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Abstract

The increment of the electricity consumption around the
world has led many efforts on the network operators to
reduce the consumption in the demand side and encourage
to increase the use of renewable energies. Since the buildings
have a significant part in energy consumption, and lighting
systems have an important role in the energy consumption of
the buildings, the optimization of the lighting system should
be effective. Hence, the focus of this paper is to minimize the
lamps consumption of a residential house based on electricity
price and try to take advantages from photovoltaic
generation as much as possible. The methodology of this
work is proposed as a linear optimization problem that
manages the generation of a renewable energy re-source,
which supplies a part of the energy consumption of the
house. For the case studies, the amount of the renewable
energy generation, total consumption of building,
consumption of the lights, and electricity price are

considered.
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1 Introduction

Nowadays, the increment of electricity usage has become to
a big global concern [1]. The environmental problems, such
as global warming, and CO2 emissions have drawn the
attention to the Renewable Energy Resources (RER) and
optimization strategies [2].A significant part of electricity
consumption is dedicated to all type of buildings including
commercial, residential, and industrial [3]. Currently the
demand of RER and Demand Response (DR) programs are in-
creasing [4]. Inthe DR programs, consumers are emboldened
to change their electricity consumption pattern based on the
variation of electricity price, or technical commands from the

network operators [5].

DR programs can be classified into two main incentive-based
and price-based. Real-Time Pricing (RTP), Time-Of-Use
(TOU), and Critical-Peak Pricing (CPP) are included in the

price-based programs [6].

Due to environmental problems that have occurred
aftermath of increasing electricity generation from fossil
fuels, the attentions were drawn to the renewable energies
[7]. Portugal also has investments on distributed generations
and renewable energy. Recently in Portugal, the consumers
are able to utilize the RER, consuming their own produced
energy. In the past, they should inject all the generated
power to the utility grid and pay for their consumption.
However, with the new rules, the end-users are encouraged

to consume their own produced energy [8].

In order to implement the DR programs in a building, the
lighting system plays an important role. The lights are
considered as dynamic and flexible loads some-how their

consumption can be reduced or interrupted [9] [10].

However, the main purpose of this paper is to minimize the
Electricity Bill (EB) of a residential house with optimizing the
lamps consumption and interference of RER, specially a
Photovoltaic (PV) system that supplies part of power
demand of the building. The lighting system of the building
should be controllable for reducing the illumination. The
system may consist several laboratorial and commercial
equipment and instruments, such as several Programmable
Logic Controllers (PLCs) and several energy meters that these

technical issues are out of scope of this paper.

This paper is proposed in five sections. After this
introductory section, the system description is presented in
Section 2. Section 3 demonstrates the case study surveyed in
this paper considering two different scenarios, and the
obtained results are described in the Section 4. Finally, the

conclusions of this work are presented in Section 5.
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2 System Description

The proposed system regarding the optimization of lamps
consumption in the residential house is based on the
electricity price variation and PV generation during a day. In
this way, the consumption reduction for each lamp is
limited, and since any room should not lose its light
completely, a minimum value of light for each lamp, have
been considered. The residents of the house can define their
preference for each lamp as numbers between 0 and 1 that
show which lamp is more important or less. The overall
architecture of the presented optimization problem is

illustrated in Fig. 1.
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Fig. 1. The flowchart of the proposed optimization algorithm

As it can be seen in the Fig. 1, the optimization algorithm
that is used in this paper is started with definition of input
data including generation of the PV, total consumption of
the building, electricity price, and the detail of the total
consumption of the lighting system. Algorithm needs a set
point price to decide for optimizing. This set point can be
defined by residences or can be calculated as the average

price by algorithm.
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After checking the input data and conditions such as set
point price and PV generation, if the desired condition is
met, the optimization process is not required and should
check the values again and again as long as the system is in
the high consumption level or expensive price periods. Then,
the program starts to optimize the consumption of the lamps
to fulfill the system goal. Each lamp of the building has a
priority based on its location and user preferences. After
that, the required power reduction of whole lighting system,
the maximum consumption reduction of each lamp, and the
minimum required light intensity of each room are defined
as several constraints for the pro-posed optimization

problem.

This optimization algorithm is modeled as a linear problem
which can be solved by software which has LP solver

environment.

