate the participation in DR events, and a#a dacquisition function to
determine comfort levels, the system efficiencye #stimated energy bill or the
detection of abnormal functioning devices.

» A database was included to store all the infornmgpicvided by other modules.

* The part of the actuators integrates all typesitgfrfaces with real hardware, namely
digital actuators, the analog actuators, invertarstor drives, among others. This
module also includes the internal network managénwnsidering different
protocols.

* The intelligent applications part integrates ale thdvanced functions in SHIM
systems, namely the identification of the contéx, definition of priorities, learning
algorithms, the users’ profiles identification, atite resources’ management. The
modules also need information on the equipmentttioning characteristics, and the
actual status of each device. A trigger allows cletg new events to run all the
algorithms. If the event was an order given by dker, the event trigger sends this
order directly to the actuators, and in a secoeg, st sends the order to be processed
by other modules. If the event was a DR programgf@ample, the system does not
need to execute any control action before the in&bion is processed. With this
mechanism, SHIM avoids delays between orders atiwhac

3.2.Load Emulator — Brazil

The Smart Grid and Power Quality Laboratory (NAPERRIERQ), located at the
Polytechnic School - University of Sdo Paulo (USiMs to develop a testbed system with
the main goal of simulating and validating consuoptcharacteristics of end consumers
through a Load Emulator allowing the participatiorDR contracts. To the Load Emulator
can be added micro-generation profiles accordiiad) nesources presents in laboratory such
as, photovoltaic systems in micro-scale.

Figure 7 shows the main modules to represent thetiins of the Load Emulator and the
communication with measurement centers of theaiialso the SCADA systems.

The Load Emulator has two important modules, Exteand Internal interface with
different functions. At the top of the figure ateos/n the following grid systems:

e Distribution Management System (DMS): DMS is to fiben and control the
distribution network. The application has open catimg environment and can be
configured to be integrated in SCADA systems.

» Meter Data Collector (MDC): MDC is to collect ddtam meters and transfer to the
MDM. To collect data the meters use the MESH or GRBmmunications.

 Meter Data Management (MDM): MDM is software of tmeeasuring center
management. The system allows obtaining the infoamdor billing.
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The External Interface is used to allow the commatidn between the Load Emulator
and the grid status. The External Interface hagethsub-modules with the following
objectives:

DR programs: This function allow save the DR castsaf the end consumer with
grid operator. In this case, the DR contracts eabdsed on the price or based on the
incentives. The participation in DR programs carabkieved by aggregating entity,
the public service entities, or by a regional netnaperator.

Energy Price: This function is primarily importafior DR programs based on price
allowing emulator to know the price of energy a thoment.

Smart Meter: This feature allows to know total agomption of the emulator.
Therefore it is possible for the consumer and thesise provider, to know for
example, if the consumer is meeting with the linofsconsumption that exists in
some DR programs. Also, it can be added the tatakeiation in the case of the
consumer with micro-generation.
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Fig. 7. General diagram of Load Emulator developedAPREI/ENERQ
The Internal Interface of the Load Emulator is usedllow the simulation of the load

according with consumption real data or, in thesaafsthe consumer with micro-generation,
the simulation of the generation. The Internaltiaiee has the following functions:
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Load/generation profile (voltage, current and pgwailow to know the profile for
each resource (load or generation).

Load/generation state (on/off, power): Allow to kndhe actual state for each
resource where it is possible to change the sfateexample, to reduce the total
consumption to participate in DR events. The fuorcallows controlling all resources
as turn on or turning off, and/or reducing or iragiag.

Total consumption: Allow to know, according withdimidual consumption of each
load, the total consumption of the end consumeris Vhlue is communicated with
smart meter of the external interface.

Total generation: Allow to know, according with moegeneration (photovoltaic
and/or wind), the total generation of the end camauif exists this capacity. This
value is communicated with smart meter of the etkinterface.

Time/hour: Obtain the date and hour of the simafagcenario in emulator.

Communication with Load Emulator: Through this coumication is possible to
emulator know the consumer state (loads and miermi@tion units), its current
consumption and production, the state of the aliiéoand generation resources.

External data: Through this feature it is possibléntroduce values of consumption

and generation for the loads and generation ressuespectively. So as to create a
scenario, for example for 24 hours (event genéeraftre values used will be based on
real data.

The Load Emulator is a simulator of the end consumea laboratory and depends
directly of the Internal Interface data to defite power profiles. The module of the Load
Emulator has the following functionalities:

Load Type Definition: The function is used to sel¢iee load type of the end
consumer (domestic, Small/Medium/Large commerddedium/Large industry)

Intelligent module: This module will allow the ematbr manage existing resources,
for example loads. In moments when power consumpsidimited by DR programs,
the emulator can optimize consumption (functiooptimizing the implementation of
the priorities of each developed load).

To enable the connection between the Load Emukatdrtwo interfaces (internal and
external) is important develop an efficient and usec communication with main
characteristics:

Internal Interface Communication: The communicatioth internal interface is used
to obtain the load/generation resources data. @ @dimmunication it can be used the
TCP/IP protocol.

External Interface Communication: The communicatieith external interface is
used to define the DR contracts, to obtain thegnprices and to communicate with
the grid the energy/power measurement. To the corwation it can be used the
TCP/IP protocol.
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4, Conclusions

The paper exposes the house management systemppdeldy several researchers’
activity presented in literature to allow the peipgation on demand response programs. The
main goal to the participation of the end consumpesticularly domestic consumers, in
demand response programs is to obtain a consumpédaction in context with the
operation grid. In other words, this capacity of iouse management systems supports the
grid operator in the management of the grid.

The paper presents two application systems ofreéiftecountries enabling the interaction
between the power consumption of the end consuniter gvid through participation in
demand response programs. Both systems are pedoinmkboratory and use real data
information to obtain more realistic results. Itnche adapted for end consumer with
integration of micro-generation system allowing tiranagement at the same time of
consumption and generation power. In the case ofufal, the Research Group on
Intelligent Engineering and Computing for Advandadovation and Development develop
the SCADA House Intelligent Management. In the aafsBrazil, the Smart Grid and Power
Quality Laboratory develop the Load Emulator.

The two proposed systems are especially usefulsiimulation of the end consumer
according real data profiles enabling the teststhef participation in demand response
programs in a grid context.
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