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Abstract. Due to the high penetration of the buildings in energy consumption,
the use of optimization algorithms plays a key role. Therefore, all the producers
and prosumers should be equipped with the automation infrastructures as well as
intelligent decision algorithms, in order to perform the management programs,
like demand response. This paper proposes a multi-period optimization algorithm
implemented in a multi-agent Supervisory Control and Data Acquisition system
of an office building. The algorithm optimizes the lighting power consumption
of the building considering the user comfort constraints. A case study is imple-
mented in order to validate and survey the performance of the implemented op-
timization algorithm using real consumption data of the building. The outcomes
of the case study show the great impact of the user comfort constraints in the
optimization level by respect to the office user’s preferences.
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1 Introduction

Every day, a lot of energy is lost by the negligence of people around the world.
Sometimes the unimportant actions during a day can be the terminator of the environ-
ment and earth at the end [1]. That is why the world is moving towards comprehensive
automation and smart infrastructure in the buildings, in order to prevent the loss of
energy as much as possible [2]. In addition to these facilities, Demand Response (DR)
programs organize the user’s consumption pattern as a generic and systematic program
according to electricity price variations or technical issues with considering consumers
and producers interests. DR programs have a desirable variety which is divided into
two main groups, namely price-based demand response and incentive-based demand
response [3].

The buildings are responsible for 40% of world energy consumption which is in-
creasing every day [4]. Among all types of buildings, office buildings can be considered
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as a more flexible option for implementing DR programs, since usually they have sig-
nificant energy consumption, and also in some cases can be more equipped to automa-
tion infrastructure than residential houses.

Recently, the main concern in energy minimization topics is respect to user comfort
while energy consumption is optimizing [5]. keeping a balance between energy mini-
mization and user preferences need a formulation with precise restrictions in order to
observe optimization purposes and user easement at the same time [6].

Mostly in office buildings, more attention is paid to Air Conditioners (AC) while
29% of total energy consumption in office buildings belongs to the lighting system [7].
The lights of an office building can be considered as flexible loads for reduction and
curtailment if they are fully controllable and reducible by existing equipment. Supervi-
sory Control And Data Acquisition (SCADA) system play a key role in DR
implementation since it offers various advantages in order to have automatic load con-
trol in different types of buildings [8]. For instance, the SCADA system can dominate
the lights of the illumination system which they are fully controllable via the Digital
Addressable Lighting Interface (DALI) [8].

In this matter, SCADA systems can be integrated with the Multi-Agent Systems
(MAS) for improving the overall system performance. If the SCADA system is
equipped with the MAS, various types of optimization algorithms could be solved and
utilized by the model in order to control and manage the resources controlled by the
SCADA system [9]. Agent-based SCADA models provide more flexibility and adapt-
ability [10].

This paper proposes a multi-period optimization algorithm for the lighting system of
an office. The algorithm focuses on the minimization of the power consumption of the
lights with respect to user comfort. The algorithm is implemented in an agent-based
SCADA system installed in the office building. All the parameters in the building, such
as the consumption of each light and total consumption as well, are monitored through
this SCADA system.

Several studies have been done in the context of building energy optimization. In
[7], the authors proposed a smart lighting control based on internal mode controller of
an artificial neural network which tries to maintain occupant’s preferences while are
using natural light at the same time. In [8], presented a SCADA-based model focused
on the lights and ACs consumption of the building for participating in DR events. In
[11], ACs and lights consumption is managed and minimized under Real Time Pricing
(RTP) tariffs in a MAS based SCADA model. A lighting consumption optimization has
been proposed in [12] by considering the renewable resources. In [13], the user satis-
faction provided based on time and device, while user budget is considered. However,
the focus of this paper is to study the impact of the user comfort constraints considered
for the proposed optimization algorithm. The outcomes of optimization would be com-
pared and surveyed with and without considering the user comfort constraints.