The objective function of the optimization problem is as in
eq. (1):

T
Minimize Z

L
Payn X Ci) X PRy

t=11=1
(1)
vt e{l,..,T}
vie{l,..L}

P is the power consumption of each lamp in each time
period. C is the electricity cost in each time period. PR is the
abbreviation of Priority of each lamp. L and T represent the
total number of lamps and time periods, respectively.

The model constraints are as in eq. (2)-(4):

L
z Pwy = RR (2)
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RR stands for Required consumption Reduction, and MR is
abbreviation of Maximum consumption Reduction that is
considered for each lamp for avoiding turning off any lamp
completely. As it can be seen in Eq. 4, corresponded PR for
each lamp is a number between 0, and 1. The lamps with
priority numbers close to O are the lower important lamps
than lamp with priority number close to 1. It should be noted
that the lamps that are considered for lighting system are

reducable.

3 Case study

This section represents the case study used for verifying the
proposed optimization methodology. As it was mentioned,
the main purpose of this paper is to optimize the
consumption of the lamps of a residential house, based on
the electricity price variation. The considered house consists
of three bed rooms, one living room, one kitchen, and two
bathrooms, and the corridor. The overall map of the house
can be seen in Fig.2. According to Fig.2, there are 10
reducible lamps in the house with 100 W maximum power
consumption. Regarding the RERs, there is a PV system
located at the top roof of the building, which supplies a part
of the consumption of the building. The maximum capacity

of PV generation is 4 KW.
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Fig. 2. Plan of the house

If all the lights are turned on with the maximum intensity,
the maximum consumption of lighting system in this house

will be 1000 W.

Power (W)

The total power consumption of the building, the power
consumption of lighting system, and PV generation are
shown in Fig. 3. This consumption profile refers to a daily
profile in summer.
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Fig. 3. Consumption and generation profile

As one can see in Fig. 3, the blue line indicates the part of
the building consumption that belongs to the lighting
system. As it is clear in Fig. 3, there are several moments that
not only the PV generation (Green Columns) supplies the
entire electricity demand of the building, but also the excess
of the produced power can be injected to the utility grid, or

store in energy storage if exist.

The electricity prices that are used for this study are the
market prices for a summer day in 2018 and have been
adapted from Portuguese sector of Iberian Electricity
Markets [11]. The optimization algorithm checks the
electricity price in each moment in order to calculate the set

point price to make decision for running the optimization.

It is obvious that in the periods of day that PV generation can
supply the electricity consumption completely, there is no
need to reduce the lamps consumption despite the high

electricity cost.

4 Results

This section represents the obtained results of proposed

methodology. The consumption reduction of lighting system

can be seen in Fig. 4.
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Fig. 4. Before optimization and after optimization

As it can be seen in Fig.4, the lamps consumption is reduced
in the expensive prices such as 11 am, and 12 am, or from 4
pm to 11 pm. There is no power re-duction in some periods
such as 1 pm to 3 pm which PV generation is enough for
supporting the house consumption, despite the expensive

electricity price.

As a last result, Fig. 5 illustrates the effect of optimization in

the energy bill of the building for one day.

As it can be seen in Fig. 5, the optimization process leads to
reduce the energy cost of the house in one day from 0.509

EUR to 0.29 EUR, by respecting to the user’s preferences.

Conclusions

In this paper, an optimization algorithm has been proposed
for a residential house. This algorithm considered real-time
pricing schemes and optimize the consumption of lighting
system of a house in the periods that electricity price is
greater than a specific value. The main purpose of the paper
was to optimize the power consumption and reduce energy

bill with take advantages of renewable energy resources.

The presented model can be solved via several software with
a linear programming solver environment.
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Fig. 5. Reduced energy cost after optimization
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- Estabelece o regime juridico aplicdvel ao autoconsumo de energia renovavel, estabelecendo a disciplina da atividade de

produgdo associada as instalagdes de utilizagdo do autoconsumidor de energia renovavel.

- Estabelece, igualmente, o regime juridico das comunidades de energia renovavel, procedendo, nesta parte, a

transposicdo parcial para o direito interno da Diretiva 2018/2001 do Parlamento Europeu e do Conselho, de 11 de

dezembro de 2018, relativa a promogéao da utilizagdo de energia de fontes renovaveis.

Norma revogatoria
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