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ABSTRACT

In this thesis, application of Fuzzy Logic controller to the building energy
management system using solar power system energy as a renewable energy source has been
put into practice in smart home automation buildings. Solar panels with 2 photovoltaic system
with 150 Watt force value and 2 accumulators with 12 V 200 Ah values were used in this
hybride power system. The aim of this study is to provide the created system both work
autonomous and grid connected. According to this purpose, including the grid connection
failure providing energy permanence on managed loads is aimed. This process done by Fuzzy
logic controllable building energy managament system. Energy which is produced by hybrid
system, firstly charges accumulators and then is transfered to grid or loads. If the hybrid
system doesn’t produce energy and batteries are empty, continuity of autonomous loads are
compensated from city grid. Additionally before the connecting to the city grid, the controller
can analyze home distribution system for supply to the life safety and most importance loads
such as , fire alarm control system, access door system, wifi network and extar low voltage
power supply. The most important factor here is to ensure the stability of the energy supply of
important loads. Second issueis that, energy saving by opening unnecessary loads and also
reducing unnecessary energy consumption in smart home systems through specially applied

lighting, brightness, movement and precense sensors has been studied.

Keywords: Smart home, photovoltaic panel (PV), renewable energy, DC/DC converter,

DC/AC inverter, fuzzy logic controller



XULASO

Bu tezisds glinos panellorindon alinan elektrik enerjisinin barpa olunan enerji manbayi
kimi istifads edarok binanin enerji idaraetmasini geyri-salis montigin tatbiqi ilo idars
olunmasi tadqiq edilmisdir. Bu hibrid enerji sisteminds 150 Vatt guclinds 2 fotovoltaik
sistemli glinos panellori vo 12 V 200 Ah guiciinds 2 akkumulyator istifads edilmisdir. Bu
tadgigatin magsadi yaradilmig sistemin hom avtonom islomasini, ham doa sabokoya
gosulmasini tamin etmakdir. Bu magsadls, idars olunan yiklar tizarinds enerji davamliligini
tomin edon saboka baglantisinin kasilmasi hadaflonir. Bu proses geyri-salis montigls idars
oluna bilan bina enerjisinin idars edilmasi sistemi tarafindon hoyata kecirilir. Hibrid sistemlo
istehsal olunan enerji avvalco akkumulyatorlar: doldurur, sonra isa sobokays va ya yuklora
Oturaldr. Hibrid sistem enerji istehsal etmirsa va batareyalar bosdursa, hoyati vacib va binanin
idaroetmasi tigiin lazim olan yiklorin davamliligi sahar sobokasindon kompensasiya edilir.
Bundan slava, sohar sabokasinae qosulmazdan svval nazarstgi evin paylama sistemini hoyat
tohliikasizliyi vo yangin signalizasiyasina nozarat sistemi, giris qapist sistemi, WiFi sobokasi
Vo zoif axin enerji tochizati kimi on vacib yiklori tohlil eds bilor. Burada on mihtim amil
muhim yuklarin enerji tachizatinin sabitliyini toamin etmokdir. Ikinci mosalo ondan ibaratdir
Ki, xUsusi tatbiq olunan isiqlandirma, parlaqliq, harokat vo daqiqlik sensorlar1 vasitasilo agilli
ev sistemlorinds lazimsiz yiiklorin agilmasi yolu ils enerjiys gonast, homginin lazimsiz enerji

sarfiyyatinin azaldilmasi tadqiqg olunub.

Acar sozlar: Agilli ev, glinas panellari, barpaolunan enerji, DC/DC cevirici, DC/AC inverter,

geyri-salis mantigli kontroller
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INTRODUCTION

Relevance of the topic. Energy is not the only factor that causes economic growth, but it
is a critical factor. Energy is considered a factor that indirectly affects the growth of monetary
investments. This proves the importance of energy for sustainable development. With energy
in our life, it is possible to run a factory, produce products, travel, send goods and services from
the producers to the clients, etc. Because energy is so essential, industrialized nations compete
with each other to control energy resources. Today, the events taking place in the region and in
the world, which have the strategic importance of oil and gas, once again show how important
energy is.

In modern times, the decrease in energy reserves, the fluctuating prices, and the conflict
of interests of the world's countries for political, economic, and energy sources make it
necessary for each country to define a strong strategy to ensure energy security.

In ensuring the country's energy security, the reliable supply of energy carriers to the
population and the economy, diversification of fuel and energy types, the use of renovable
energy fuentes, and the efficient and effective use of energy resources are particularly
important. Efficient use of energy resources is defined as one of the main directions of
sustainable energy policy. Energy efficiency is important for countries that want to have a
strong and sustainable economy.

Energy efficiency is the reduction of the amount of energy consumed without reducing
the quantity and quality of production, without creating an obstacle to the improvement of the
level of financial development and well-being. In a broad sense, energy efficiency and energy
saving mean reducing the losses of energy resources (electricity and heat energy, natural gas,
gasoline, diesel, etc.), ensuring the recovery and evaluation of waste and energy, meeting the
energy demand without affecting production through the application of modern technologies
and scientific and technical achievements. Includes measures such as reducing and increasing
the use of alternative and renewable energy sources. Energy efficiency is not only aimed at
saving resources but also creates conditions for sustainable economic development, the
transition to a green economy and ensuring environmental safety, the production of competitive
and cheap industrial and agricultural products, increasing the supply of consumers with energy
carriers, and reducing wastage and excess costs in communal services. If energy efficiency is
not ensured, the country's excess funds spent on energy resources will remain a major problem
in the face of economic development and social welfare.

Ensuring energy efficiency is one of the main components of the energy security policy

of our country. Energy resources should be used efficiently and effectively to ensure the



stability of our country's energy security, reduce the energy capacity of the gross domestic
product, strengthen the competitiveness of the country's economy, protect the environment, and
reduce wastage and excess costs in communal services.

Effective use of energy resources and ensuring the energy efficiency of end users
simultaneously creates conditions for achieving sustainable development of the country's
economy, increasing export potential, increasing the supply of energy resources to consumers,
and protecting the environment and energy resources. It is a more effective and efficient
management method of electric energy obtained from solar panels from alternative energy
sources by applying fuzzy logic.

The purpose of the thesis. The main purpose of the dissertation is to provide a control
system for fuzzy logic management of electricity from solar panels.

The research object of the thesis.The processes related to the problem arising during
the operation of the electric energy received from the solar panels, and the subject of the
research is managing the electrical energy from solar panels with fuzzy logic and its application
in smart home systems.

The scientific innovations of the work. At present, the use of solar panels for energy
supply in newly built buildings in the territory of Karabakh and Zangezur economic regions,
which have been freed from occupation, is becoming widespread in our country. The
application of fuzzy logic in this energy management also improves the energy consumption of
the controllers used in the management of smart homes. It also ensures proper management of
energy received from solar panels.

The structure of the work. The presented dissertation was compiled as a result of the
observations made in the research facility and the collected theoretical data.The dissertation
consists of an introduction, literacy review, three chapters, a conclusion, and a bibliography.

The dissertation consists of 73 pages and 38 figures and 7 data tables. The list of used

literature includes 53 titles of literature.



CHAPTER 1
1. PRINCIPLES OF BUILDING SOLAR PANELS USING SOLAR ENERGY
1.1. Literacy Review

Since the birth of fuzzy set and the first application in the process control domain this set
theory has become broad, deep, and systematic and has found many applications in laboratories
and industries. Extensive fuzzy logical control algorithms have been proposed and many of
them implemented successfully. (Zadeh, 1965; Mamdani, 1977)

The self-organizing FLC and some other run time adaptive approaches to automated fine-
tuning of FLCs have been proposed (Bartolini, 1985). These adaptive schemes reduce the time
and effort required of the controller designer to finetune the system. These adaptive methods
base their modifications to the fuzzy logic controller on a local evaluation of the system'’s
performance and the resulting global performance of the controller are somehow improved at
the same time. Fuzzy set theory, which was first defined mathematically by Zadeh in 1965,
started to enter electronics and automation applications only in the second half of the 1980s.