After this section, the optimization algorithm and the implemented methodology is
explained in Section 2. A case study is demonstrated in Section 3 in order to validate
the performance of the proposed optimization algorithm, and the gained results will be
compared in the same section. Finally, Section 4 describes the main conclusions of the
work.



2 Optimization Algorithm

This section presents the optimization algorithm implemented in the SCADA sys-
tem. As it was described, the SCADA model is agent-based, with a various number of
agents and players. The system was developed by the authors in the scope of their pre-
vious works [11], and this section focuses only on the Optimizer agent and the imple-
mented optimization algorithm on this agent. More details and information regarding
the SCADA model and the other agents are available on [11].

The main purpose of the algorithm is minimizing the power consumption of the
lights with respect to user comfort. Each light participates in minimization call from
optimizer agent as a component of the system. For each light, an importance weight is
dedicated by numbers between 0 and 1, in order to define the priority of them. These
numerical criteria are dependence to several conditions such as preferences of the user,
the location of the light and operation of natural daylight. These priority numbers ob-
serve the user comfort to some extent but, more restrictions are required to prevent any
exorbitance reduction. For this purpose, several constraints are provided to limit power
reduction more than enough. Since the present algorithm is a multi-period optimization
algorithm, there is full control on each light in all periods. Therefore, the algorithm can
prevent reduction more than enough from only some particular lights in continues pe-
riods. It means the situation of each light changes during all periods by comfort con-
straints and priority numbers.

Fig. 1 illustrates the algorithm of the present methodology with detailed steps. It
should be noted that to achieve the algorithm purposes, the cooperation of all compo-
nents of the agents are required for providing essential input data. Initial data such as
rated power consumption of the lights, nominal power consumption of the lights, and
power consumption of other existing devices in the building are the pre-optimization
requirements that should be provided by SCADA system and the other agents.
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Fig. 1. The procedure of optimization algorithm.

Priority numbers are determinative parameters in optimization algorithm which can
set the role of each light in the optimization. As can be seen in Fig. 1, these priority
numbers are subject to several issues such as user preferences, light location, and natu-
ral light. Another parameter that makes the reduction in lights more rigid is the power
reduction rate for each light in all periods. This parameter limits the power reduction in
each particular light in all periods and causes the reduction to be divided into all of the



lights. After defining these parameters, variables should be bounded and the relative
constraints should be defined. The desired purpose of this optimization algorithm is
reducing specified power reduction with observing all the existing constraints. This de-
sired power reduction can be determined according to several aspects such as electricity
price variation, ON-Peak or OFF-Peak hours, rated power generation, and energy stor-
ages if exist. After specifying all the required data, the algorithm runs, and the results
are visible.

The proposed methodology is defined as a Linear Programming (LP) optimization
problem, which is modeled via “OMPR” package of Rstudio® (www.rstudio.com) and
is solved via “GLPK” library.

The Objective Function (OF) of the proposed optimization algorithm is shown in (1)

in order to minimize the power consumption of the lights.
T L

Minimize OF = z z Priorityq X Py Q)
t=11=1

Priority is the number between 0 and 1 that is dedicated to each light for representing
the importance of each light for the users and the bigger priority numbers are allocated
to more important lights. P is the decision variable of the algorithm that shows the
amount of power that should be reduced from each light in each period. It should be
noted that T and L are the maximum number of periods and lights respectively.

The definition of upper bounds related to the amount of power reduction and priority
of each light in each period are developed in the scope of the author’s previous work
[12], and they are not mentioned in this section.

Equation (2) is modeled to show the total power reduction in all the lights in each
period. The objective function in (1) is subject to (2) and (3).

L
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RR is an abbreviation of Required Reduction in each period from all the lights. Equa-
tion (3) makes each light restricted individually by the power reduction rate coefficient
in order to maintain user comfort. It means the total power reduction of each light in all
periods can be adjusted and limited by (3).

