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Abstract. Advancement of renewable energy resources, develapmsﬂt of
grids, and the effectiveness of demand response programs, can ‘be ¢
solutlons to deal with the rising of energy consumptlon Hi) (20

usage, equipping them with optimization- basegl sﬂi fem Fan be Very effective.
For this purpose, this paper proposes an optlmlzanon sed mgd“e'l implemented
in a Supervisory Control and Data Acqulsmon aﬁd Muf' gent System. This
optimization model is based on power reMon oféair conditioners and lighting
systems of an office building with respect to" the ce -based demand response
programs, such as real-time pricjpg, The proposed system utilizes several agents
associated with the different d'fstrlliuted based controller devices in order to per-
form decision making local i ndﬁ}mmﬂmcate with other agents to fulfill the
overall system’s goal. In, the ca fudy of the paper, the proposed system is used
in order to show thex Ot t@ductl(m fhe energy bill of the building, while it
respects the user pigf erengg nq co' k
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Intyod ction

ption and generation [2]. On the other hand, the daily increment of electricity usage
foréf;d the network operators to reduce the method of generation by fossil fuels [3], and
move “tawards sustainable and renewable energy resources, especially Photovoltaic
{PV) systems and wind turbines [4]. A significant part of electricity consumption is
#ilocated to commercial buildings, especially office buildings [5]. In this context, Air

The present work was done and funded in the scope of the following projects: H2020 DREAM-
GO Project (Marie Sklodowska-Curie grant agreement No 641794); Project GREEDI
(ANIP2020 17822); and UID/EEA/00760/2013 funded by FEDER Funds through COMPETE
program and by National Funds through FCT.


mailto:%7d@isep.ipp.pt

Conditioners (ACs) have great contribution on the consumption of these kinds of build-
ings [6]. Demand Response (DR) programs are considered as a solution for managing
the consumption of the demand side [7].

DR program is referred to modification of consumption pattern by the end-users in
response to the incentives payment by the DR managing entities, which is due to any
economic or technical reasons [8]. Real-Time Pricing (RTP) is an example of pricgs
based DR programs, which is applied in day-ahead economic scheduling [9]. In order
to implement these programs, the end-users should be equipped with several automa-
tion infrastructures in order to be able to perform these programs [10] Supe'rylso

Multi-Agent System (MAS) is an essential tool for SCADA sysfe'ms for <
strategies and exchanging system status [12] In fact MAS ’based S’CAD

ystems

the controllable loads connected to SCADA system [lﬂ Flex1 :
are two main capabilities that a MAS offers [14]. 2

This paper represents an optimization algorithm’ &mptementaed in a MAS based
SCADA model for an office building. The proposed algdm;thm hanages the consump-
tion of the building under RTP tariff and manages® fhe coﬁsumptlon of the ACs and
illumination systems of the building based o’ d\%ﬁn d priorities by the office users.
Furthermore, the controlling of the loads is performe& ‘through a MAS model, which
each agent is associated with partj part of the implemented SCADA system. This
enables the model to perform dé; 'onma’k'ng locally and communicate with other
agents to fulfill the overall System sgéal

The rest of the paper, I§F orga;:hzed asf}arllows The MAS implemented in SCADA
model is described on S‘ﬁ’QthI} :tion 3 represents the proposed optimization algo-
rithm. A case study Is, rep 3 fited in Section 4, and its results are illustrated in the same
section. Sectron’S “etatisthe rigarn conclusions of the work.

ty and adaptability

'y

1mplemented ;in a part of GECAD research center building, which contains 8 offices, 1
serve‘faroom and a corridor. Moreover, there is 7.5 kW PV installation on the building,
which’ Supphes a part of total consumption. For managing the consumption of building,
‘fhree distributed based Programmable Logic Controllers (PLCs) dedicated for a zone
Ancluding three offices. Therefore, there are three zones somehow each PLC associated
#with one zone. Moreover, there is a main PLC that is responsible for supervising the
other distributed based PLCs. The main controlling panel of the SCADA system in-
cluding all PLCs is shown on Fig. 1. The controllable loads by the SCADA include
lighting systems and ACs, which are controlled by several communication protocols.




Moreover, the real-time consumption of the building is measured through several
energy meters. In this model, there are five main agents that each of which is run by a
Raspberry Pi (www.raspberrypi.org). As Fig. 1 illustrates, Agent Z1, Z2, and Z3 are
devoted for each zone, where these agents are equipped with a PLC for performing
controlling decisions locally.
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Fig. 1. Multi-agent model of the implemented S'é

ystem for office building.

Moreover, Market Agent is resp nsiblgitizinform the other agents from the real-time
electricity price of the markeg, In R model “the unit called Optimizer is accountable
to perform the optlmlzatlo(i’ xlthm,whgc’h will be demonstrated in the next section.
Addltlonally, the Superv’ or A Y con 1ﬁuously check the status of other agents and if

tion. By this way, the res})&nse time to any changes will be reduced and adaptability of
the system,will ﬁe 1ncreased Furthermore, flexibility and reconfigurability are two fea-
tures that with be @fferedby this MAS.

pt'mizéftion Algorithm

His sectlon introduces the algorithm implemented in the Optimizer agent, which is
responﬁtble for optimizing the power consumption of the building based on RTP. Fig.
2. represents the algorithm of this methodology, based on the power reduction of air
,(iOndltlons and lighting system. To achieve the purpose of running this algorithm in the
: ‘Optlmlzer agent, all the other agents are obligated to many tasks, such as providing the
essential data for the algorithm.