In 1993, Christos Douligeris classified home automation products. (Christos, 1993)

Lan Zhang, Henry Leung and Keith Chan carried out the study and application of
combining the smart home control system with basic knowledge in their studies. Here,
information is checked and collected with internet access. In the network inside the house, it is
connected to radio waves via bluetooth and the user's requests are calculated with fuzzy logic
and sent to the device unit inside the house. From here, it is sent to the peripheral devices.
(Zhang et al., 2008)

Zhang, McClean Scottney, Hong; Nugent and Mulvenna carried out an important study in 2008.
They have designed a healthy home environment project for elderly and disabled people and
Alzheimer's patients who need help. In the designed system, basic information such as people's
resumes are sent to smart sensors and evaluated there. In this way, both ease of movement and
24-hour health control can be provided for these people. It is known that 18 million people
worldwide have Alzheimer's disease. When this is taken into consideration, it is understood
how important but still insufficient studies are. (Zhang et al., 2008)

Today, smart home technology provides home and environmental security, and many processes
such as heating and cooling of the house, automatic control of the garage and garden door,
supervision of the children at home from the office, automatic irrigation of the garden are
carried out. Each newly built smart house brings a different perspective to automation by

revealing its superiority over the previous one.



H.Isik and A.A.Altun controlled a system created in a home environment using a
microcontroller and the devices connected to this system using a mobile phone in their work
that they designed and implemented in 2005. Before the system was designed, the circuit that
decodes the key codes sent from the person's mobile phone, that is, DTMF (Dual Tone Multi
Frequency) tones, was designed. After decoding the DTMF tones coming to the mobile phone
connected to the system, the decoded code was processed with the help of the programmed PIC
16F84 microcontroller. This implemented system is open to development. In addition, the
number of controlled devices connected to the system can be increased depending on this
improvement. (Isik et al., 2005)

Infrastructure in smart homes needs to be flawless. If not, the smart home is nothing more than
a nightmare. The smart home managed by the mainframe has a complex technological
infrastructure. Apart from the fact that all devices in the house understand the user's language,
the devices must understand each other. In other words, there is a need not only for smart
products in the house, but also for the service that will perform the installation and, more
importantly, the maintenance of the technology in the house.

Despite all the convenience that smart homes add to our lives, the concept of smart home can
sometimes cause negative consequences. Health problems such as dizziness, nausea, and
difficulty in adaptation, which occur as a result of improper regulation of air conditioning
systems, are among the most common problems especially in office environments.

Another problem encountered in smart homes is; The issue of “accessibility” in such houses
with fully electronic equipment. In case of any disruption in the network system, since there is
no manual intervention by the user, the living space can become open to every corner over the
internet. With this; programming a computer system so that when one plan fails, another one
kicks in, setting it up securely and by ensuring that the system is operated by experts, can be
remedied. There isn't a widely agreed-upon definition of the Internet of Things in general.
Although the term's initial use has been credited to Kevin Ashton, a specialist in digital
innovation, there are really many other groups of people who have defined it. (Yuejun et
al.,2005).

The unifying theme among these definitions is that the first iteration of the Internet was
about data produced by humans, whereas the second, known as the Internet of Things, was
about data produced by things. The unifying theme among these definitions is that the first
iteration of the Internet was about data produced by humans, whereas the second, known as the
Internet of Things, was about data produced by things. The Internet of Things is defined in a

variety of ways. Listed below are a few definitions: In general, the Internet of Things (1oT) was



described as "dynamic global network infrastructure with self-configuring capabilities based on
standards and interoperable communication protocols; physical and virtual 'things' in an 10T
have identities and attributes and are capable of using intelligent interfaces and being integrated
as an information network”. (Ashton, 2009) loT aims to enhance the functionality of the
original Internet and make it more practical. Users can share information provided by items in
the actual world as well as information provided by humans and stored in databases using the
Internet of items (IoT). (Li et al., 2015)

The Internet of Things (IoT) is an intelligent ecosystem of pervasive computing that
connects physical objects to the Internet and to one another for a variety of practical reasons.
Incorporated intelligence that is capable of detecting changes in an object's physical condition
can also be used to describe it. We can say that the Internet of Things (10T) is a new technology
system that combines a lot of information technologies because the general definition of 10T is
that it involves computers, sensors, and things interacting with each other and processing data.
Different technologies are combined into the semi-autonomous Internet of Things. It establishes
connections between individual devices and the network. In the network, there are also
controller systems (software and services) that serve as the system's brains for processing data
by analyzing and interpreting the information gathered by the connected devices to decide what
to do and how to do it from the same or different devices. ( Zhong, 2015)

The main goal of 10T is to provide us the ability to use the internet to uniquely identify,
signify, access, and control anything at any time and from any location. Numerous intelligent
and autonomous apps and services that have considerable advantages for one's personal,
professional, and financial well-being may emerge as a result of the interconnected device
networks. (Miller, 2015)

When we conduct this literature review, we see that most of the above-given literature
on smart homes mainly focuses on possible energy security problems that can happen to smart
homes. A lot security issues are repeated by different authors in different years and some
differ. | can't see any paper that covers the entire architecture of smart homes, from home to
remote server, and focuses only on some parts of the system, and in my thesis | will close this
research gap by conducting a comprehensive energy security risk assessment for the entire
system. Also, these documents are not about possible solutions or countermeasures for every
mentioned threat. Neither the implications nor recommendations were presented in their article.

to investigate this gap, research questions were defined.
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1.2 Alternative energy sources and solar panels

One hundred thirty years ago, when Thomas Edison demonstrated the invention of the
incandescent lamp, he said: "We can make power so reasonably priced that simplest the wealthy
will mild candles”. Unfortunately, the non-rich still burns candles, and electricity costs still
represent a significant portion of the total operating costs of buildings. With the increase in the
use of electricity for lighting, some measures should be taken to reduce costs. With the rapid
development of automation systems in structures called smart buildings, ventilation, heating,
cooling, energy control, and security systems can be controlled from a central location. Large
enterprises generally prefer these systems, such as large shopping malls, hotels, hospitals,
museums and libraries, airports, cultural centers, bank offices, and high-rise buildings in
general (Lin et al., 2021). Households accounted for 43. Three percent of final energy
consumption, industry and construction for 20.2 percent, transport for 23.2 percent, and other
sectors of the economy for 13.3 percent. This rate is around 40% on average in all countries.
60% of the electricity consumed in the housing and service sector is intended only for lighting
purposes, equal to 21% of the energy consumed in Azerbaijan. Therefore, unnecessary and
uncontrolled lighting in the building consumes energy and increases the facility's operating
costs. Efficient energy use in lighting will significantly contribute to the country's economy. As
in other developing countries, the demand for energy in our country is increasing day by day
due to reasons such as the continuation of industrialization and rapid population growth.
Between 2009 and 2020, primary energy consumption increased by 32%.

Electricity production
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Figure 1.1. Total electrical energy production chart in Azerbaijan

According to the information of the countries that are members of the Organization for
Economic Cooperation and Development, our country is at the forefront due to the increased

demand for electricity between 1913 and 2021. This increase is visible in Figure 1.1. It is known
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that for non-traditional, renewable energy sources, the possibilities are enormous. These

iogas,

lude the Sun, the planet, geothermal waters, wind, swells and drafts, rivers, bi

sources Inc

hydrogen, biomass, and fuel cell energy can be cited as an example.

Table 1.1. Electrical energy production by the types in Azerbaijan (www.stat.gov.az)
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The importance of these energies in people's living conditions even more so in the recent
period when it has improved and the energy demand has increased sharply is multiplying.
Among the types of renewable energy, the most expensive are the ones are three:

- Solar energy;

- the planet's (gravitational) energy;

- geothermal energy.

The annual amount of solar energy falling on the Earth is 3,9-10%* C or 1,08-108 kwh.