T T
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PRR is brevity of Power Reduction Rate for light. PRR can be as a percentage of
total actual power consumption of each light in all periods. The initial power consump-
tion of each light is shown by init.P that means the power consumption of light in a
normal situation and without any reduction. Also, as it was shown on (3), the power
reduction of each light in all periods cannot exceed a defined limitation for observing
user comfort. PRR can make power reduction rigid in several ways. It can be used as a
coefficient for each light individually. It also can be also as a function of time. For
instance, it can limit the power reduction of certain lights in certain periods of time.


http://www.rstudio.com/

3 Case Study and Results

An office building is considered that its illumination system based on fluorescent
lights with DAL ballasts. The building includes 8 offices and one corridor. Each office
has two 100W lights, and the corridor contains four 100W lights. The present study
considers 20 controllable and reducible lights. Fig. 2 illustrates the plan of the building.
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Fig. 2. Plan of the office building with 20 lights.

The total consumption of the lighting system in the building will be 2000W. How-
ever, the minimum reduction for each light is supposed to equal to zero, while the max-
imum reduction stays for 65% of nominal consumption of the light. It should be noted
that, in order to avoid turning off any light completely, the maximum reduction is
bounded. The algorithm surveys from 8 am to 8 pm with 15 minutes time intervals.
According to the day-ahead data, the initial consumption of the lights and non-control-
lable consumption of the building is shown in Fig. 3 for 48 periods. The Required Re-
duction (RR), can be determined based on diverse issues such as difference in produc-
tion and generation rate in the building, or existing power in energy storages.
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Fig. 3. The classified initial consumption of the building.

According to Fig. 3, the power consumption of the lights has been varied during the
day and in periods 47 and 48 all the lights have been turned off. Since the Power Re-
duction Rate (PRR) is an essential parameter that impresses user comfort directly, in
each execution, different values of PRR are considered in order to validate the impact
of comfort constraints more precisely. The result of the first execution are in Fig. 4
while the constraint demonstrated by (3) is ignored. As seen in Fig. 4 — (A), the power
reduction in some lights, such as L7, L9, and L12, is much more than the other ones.
Therefore, Fig. 5 shows the output of the next implementation of algorithm while PRR
defined to 35% for all the lights.
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Fig. 4. Optimization results without considering user comfort constraint; (A) sum of power
reduction of each light in all periods, (B) power reduction from all lights in each period.
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Fig. 5. Optimization results with 35% user comfort level; (A) sum of power reduction of each
light in all periods, (B) power reduction from all lights in each period.
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Fig. 6. Optimization results with 50% user comfort level; (A) sum of power reduction of each
light in all periods, (B) power reduction from all lights in each period.

According to Fig. 6, power reduction in each light has been slightly changed when
PRR is equal to 50%. By comparing the results in this section, the importance of the
parameter PRR is obvious. In this case, while the PRR is on 35%, the optimization
algorithm has the best performance, somehow, it reduced the amount of power reduc-
tion by maintaining a high level of user comfort. The balanced cooperation of the lights
is obviously visible in Fig. 5 while the required reduction is constant. Fig. 6 presents
obtained results when PRR is equal to 50%.

4 Conclusions

Due to the high penetration of the buildings in energy consumption, the use of opti-
mization algorithms plays a key role. Therefore, all the producers and prosumers should
be equipped with the automation infrastructures as well as intelligent decision algo-
rithms, in order to perform the management programs, like demand response.

A multi-period optimization algorithm has been proposed in this paper to minimize
the energy consumption of the lights with considering user comforts. In addition to the
definition of lights priorities, a power reduction rate parameter has been defined with a
direct impact on user comfort. The algorithm was implemented in a multi-agent Super-
visory Control and Data Acquisition system of an office building. The focus of this
paper was given to the Optimizer agent, where the developed algorithm was executed
in order to optimize the consumption of the lighting system in the building.



In the case study of this work, the impact of the developed optimization algorithm is
demonstrated during the working hours. A key parameter in the user comfort constraint
was changed in three levels, in order to validate the performance and select the most
appropriate value for this case. The obtained results of the algorithm demonstrated and
proved that how the used constraints made a balance on power reduction and user com-
fort level.
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