As it is clear in Fig. 2, all data of the building, which are transmitted from other
agents, and also the external data received from Market agent, such as electricity price
and DR programs, are considered as input data of the algorithm. After definition of the
input data, the algorithm performs the decision making for starting optimization. This




optimization considered as RTP based, since it will be triggered if the electricity prices
goes greater than a specific value. In this optimization, comfort level of user is a critical
input. For each AC and light, a specific priority value attributed, which determines con-
tribution of each device in optimization. In the User Data inputs, there is an optional
rate for the users, which defines the desired rate of power reduction.
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Fig. 2. The procedure of optimi,‘43}.1;i;)l'}f'a.lfgorlthrgf

The ACs devices have various priority ngmbers i#each périod, since the algorithm
should not turn off only specific devices in ail?ﬁ%"rai@d :Also, in the lights, they are not
obligated to participate in the optimization in all periods. This means in certain periods
that ACs optimization is not eno;,iﬁh o achieve the amount of required reduction of
algorithm, lights are as auxiliary part f9r~ﬂ*ré \Cs. For maintaining the comfort of user,
the lights optimization also, jg:hase on the priorities defined by the users. Moreover,
none of the lights should:##0ot becut compictely, and a minimum illumination level is
considered for each ligh

nethodofegy is modelled as a linear Programming (LP) optimization
problem, which#§ 0 Ved. vigiiLp_solve” package of Rstudio® (www.rstudio.com).
The main objective functidh of the optimization algorithm is shown by (1), which aims
to minimizg. the’Energy Bifl (EB).
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Where Prgp ac is the power that will be reduced from each AC, and Pggp 1ign; is the
w¥ate of power that will be reduced from each lights, which are based on the defined
input data by users for the rate of desired power reduction. Wy and W4y, are the ab-
breviation of weight of the priority of the ACs, and the lights respectively. Pyysqr €X-
presses the total power consumption of the building, PV stands for total PV generation
of the building, and COST is the electricity price. T is the maximum number of periods,
and finally, 4 and L are maximum number of ACs and lights, respectively.
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Equation (2) and (3) shows the limitation of priority number, which should be a value
between 0 and 1. Each priority number closer to 0 is the lowest important device for
the users and algorithm as well. Equation (4) illustrates the required reduction of the
algorithm, which should be decreased to fulfill the goal of the algorithm. Equation (5)
shows that the lights will not participate in entire periods of optimization, and they are
limited to be reducted only in critical periods.
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RR7yeq is for total Required Reduction, and P}{’Azf

: is the maximum capacity of
WA rg:éuctlon frorn l1ghts which

;In fh:;s ectlon “d case study will test and validate the proposed methodology. As it
3 eV10ustment10ned main purpose of this paper is to optimize the building consump-
tl(m :with taking advantages of MAS in the implemented SCADA system. There are 8
ACS dqvwes in the building that all are turned on during working hour. Moreover, an
AC is [6cated in the server room that is always turned. The lighting system contains 19
‘ﬂuorescents lamps that are controlled by SCADA via Digital Addressable Lighting In-
Aerface (DALI). In this case study, it is considered that SCADA model is configured
" somehow that if the electricity price is greater than 0.08 EUR/kWh (considered as Base
Price), it will perform the optimization algorithm. Also, if the prices increased, the
SCADA system specifies more reduction in the optimization algorithm. Fig. 3 illus-
trates obtained results after and before performing the optimization algorithm for 24
hours (24 periods).




The consumption and generation curves used in this case study are the real consump-
tion and generation of GECAD building adapted from GECAD database. Moreover,
the market prices are for a winter day in 2018 and have been adapted from Portuguese
sector of Iberian Electricity Markets (MIBEL — www.omie.es)

As you can see in Fig. 3, the optimization process starts at 9:00 and finishes at 20:00,
since the electricity price is higher than Base Price, therefore, the system performs the
optimization in order to reduce the energy bill. Furthermore, PV generation profie
shown on Fig. 3 is the maximum generation capacity of the system.
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tion, or in some periods can be the cooperatlon of P
to achieve the desired reduction. Flg. -illustrates the contribution of ACs, and Fig. 5
demonstrates the contribution of hghtln S stem in the optimization process based on

RTP for one day.
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“Fig. 4. Consumption reduction in AC devices based on RTP scheme.

Thé:‘f‘étmount of power reduction may be different in each period and depends on the
required reduction of the algorithm and the priority of each devices defined by the users.
As Fig. 4, and Fig. 5 show, whenever the electricity prices increased and goes above
the Base Price, the optimization process reduces the consumption of ACs as much as it
can, and some periods that ACs reduction would not fulfill the system goal, the optimi-
zation reduce the rest of consumption from the lighting system (period #13 to #20 in
Fig. 5).

Moreover, as Fig. 4 and Fig. 5 demonstrates, in period #21 and #22, even though the
electricity price is greater than the Base Price, the optimization is not performed, since




there was not enough available consumption in order to be reduced. As a last result,
Fig. 6 illustrates the effect of optimization in the energy bill of the building for one day.
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As it can be seen in
bill of the buildl

ftmization process leads to reduce the electricity
EUR to 14.18 EUR, by respecting to the user’s prefer-

ohsp,mptlon of an office building in the perlods that electricity price is greater than a
spemﬁ@ value. The main purpose of the paper was to optimize the power consumption
and reduce energy bill with take advantages of a multi-agent system. The presented
f§odel considered several agents associated with several distributed based controller
devices in order to perform decision making locally and communicate with other agents
to fulfill the overall system’s goal.

The results of case study demonstrated that how the proposed optimization algorithm
can reduce the energy bills of an office building via the implemented automation infra-
structure and multi-agent system. The amount of cost reduction was for a single day,
therefore, if the optimization procedure performed for long-term, the consumer will see




a significant reduction in the monthly energy bill, while its preferences and comforts
did not much affected.
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