(In some sources, It is shown to be 1.57-10* kWh.) This is another user on the ground about
10,000 times of primary energy types, energy reserves, and many times more than the sum of
all the types available to people it's a lot. However, the density of this type of energy falling on
the ground is generally very small compared to its value. The energy of the SunSun falling on
the Earth exceeds all energy reserves and annual energy consumption. Solar energy can be used
in different ways. It mainly depends on the form of solar energy and how it is used. The

following picture Figure 1.2 shows the forms of solar energy and the possibilities of using it.
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Figure 1.2. Solar energy usage diagram
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It can be seen from here that solar energy is used actively and passively. Active
resignation is possible in direct and indirect ways. Examples of devices that increase the
concentration of solar energy for direct use are low-temperature thermal solar devices and
photovoltaic elements. Low-temperature thermal solar installations are usually of houses
applied for heating or hot water supply. The role of photovoltaic elements is great in the direct
conversion of solar energy into electricity. These photovoltaic elements are Solar energy
directly without being converted into another form of energy converted into electricity.

The Sun is an inexhaustible source of energy and heat. The possible production capacity
of the energy it gives to the Earth is estimated at 20 billion kW. Considering that the Sun sends
68.8.10% kW of energy to the Earth daily, its use is almost zero. The amount of solar energy
falling on the surface of the Earth is 1.2x10%** T conventional fuel. Solar energy is considered
the most environmentally friendly and cost-effective. The process of converting this energy into
electrical energy in the ecological environment, living and non-living, does not harm the world,;
it does not cause any changes in the evolution of the energy balance for a long time. Now in
many countries of the world, solar energy is used through cooling devices. At present, special
facilities are used for the processing, drying, etc., of agricultural products from the sweetened
sea and ocean waters. used for purposes. It has been estimated that supplying water heated by
a solar battery to a building with an area of 1,000 km2 saves electricity by 45-50 percent. Back
in the 1960s, according to the "Sunrises™ program developed by Japan, solar devices were used
for heating and cooling buildings, and more than 250 thousand such devices were in operation.

Since solar energy is sparsely distributed on the Earth's surface, it is difficult to obtain
electricity from it. One of the reasons for this difficulty is that to collect solar energy, solar cells
are required to be installed in very large areas. On the one hand, the occupation of large areas
of land; on the other hand, the high cost of batteries does not allow the use of this energy to be
economically and ecologically efficient. The most convenient way to use solar energy is to
operate space power plants powered by solar cells. It is believed that even though the SES
operating at a distance close to the Earth's orbit occupies a large area, it can become the most
profitable production area in the future. At a distance close to the Earth's orbit, the solar energy
converted into electrical energy is transmitted to the planet by special devices and creates an
electric current.

In modern times, the limitation of traditional fuel resources and the lack of these resources in
many countries suggest the use of solar energy on a large scale. For example, in the "Sun
Village" located on a plateau 200 km from the capital of Algeria, the 2500 inhabitants of the

village get their heat, steam, fuel, and electricity entirely from the Sun is paid at the expense of
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heat. "Solar basins" created in Israel, on the coast of the Dead Sea, in Australia, in the USA,
and in Algeria drive 5-50 kW GES. In our country also appling solar system in the villages for
building new villages in Karabagh region , another mountain villages and also lot of industrial
regions.

As we know, using electricity is more affordable, convenient, and efficient than other
types of energy. Therefore, learning the principles of obtaining electricity from solar energy
and using it is currently one of the most critical issues. According to the information provided
by the International Energy Agency (IEA), 66% of the energy used in the world comes from
organic fuel, of which coal is the central part. The share of renewable energy sources is only
2.8%. Solar modules share 0.6% of this share. The progress of solar technologies from year to
year increases the demand for the participation of this field in the energy industry. The
advantages of solar energy can be classified as follows:

- Lack of dependence on external influences;

- Being a cheap source of energy, excluding the cost of production and installation;

- Absence of transportation, transportation, and transmission problems;

- Being an inexhaustible and ecologically clean source of energy;

- Storage of solar power in a special way when energy is not used;

- Giving concessions by the government and organizations to houses or areas that use
solar energy for their participation in environmental protection;

- The possibility of selling surplus energy from the SunSun- to the electricity grid. In
addition to all this, we can say that by using solar energy, we support greening; we also maintain
a favorable position of business, efficient development, and energy reliability at all times. Solar
energy can be converted into thermal, mechanical, and electrical energy and can be used in
chemical and biological processes. Electricity from solar energy is mainly obtained in two
ways: The first method is the traditional method of obtaining electricity from solar energy. An
example of this is to feed steam to a steam turbine and their electricity energy can be produced.
The second method is the purchase of electricity with the help of solar cells. With their help,
the thermal energy of the Sun's rays can be directly converted into electrical energy. Solar
elements are used for this. The thermal energy of the Sun'sSun's rays is converted into electrical
energy in these elements, resulting in a constant electric current. This process is based on the
famous photo effect. It is the transformation of this energy. A typical solar cell produces a
voltage of 0.5 to 1V and can produce about 0.7W of electricity. A solar panel consists of many
solar cells. The electricity requirements of many households in remote areas are fulfilled by

using solar panels. Streetlights and traffic lights are also powered by solar energy.
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PV cells are produced using semiconductor materials. They are typically obtained by
combining two thin semiconductor materials, p-type and n-type. Electron transfer takes place
between these two semiconductor materials. Although many semiconductor materials can be
used in PV cell construction, crystalline silicon is commonly used. The crystalline silicon cell
is divided into groups such as single crystal silicon (sc-Si) and polycrystalline silicon (mc-Si),
depending on the production technology of the silicon used in its construction. In 2010, 87% of
the PV panels sold worldwide were produced with crystalline silicon technology. The yields of
crystalline silicon materials vary between 14% and 19%. Another material used in PV cell
construction is Amorphous silicon (a-Si). Amorphous silicon is a material used in thin film
technology. The efficiency of panels using amorphous silicon varies between 4% and 8%. In
the laboratory environment, their efficiency can reach up to 12%. Some companies produce
panels using a-Si for use in curved areas such as roofs and facades. Another material used in
thin film technology is Cadmium Telluride (CdTe). Cadmium Telluride thin film technology is
cheaper and has higher cell efficiency (16.7%) compared to other thin film technologies.
Cadmium telluride contains cadmium, a by-product of zinc mining, and telluride, a by-product
of copper mining. The most important problem of this material is that telluride is produced less
than cadmium and its production is dependent on the copper sector for many years. Another
material used in thin film technology is Copper Indium Selenide (CIS). Of all thin-film PV
technologies, CIS PV technology provides the highest efficiency. Today, the panel efficiencies
vary between 7% and 16% today, the level of 20.3% has been reached in the laboratory
environment. Although not as widely used as the technologies described above, there are two
other types of production technologies: concentrator PV cell technology and organic PV cell
technology. In concentrator cell technology, daylight is concentrated by means such as lenses.
The downside to these types of cells, however, is their requirement to receive light at a constant
right angle. Organic PV cells are made using organic or polymer materials. Although not very
expensive, their efficiency is between 4-5% in commercial PV panels and 6-8% in laboratory
environment. Therefore, their use is not widespread. Photovoltaic is the process of producing
electric current by photons of light. Semiconductors such as silicon, gallium arsenic, cadmium
telluride or copper indium diselenide are used as materials to absorb light photons. They are
similar in structure to diodes consisting of p and n junctions. In order for these semiconductor
materials to be used in PV cells, they must be doped in p or n type. By adding the necessary
additives into the p or n type base material, p-n junction surfaces are formed. The oppositely
charged majority carriers in the Combination Zone merge and disappear in a short time.

However, due to the "crippled atoms” they leave behind, a negative charge density occurs in
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the p region and a positive charge density in the n region. Thus, a potential difference occurs
between the two sides of the joint surface. This potential difference, which occurs at the depth
of the junction zone, prevents the charge carriers outside this zone from being destroyed as a
result of their merger by passing to the opposite side; in other words, it creates a force equivalent
to the force with which opposite charges attract each other, keeping the crystal in balance. In
order for the silicon crystal to produce a measurable voltage or power, an external energy flow
in the form of a luminous flux is needed. In this case, the newly generated charge carriers
(majority carriers) shift to the opposite polar regions with the effect of the Diffusion Voltage
and cause the polarization of the crystal by polarizing the regions they leave in opposite signs.
This voltage is called the "Open Circuit Voltage Uoc" of the crystal. With this polarization,
which results in a very short time, a measurable voltage difference occurs between the outer
surfaces of the crystal. If a load is connected to the cell output, an electric current is generated.
The PV cell structure is similar to the diode as described above. In order to prepare the
simulation models of the PV cell, it is necessary to obtain its mathematical equations. In order
to derive these equations, the electrical equivalent circuit of the PV cell must be known. The
PV cell is expressed as a current generator. ISC in the equivalent circuit represents the photon
current, the diode p-n semiconductor junction surface, and the losses in series and parallel
resistors. In the equivalent circuit, using Kirchhoff's law of currents and voltages, the output
current (Ipv) and voltage (Vpv) of the PV cell can be calculated.

Ipv = Isc — Id-Vd/Rp Q)

Vev=Vp —Rslpy (2)

Since the parallel resistance seen in the equivalent circuit is much larger than the series
resistance, the series resistance can be neglected for ease of calculation and modelling. Thus,

the diode current can be expressed by equation 2

vd

Ip =1, "eve ™! ©)

Vr=k*T/q 4)
Where
Isc: Short circuit current,

Io: Diode current,
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Vp: Diode voltage,

Rs: Series resistance,

Re: Parallel resistance,

lo: Diode saturation current,

V1: Thermal voltage,

k: Boltzman constant (1.381x10-23J/K), and
T: Absolute temperature.

The decrease in panel power depending on the temperature or the amount of radiation
causes the already low panel efficiency to decrease further. In order to prevent a decrease in
efficiency, it is necessary to obtain maximum power from the PV panels under all conditions.

For this, maximum power point tracking (MPPT) is applied. By following the maximum
power point, the panel power can be increased between 10% and 30% depending on the
changing working conditions. There are many algorithms developed for maximum power point
tracking. The most used of these algorithms are; mix and observe method, incremental
transmission method, disruptive capacity method, constant voltage method. Among the
aforementioned methods, the most widely used one is the mix and observe method due to its
easy applicability. This method regulates the operating voltage and current until maximum
power is obtained from the PV panel. PV power systems are generally classified according to
the way the produced energy is used, the type of voltage produced, the size of the PV system
in terms of power and its connection with other energy sources. The PV power system can be
operated to produce direct current (DC) and/or alternating current (AC), autonomous or grid-
connected, or in conjunction with other energy sources and/or storage elements. PV systems
are also classified as small power (up to 10 kW), medium power (10 kW to 500 kW) and large
power (greater than 500 kW).

The solar power plant is classified into two types according to the way the load is
connected- Standalone and Grid connected. The standalone system operates as a separate power
source. It is not wired into a grid. It has a direct connection to the load. When a grid is not
available, such as in a forest or hilly location, this sort of plant is employed. This kind of plant
is used to provide the load when the grid's electricity is unavailable. It can also be utilized as a
backup power source. The system can be used without a battery and charge controller.
However, to boost reliability, this method is typically used in conjunction with a battery and
charge controller. DC loads can connect directly to this plant. For an AC load, however, an

inverter is necessary to convert DC electricity into AC.
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Figure 1.3. Standalone system connection diagram

The standalone system falls into the categories listed below.

-Direct-coupled standalone system

-Standalone system with battery storage

-Standalone system with batteries and charge controller
-Standalone system with AC and DC loads

-Hybrid standalone system

Direct-coupled standalone system. The solar panels and loads are connected directly in
this kind of system. Due to the lack of an inverter, this system is not appropriate for an AC load.
So, the solar panel provides direct power to DC loads. When there is no sunshine or at night,
this mechanism cannot function. Typically, this kind of system is employed in agriculture to
run pump sets and other agricultural auxiliary equipment. The picture in Figure 1.4 depicts the
system's block diagram.
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v

Figure 1.4. Direct coupled standalone system.
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Battery-Powered Stand-alone System is possible to use this kind of device when there
is no sunlight. The solar panel is utilized to recharge the battery during the daylight hours when
sunshine is present. Additionally, the battery is utilized to provide electricity at night. Because
it does not use a charge controller, this technology is inexpensive. But under this arrangement,
the battery could be overcharged or entirely discharged, which shortens the battery's lifespan.

The picture in Figure 1.5 depicts the system's block diagram.
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Figure 1.5. Battery supplied standalone system.

Independent System with Battery and Charger - The battery's charging and discharging
are managed by the charge controller. This system has a hefty price. However, this system has
a long lifespan. In comparison to a standalone system without a charge controller, the battery
operates more effectively because of the charge controller. The picture in Figure 1.6 depicts

the system's block diagram.
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Figure 1.6. Charge controller and Battery supplied standalone system.
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Independent system with loads (AC and DC) The solar panel produces DC power as its

output. Therefore, a DC load can be connected to a solar system directly. However, the inverter

is required to transform the DC power into AC power if you need to connect an AC load. This

plant typically has connections to other AC sources as well. And when sunshine is not there,

this source is used to charge batteries. The picture in Figure 1.7 depicts the system's block

diagram.
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Figure 1.7. AC and DC load standalone system.

System connected to a grid . This kind of system is used to produce large amounts of

power and send it via a grid to the load. This plant is hence referred to as a grid-connected

power plant. In this technique, more solar panels are utilized to produce more power. A power

plant also needs a lot of space to be constructed. The picture in Figure 1.8 depicts the system's

block diagram.
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Figure 1.8. Grid connected system.
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The grid power is available as AC in order to power the grid, we need solar power plants
to provide an equivalent amount of power. The output frequency and voltage must match the
grid's frequency and voltage, which is the most crucial requirement for this system.
Additionally, the grid standard is maintained by the power quality. The schematic block
diagram of this system is shown in the figure below.

In energy production systems, the amount of energy generated and the amount of
energy used must always be in balance. In case of imbalance, some loads may be de-energized,
or systems may be damaged in case of excess energy. For this reason, these systems must be
constantly checked and inspected. It is important to know when the wind will blow and what
its intensity will be, especially in WPPs. But these values are always changing, unstable. This
instability can cause the network to be unstable as well. In order to eliminate this situation, it is
customary to estimate the wind speed using different techniques. Determining this situation is
important for understanding when energy production will occur or not and its amount.

Numerical weather forecasting or statistical methods are commonly used to determine
wind speed. Forecasting methods are short-term forecasting and long-term forecasting.
Especially short-term forecasts are important for determining the amount of power produced
instantly. Long-term forecasts are important, for example, in determining the amount of energy
that can be obtained from wind farms periodically in a year. Estimation is of great importance
here is gaining. A high degree of accuracy is important for the economic gain to be obtained
from both the network and the farm. Advanced control techniques are commonly used for wind
forecasting. Among them, artificial neural networks it is tried to determine the wind speed by
using The fact that this technique depends on learning with statistical methods seems to be the
biggest benefit of this type of estimation system.

Looking at the data from prior years is one of the estimating approaches employed in
this regard. By averaging the data collected in prior years, wind speed is attempted to be
predicted. The wind speed intensity distribution fits the Weibull and Rayleigh distributions,
according to another statistical method. The Weibull distribution function gives the probability
that the wind speed will be less than or equal to a given speed value. The Rayleigh distribution's
ability to be determined using merely the average wind speed is its greatest advantage. The
Weibull and Rayleigh distributions' parameters can be found using several techniques.For
example, using the least squares method, these functions try to estimate the wind speed. In
addition, values such as mean wind power density, standard deviation, energy density, and

average speed are found with the Weibull and Rayleigh distribution functions .
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One of the estimation techniques used in this case is to look at the data from previous
years. Wind speed is projected using an average of the data gathered in earlier years. Another
statistical method shows that the distribution of the wind speed intensity fits the Weibull and
Rayleigh distributions. The Weibull distribution function gives the probability that the wind
speed will be less than or equal to a given speed value. The main advantage of the Rayleigh
distribution is that it can be determined from the average wind speed alone. There are numerous
methods to find the parameters of the Weibull and Rayleigh distributions.For instance, these
functions attempt to predict the wind speed using the least squares method. Additionally,
metrics like mean wind power density and standard deviation, energy density, and average
speed are found with the Weibull and Rayleigh distribution functions .

Just as wind speed is important in RES, the amount of sunlight is important in PV solar
panels. It is especially important to determine the number of sunny days in a year and to reach
information such as the power that can be obtained from PV solar panels in a region and the
return on investment. In addition, the high intensity of sunlight is another factor that will
increase the amount of energy to be produced.

The fact that renewable energy sources such as solar energy are affected by
environmental conditions and the energy obtained from these sources is not continuous causes
problems in the load part. In the absence of the SunSun or on a rainy day, the amount of energy
to be obtained from solar energy changes. Similarly, the wind is always, it does not blow at a
constant speed; it is intermittent. Therefore, the amount of energy to be obtained from these
sources is variable. Especially in low-power applications, for example, if a house's energy needs
are provided by these sources, cutting off the energy while watching television is a troublesome
problem in the case. To prevent such situations, energy resources must be managed effectively.
Guaranteed power technique is a method developed to prevent problems such as voltage drop
in sudden changes on the load side. A part of the energy produced in this technique is separated
in the system under the name of guarantee power. Therefore, as long as this amount of energy
allocated is not exceeded, sudden load changes are not felt on the load side. Figure 2.11 shows
a block diagram of such a technique. Here, the guaranteed power value may vary depending on
the size of the system used. The sum of the power produced and the guaranteed power is always
more than the power consumed. In case of deficiency, if there is another energy generation unit

installed in the system, this is activated.
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1.3. Solar Photovoltaic system description

Off-grid solar photovoltaic (PV) systems are also known as standalone solar PV power
systems. These store electrical energy generated by solar PV modules in storage devices such
as batteries. Energy stored in batteries can be used when there is a demand for power supply
or at night when there is no sunshine. More precisely, these systems are used in areas with no
electricity supply, a shortage of energy, or remote locations/islands where there is no
accessibility to a grid. The following are some examples of various types of standalone or off-
grid solar PV power systems:
(a) Solar PV-powered water pumping system.
(b) Solar PV-powered home power system.
(c) Solar PV-powered cathodic protection system.
(d) Solar PV-powered telecom systems.
An off-grid solar PV system provides electricity in situations where utility power is not
available. Solar PV modules are connected in series to form strings, and these strings are
combined together in a string combiner box (array junction box), which is located near the
array. The generated DC electricity from the PV panels flows through the string combiner box
and from there to a controller in the inverter system. The controller regulates the DC power to
the batteries. The inverter converts the DC power from the battery to AC electricity, and the
AC electricity goes to the main electrical panel. From the main electrical panel, the electricity
is used by the loads connected to the main panel. These systems allow the solar power to be
stored in batteries; then, power can be supplied to the loads during the grid outage or
whenever required. Figurel.3 gives the schematic of an off-grid solar PV system. The broad
solar system components of a typical solar PV standalone or an off-grid solar PV system are
as follows:
Solar PV module.
Solar charge controller.
Battery.
Solar PV modules are available in various sizes with different technologies, different
wattages, and different voltages of operation. The solar modules are available with a nominal
voltage of 12, 24, and 30 V. Solar PV modules with high conversion efficiency and voltage
from different suppliers with advanced technology are available.

The current and voltage values of the module vary depending on the solar irradiance

incident on the module and the operating temperature of the module. The current-voltage and
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Figure 1.9. Schematic of an off-grid solar PV system.

power-voltage curves for different irradiance conditions for a 405 W module maintained at
25°C. A module of 405 W gives power of 324 W at 800 W/cm2 intensity at 25°C. This is
because the Isc of the solar module varies proportionally according to the intensity of the
radiation falling on the module. The Voc logarithmically depends on the incident radiation. So,

the Voc of the module is slightly reduced with the decrease of the intensity of the radiation.

1.4.PWM (Pulse Width Modulation) type solar charge controller

The topology of PWM's solar charge controller is less expensive. The solar charge
controller is mostly used for solar house lighting or home electricity systems, and it is directly
connected to batteries and solar PV modules/arrays. The higher solar PV array voltage is
lowered to the level of the battery terminal voltage by constantly connecting the solar PV
module/array to the battery. The battery voltage rises as the solar PV array charges it, and the
charge controller makes sure that the output voltage of the solar array is greater than the battery
voltage. Considering the solar PV module's nominal voltage, a 12 V solar PV module is
appropriately made to provide an output of about 18 V. Considering the solar PV module output
voltage variation owing to temperature rise and cable voltage loss, a solar PV module with a
nominal voltage of 12 V is appropriately built to generate an output of about 18 V, which may
charge the battery to 14.4 V (the maximum charge for a flooded lead-acid battery). It should be
clear that charging a battery using a solar PV module is impossible if the two components have
the same voltage. As a result, the solar PV module must be built at a higher voltage than the
battery. Two solar PV modules with a Vimp of 18 volts each must be connected in order to charge
a 24 volt battery bank, and a 48 volt battery bank must be charged similarly. The capacity of
two solar PV modules (Vmp 14-18 V) used in line to charge a 12 V battery would be wasted,
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which is not the best use of solar PV module capacity. Similar to the last example, it would be
impossible to charge a 24V battery bank using a single solar PV module (Vmp 14- 18 V), and
the battery would instead discharge. Figures 1.4 and 1.5 show the energy lost when a 12V
module is linked to a 12V battery and a 24V module is connected to a 12V battery, respectively.
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Figure 1.10. Energy loss occurs when a PWM charge controller is used to link a 12 V
module to a 12 V battery.

Constant voltage controllers with two stages of regulation are PWM solar charge
controllers. In the initial charging stage, the controller will use a higher voltage to fully charge
the battery. In the second stage, the battery will be trickle-charged to maintain a 100% charge
level once it has been fully charged by lowering the voltage from the solar array. This method

of charging keeps the battery's charge level at 100% while reducing water loss and
overcharging.
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Figure 1.11. Energy loss while using a PWM charge controller to connect a 24 V
module to a 12 V battery.
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1.5. MPPT (Maximum Power Point Tracking) type solar charge controllers

PWM controllers use older, less sophisticated technology than MPPT (Maximum
Power Point Tracking) charge controllers. The solar array controls may run at its "maximum
power point,” which is the perfect current and voltage. While MPPT controllers can transform
extra solar energy into more power for the batteries, other charge controllers will lose extra
energy produced by the solar panels.

Although MPPT technology has been around for a while, it has only lately become
accessible to the average homeowner due to falling costs. MPPT charge controllers are used
in the majority of cutting-edge residential solar power systems. According to some
estimations, an MPPT controller can boost a solar system's efficiency by about 30%. By
turning extra voltage into more amperage for the battery, MPPTs increase efficiency.

For residential solar installations, MPPT controllers are invariably the best option. The
improved efficiency of an MPPT controller will be extremely advantageous for any system
that makes use of many panels. This holds true in every system where the PV array working
at a higher operating voltage than the battery storage bank. This extra power would be wasted
by other controller kinds. MPPT charge controllers are more expensive than PWM charge
controllers. However, because the controller can generate more power from the same number
of solar panels over time, the higher initial purchase price results in cost savings. Batteries
function at a lower voltage and typically charge at a slower rate when they are almost empty.
In this case, an MPPT is useful since it can transform the additional voltage into higher amps
for the low battery. There are also all-in-one bundles that make the installation procedure

simpler if building your own solar system piece by piece seems intimidating.
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Figure 1.12. Photovoltaic Current and Voltage characteristics curve of MPP
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Photovoltaic modules are semiconductors devices able to directly convert the incident
solar radiation into electric energy. On the I-V photovoltaic plot, presented on Figurel.7, two
different regions are identified: (1) current source and (2) voltage source. The point called
MPP will always occur on the knee of the curve, where the generated PV power is
maximized.

In most applications it is desired to optimize the power flow from the photovoltaic
device to the load. When this condition is required, the operation point of the system must be
established at the MPP. Nevertheless, as the maximum power point depends on solar radiation
(S) and temperature (T), and these environmental conditions varies randomly, the MPP
position is constantly changed. In order to always ensure the operation point on the maximum
power point, or close to it, specific circuits, called Maximum Power Point Trackers (MPPT),
are employed. Typically, the MPPT is achieved by interposing a DC-DC converter between
the PV generator and the load, thus, from the voltage and/or current measurements, the MPPT
algorithm calculates the optimal duty cycle (D) in order to maximize the power flow.
Figurel.8 presents the whole scheme. Obviously, as the radiation and temperature are
dynamic variables, the MPPT algorithm must work practically in real time, updating D
constantly and keeping the accuracy and speed of tracking.

The most cited MPPT algorithms on the literature are: Constant VVoltage, Perturb and Observe
(P&O), Incremental Conductance (IncCond), Short-circuit Pulsed-base and Openvoltage
Pulsed-based.

Constant Voltage - this method only a voltage sensor is necessary and the DC-DC converter

duty cycle is changed in order to provide a constant PV output voltage.
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Figure 1.13. Implementation of MPPT system using voltage and current sensors.
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The main aspects related to this algorithm are:

1) Single sensor.

2) Ease of implementation.

3) Tracking accuracy dependent on the PV surface temperature.

Perturb and Observe (P&O) is one of the most used MPPT algorithms. The main advantage of
this technique is that the search for the MPP will be done independently on the environmental
conditions, however its implementation requires a voltage and a current sensor. When in
operation, the P&O algorithm calculates the PV output power Pn.1=In1 Va1 and causes a
perturbation on the duty cycle D. If after the perturbation the power P, = | nVyincreases, i.e.,
pn > pn-1, the perturbation is kept at the same direction. On the other hand, if after the
perturbation the power pn = | nVn decreases, pn<pn-1, the direction of the duty cycle is nverted.
Obviously, the step-size will determine the velocity in which the MPP will be search and the
oscillations around it: small steps imply in reduced tracking speed and low oscillations around
the MPP in steady state and large steps imply in high tracking speed and large oscillations
around the MPP in steady state, presents below Figure 1.14
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Figure 1.14. MPPT based on Perturb and Observe: a) small steps b) large steps
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Incremental Conductance method is the most suitable MPP algorithm, once it combines
tracking speed and accuracy. From the voltage V and current | measurements, the algorithm
calculates the photovoltaic output power P and its derivative in function of the voltage dP/dV.

Usually the IncCond method is implemented digitally and the derivative is represented by (1):

dpP_
av

al _ In-1+In

Iy + ———— (1)

| + —=
av Vn—-1+Vn

Short-current Pulsed-base - This algorithm is based on the 1-V photovoltaic characteristic,
where it is verified that the maximum power point current | mpp is directly proportional to the

short-circuit current | sc through a factor k s :

I mpp =Kse X I'sc 2)

A disadvantage of this method comes from the fact of the measurement of the I sc must be
done periodically, however, during the short-circuit time interval, there is no power being
transferred to the load.

Open-voltage Pulsed-base This algorithm is also based on the 1-V photovoltaic curve, from
where is noted that the maximum power point voltage Vmpp is directly proportional to the

open-circuit voltage Vo by a factor K oc:

V mpp =K oc X'V oc (3)

Again, oc k keeps itself constant under a wide range of temperature and irradiance conditions,
and it value depends on the employed photovoltaic module. For modern photovoltaic modules
this constant may be set in k oc = 0.76. The problem with this algorithm comes from the time
interval needed to measure the open voltage, since the energy is wasted when the load is
disconnected from the photovoltaic device.
Advantages and disadvantages of MPPT type solar charge controller:

- Efficiency: This sort of Controllers can convert excess voltage into more useful
current, making them superior for large systems with fluctuating voltages.

- Works in both warm and cold weather situations in regular operating mode.

- Costlier than PWM controllers is a drawback.

30



1.6. Methods of increasing the efficiency of the solar panel

Solar panel cleaning

1) Natural Cleansing

2) Mechanical cleaning

3) Electrostatic cleaning

4) Cleaning the panel with human presence

Natural cleaning

Dust accumulated on the upper surface of solar panels has a negative effect on the
efficiency of the panel. Natural ways such as wind or rainwater can be used to remove these
dusts from the panel surface. However, these methods are not effective in completely cleaning
the dust accumulated on the panel surface. The process of cleaning the panel surface by
natural methods is especially effective when the solar panel is in an upright or inclined
position, as well as on rainy and windy days. (Arun et al., 2020)

Mechanical cleaning

Among the solar panel cleaning methods, one of the most used methods is mechanical
cleaning systems. These systems use brushes or compressed air to clean the panel surface.
There is a possibility of damaging the glass on the surface of the panel by scratching during
cleaning with the brushing mechanism of the brush. High energy consumption is achieved by
using fans during cleaning with compressed air. Therefore, in terms of energy efficiency, this
method is widely used in solar panel cleaning systems. Mechanical cleaning of solar panels
can also be done through remote control receiver and transmitter circuits.

Electrostatic cleaning

Solar power plants built today are built on inefficient soils, and environmental factors
such as dust and sand in these soils negatively affect the output power of the panel. Although
natural factors such as rain and wind clean these negative factors on the surface of the panel,
they cannot completely remove them from the surface of the panel. In this case, another
method of cleaning solar panels - electrostatic cleaning method is used. This system consists
of parallel electrodes placed under the glass of the solar panel. This electroplating panel is a
layer that protects against sand. As a result of gravity, a flip-flop movement occurs in the
device, and as a result, dust particles are cleaned from the surface of the panel. This cleaning
method is carried out with the participation of a person. It is the most commonly used method
for cleaning solar panels. Using this method, solar panels are cleaned with clean water at least

once a month. Panel degradations
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Exposure to Light - There are various forms of mechanical and chemical degradation
caused by panel exposure to light, including:

Light-induced degradation (LID). Interaction of crystalline silicon cells in the panel
with the external environment. (Mammodov, 2011)

Direct Light Induced Degradation (DLID). Direct exposure to sunlight during the
initial installation period can cause the electronics inside the photovoltaic cells to warp or
warp from heat.

UV light induced degradation (UVID). Initial exposure to sunlight causes a boron
dioxide layer to form on the surface of the panel, reducing the efficiency of the crystalline
silica.

Potential Induced Degradation (PID)- Unlike LID, PID does not necessarily affect

every solar panel, but can occur if photovoltaic cells and components are operated at different

voltages. This breakdown causes voltage leakage, reducing the amount of electricity the panel

can send to the inverter.
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CHAPTER 2
2. FUZZY LOGIiC ENERGY MANAGEMENT
2.1. Fuzzy Logic Theory

Lutfy A. Zadeh published his ideas as The Theory of Fuzzy Logic and Fuzzy Sets. The
word "fuzzy logic" in the theory immediately attracted attention, but in the sense of an
adverse mass reaction. When Zadeh uses the phrase "fuzzy logic" to explain his theory fully
and clearly, "Does your logic also have a fuzzy one!" objections began to rise. The most
important reason for these debates was the difficulty of associating the word "fuzzy" with
logic. Because many logicians and practitioners of logic were cynically criticizing the word
"fuzzy" without asking L. Zadeh what the logic he developed was. For this reason, fuzzy logic
theory has found an application area in another country. Because in America, there was
already a set of values that cared about "precision.” The Japanese have succeeded very well in
adopting and developing this original idea while the debates are still going on in the USA.
First, they looked for a way to avoid the cold reaction to the fuzzy term. They didn't translate
"fuzzy" as "aimai" [fuzzy/vague] in their language but took it exactly as "faaji." "Faaji" has
been used to connote "intelligent".

To implement a linguistic control strategy based on human knowledge, Fuzzy Theory is used.
While designing control systems, respectively, fuzzy control rules that make up the target and
knowledge base are determined, and blurring and defuzzification. Fuzzy Logic is shown in

below block diagram.

FUZZY RULE BASE
AND
DATABASE

:> FUZZIFICATION ¢ ﬁ' 0 “:> DEFUZZIFICATION :>

iNPUT OUTPUT

FUZZY INFERENCE
ENGINE MECHANISM

Figure 2.1. Fuzzy Logic block diagram

The most effective theory of fuzzy sets and Fuzzy Logic. The application area is control

systems. Fuzzy systems based on knowledge or rule-based systems. To control a system,
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The mathematical model that makes up the system should be chosen well. Some
Mathematical models of systems are very difficult to obtain. For this, The best way is to use
fuzzy sets. fuzzy sets traditional concept of the set used in set theory, is that an object is part
of a set. It combines two options, such as 1" to have an element or "0" to not have an
element. is based on logic. "0 or "1" in traditional set theory, there is no in-between. A
problem with uncertainty is difficult to solve. A person is possible to put a controller that acts
like it can happen. We can call this controller system Fuzzy Logic. Conventional control
systems, with the help of fuzzy sets, Fuzzy Logic, are converted into systems. The using of
Fuzzy Logic in the control management system, before making a decision is necessary to
examine the system well. Then it is necessary to decide whether a fuzzy system will be used.
After the decision to design a fuzzy system, the first work to be done is IF YOU EVER get
the set of fuzzy rules is to. These rules are made with the help of experts.

Fuzzy Logic Controller - Due to qualities like its durability, simplicity, and adaptability, fuzzy
logic has been seen as an appealing solution for a variety of technical issues. To create this
kind of control system, three conditions must be met: fuzzification, inference rules, and
defuzzification. This system's primary goal is to regulate the greenhouse's internal climate and

increase its efficiency.

2.2. Fuzzification

Input values are converted to fuzzy values to be used in the Fuzzy Logic system.

A
med high
\\-.
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> I

Figure 2.2. Fuzzification Process
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The input values are converted into fuzzy values according to the membership functions they
belong to, and these fuzzy values obtained correspond to the membership degrees in the
membership functions they belong to. Figure 2.2 shows the conversion of a real value to a

fuzzy value.

2.3. Fuzzy Rule Base and Database

After deciding to design a fuzzy system, the first thing to do is to obtain the IF-THEN rules
table. These rules are generally created by utilizing an expert. It contains all the rules that can
be written as a logical IF-THEN type that binds inputs to output variables in the database. In
writing these rules, only all possible interval (fuzzy set) connections between input data and

outputs are considered.

Y ——— Ha(D

RULE BASE

\“i
T

y ——— HE(T)

Figure 2.3. IF — THEN concept
Thus, each rule logically connects a part of the input space to the output space. All of these
contexts make up the rule base. Figure 2.3 below shows the IF — THEN concept

schematically.

2.4. Fuzzy Inference Engine Mechanism
Between input and output, fuzzy sets in fuzzy rule base by gathering all the established
relationships together; it is a mechanism that includes a collection of transactions that ensure
that it behaves with output. This engine collects the implications of each rule and determines
what kind of output the whole system will give under the inputs. The decision-making unit is
also called the Fuzzy Engine. It is the core part of Fuzzy Logic control. This part processes
fuzzy concepts in a way similar to human decision-making and inference ability and

determines the necessary control by making inferences. The basis of a fuzzy controller is a
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rule-based system consisting of a rule analyzer, database, and rule base. Here, as in expert
systems, the rules created in the IF-THEN structure are kept in the rule base, and the types
and limit values of the membership functions used in the database are kept. The internal
structure of a rule-based inference system used in a fuzzy controller is seen in more detail in
Figure 2.4.

At I THEN y—B1 | | Rule 1
IF oA 22 y[THEN y-B2 | |Rule 2 S _
Fuzzy value Combiner
O [ 3 [ |
% .
F=A T fTHEN y-B, | |-Rule T

Figure 2.4. Fuzzy Rule-Based Inference System Structure

Different analysis methods can be applied in a fuzzy rule-based system. The most important
of them are; It is the Mamdani and Sugano model. In addition, there are different inference

methods applied in the relations to be created between more than one rule in the combiner.

2.5. Defuzzification

The result of the inference operation is a fuzzy set. Since fuzzy expressions or fuzzy sets do
not make sense in the real world, the fuzzy information obtained at the end of the inference
must be transformed into real-world information. This process is done in the defuzzification
part. Defuzzification methods are below:

1. Maximum method

2. Maximum mid-method

3. Left edge method

4. Right edge method

5. Center of gravity method

In the mid-maximum method, only the rule with the largest saturation degree is sent to the
output to obtain the sharp value of the output. That is, the result with the largest height (with
the largest membership degree) among the processed rules is fuzzy set processing. As can be

seen in Figure 2.5, where two rules are processed simultaneously, the value to be obtained
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with this method corresponds to the [y: y] interval. In the [y1 y] interval, the result
represents the large membership degree of the fuzzy set. In the range [y1 y-], the result fuzzy
set represents the largest membership degree. There are three different uses for this method in
different applications.

N

Y

Ed NN,

b o ¥

Figure 2.5. Schematic Representation of the Inference Process

Maximum Middle Method .In the fuzzy output set with the highest height, the average of the
limit value [y1 y2], which determines the limits of the maximum height, is taken. The
representation of the maximum mean subtraction method is shown in Figure 2.6. In the
literature, when "clarification according to maximum height" is mentioned, the average value

is meaning.
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Figure 2.6. Representation of Maximum Middle Method.
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Left edge method
In this type of application, the lower range limit value is selected as the result sharp value.

The representation of the left edge point method is expressed in Figure 2.7

y'=y1

WV

\V

AN

Figure 2.7. Display of Maximum Left Edge Point Method

M

Right edge method
In this type of application, the upper range limit value is selected as a result sharp value. The

representation of the right edge point method is shown in Figure 2.8

y'=y2

\Z

/TN,

Y ¥a
Figure 2.8. Representation of Maximum Right Side Point Method.
Center of gravity method
The sharp output value of the result is considered the horizontal axis value of the center of
gravity of the area formed by the sum of the fields under the compensation values of the fuzzy

sets. This method is one of the most used clarification methods.

,_Jysu(y)*dy
 Ju(y)xdy 1)
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Technically, this calculation is performed by the numerical integral y at the fundamental
discrete support points. The result is more precise. Increases calculation time.
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Figure 2.9. Representation of the Center of Gravity Method

The representation of the center of gravity method is expressed in Figure 2.9. All fuzzy output
sets obtained by the rules processed in the maximum method versus the center of gravity
method are included in the calculation. Therefore, many active rules are averaged by their

degree of fulfillment.

2.6. Application fuzzy logic in energy management obtained from solar panels

The fuzzy expert system for efficient energy smart house management for renewable
energy sources is proposed in this research. The membership functions and histogram of the
electricity cost are supplied for the proposed fuzzy expert system to show how the membership
functions relate to actual data. A concise computational description of the full knowledgebase
can be created by combining numerous rules. A set of rules describes the complete knowledge
base. The rules can be changed to achieve the user's desired profit maximization, energy cost
reduction, or other objective. Rules for minimizing CO2 emissions can be created in
conjunction with utilities. The following and final phase is defuzzification. Device inference is
transformed into an output signal by defuzzification. It is a process that needs the aggregated
output, which is essentially a cross-section surface, to transform into a signal in order to be
recognized by the process. The controller output must have a distinct value, a true one that
denotes a choice. The type and size of the customer can alter these values. The mentioned input
ranges are covered by modifications to all membership characteristics. The values of the
number and membership functions are the best representations of the input data histogram.

Before the PV solar panel energy generation systems are practically installed, it should be tried
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to understand how the PV solar panels system will behave by simulating separately. For this
reason, different simulation studies related to PV solar panels have been made, and the behavior
of these systems has been tried to be better understood. MATLAB software was utilized to
determine the ideal configuration for the PV system that would provide energy to the house.
This was done by considering the actual irradiance and temperature data of the location, a one-
day autonomy, and the home's energy consumption pattern. The energy demand of the house
influences this, the PV energy generated, the battery bank's state of charge, and the energy
imported from the grid. To optimize the balance between energy production and consumption,
a fuzzy logic energy management system was developed.

When the temperature of the environment where the PV solar panel is located and the
solar radiation level change, the operating temperature of the PV solar cells in the panel also
changes, creating a new photocurrent and a new output voltage. The operating temperature of
PV solar cells varies depending on the solar radiation level and the ambient temperature.
Variable ambient temperature affects the output voltage and photocurrent of the Tx battery.

It affects the photocurrent and operating temperature of the PV battery and, therefore,
the output voltage. If the solar radiation level changes from a value such as Sc: to a value such
as Scz, the operating temperature changes from Tc1 to Tc2, and the photocurrent changes from
Irvi to Irvo. Thus, solar radiation effects of the change in level on the battery photocurrent and
output voltage are expressed with two separate correction coefficients. These correction

coefficients are given by Csv for output voltage and Cs) for photocurrent.

C sv = 1+P7 x0is (Sx— Sbat) (1)

Figure 2.10. PV equivalent circuit

Solar panels consist of a p-n type semiconductor. N-type is at the top of the panel and p-type is

at the bottom of the panel. Electrons are located in the n junction, and holes are located in the
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p junction. A part of the electrons in the N junction goes to the p junction, and a part of the
holes located in the P junction goes to the n junction, and thus a p-n junction is formed. When
the sun's rays fall on the panel, the photons give their energy to the negatively charged electrons
in the p junction. Energized electrons move and cross the barrier to leave the n-layer, thus
creating an electric current. A photovoltaic panel is modeled using a diode and a current source.
The current source creates the I_- photocurrent. This current is proportional to the parameter-
G, denoted as light intensity.

lg=1 —1lg=1—Io(exp (22) - 1) 2)

Electrical characteristics of solar panels - In order to receive high value current in the solar
panel, the panels work in short-circuit mode. Because in this mode the current gets the
maximum value. Iqq - the short-circuit current is directly proportional to the light intensity, and
the voltage is directly proportional to the logarithm of the light intensity

Ig-short-circuit current and VVad-open circuit voltage are used to determine the percentage of
solar panel's electricity generation. To measure Ig, close the outputs and set the max
illumination. At the values of maximum current and maximum voltage, maximum power is
generated in the solar panel. The maximum current is denoted by Im, the maximum voltage by

Vm, and the maximum power by Pm.
ImV;
NPersuasive precedent = Ime (3)
qVad

The PV solar panels and the battery pack are interconnected by a device that also
includes a regulator and a maximum power monitor. In this way, when the desired power cannot
be obtained from the Sun, the batteries come into play and transfer the needed energy to the
loads. Maximum power can be obtained from the SunSun in the current ambient conditions
with the tracker. The aim is to make the best use of the available power. The regulator used also
has a charge control unit. The regulator is a 12/24/36/48V, 30A device. Four 80W PV solar
panels are used in the system. The total amount of power is 320W at the maximum level. They
are connected 2 in series and 2 in parallel. The batteries are 2 pieces of water-type 12V batteries,
and their voltage values are brought to 24V by connecting them in series. This value is fixed by
passing it through a chopper and bringing it to 48V. This value is then applied to the input of

the inverter. The power produced by the PV panels, the stored power according to the battery's

41



SOC (State of Charge), and the consumed power are the three key inputs that determine how
the management system operates.

The Fuzzy energy management will decide which loads will be powered based on the previous
parameters (Pp, Pc, and SOC) while taking into account the following predefined priorities.

1. The category of non-disconnectable appliances (refrigerators and Wi-Fi) has priority 01.

2. The category of movable appliances (washing machines, dishwashers) is priority 02.

3. The category of non-essential appliances, which may go unused if the batteries run out and

there isn't enough PV generation, is priority 03.

Building Energy
Managment System

Solar modules
r"f; \ Load 1

a \3‘ L

A = Load 2
Distribution
e ————————y System
\ I Load 3
: A
Charger ~| bc-Ac
Load n
A
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@

Figure 2.11. Description of Building energy management Grid-connected PV system with

Battery

battery storage for the solar energy applied on smart home.

The inverter is a device whose input voltage value is 42-60V direct current, and it converts this

value to 220V/50Hz alternating voltage. Here, the current and voltage information on the loads
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and the input voltage and output current of the chopper are measured, and these values are
transferred to the computer. In the system, PV solar panels charge the batteries. When the
SunSun is high, both the batteries are charged, and the loads are fed. In case of no load, the
batteries are charged until they are fully charged. After it is fully charged, the charging unit
automatically deactivates the PV solar panels and ensures the longevity of the batteries. The
energy obtained from the PV solar panels is used economically with the maximum power
tracking device in the system.

2.7. Matlab Model Experimental Results

Using a MATLAB model, the proposed fuzzy logic-based energy management strategy's
efficacy was evaluated. In this study, Mamdani type fuzzy logic controller with two inputs
and one output is used. One of the inputs is the error in the current or voltage in the
supervised system, and the other is the derivative of the error (the amount of change in the
error). The fuzzy logic controller generates a controlled output signal based on the input
values and rules. The controlled output is used as the switching ratio of the transistors. The
input to the fuzzy logic controller is made by multiplying the input variables with certain gain
values. While determining these gain values, the system mathematical model and values
suggested by Ziegler-Nichols are used. Determining the membership functions of the input
and output variables in the fuzzification unit is one of the most important steps in fuzzy logic
controller design. In this study, current and voltage error (e), derivative of error (amount of
change) (ce) for fuzzy logic controllers are determined as input variables. Seven triangular
membership functions were chosen for the input variables. Membership functions determined
for power consumption and energy balance are shown in Figure 2.12. A model of the PV solar
cell is created. The created model is designed to include changes in ambient temperature and
changes in solar light intensity. As a result of the given equation, PV solar cell current and
voltage values are calculated. This expression is shown in Equation (1). PV panel current
should be a function of PV battery temperature and ambient light level, and the Matlab model

in Figure 2.12 is designed to include these effects.

V pat=F (| a,Sx, T X) (1)
When the temperature of the environment where the PV solar panel is located and the
solar radiation level change, the operating temperature of the PV solar cells in the panel also

changes, creating a new photocurrent and a new output voltage.
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Figure 2.12. Developed Energy Control Module using Fuzzy Logic

The operating temperature of PV solar cells varies depending on the solar radiation level and
the ambient temperature. Variable ambient temperature affects the output voltage and
photocurrent of the Tx battery. These effects are seen in Equation (2) and Equation (3) with

temperature, voltage, and current coefficients Ctv and Cri, respectively, in the battery model.

Crv=1+B1(Ta—Tx) (2)

CTI :1+;—T(T3_Ta) (3)

pil

The fuzzy logic approach requires that input and output values be allocated to one of three

levels: low, medium, or high.
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Table 2.1. Fuzzy Logic rules

Electrical requirements
Low Med High
Low battery battery Network
Battery Med battery battery Network
High battery battery battery

The internal structure of Matlab subsystems where membership functions energy consupmtion
and energy balance are calculated on base of input data from Table 2.1 and Table 2.2 is shown
in Figure 2.13 and Figure 2.14. As also reported in Table 2.2, with a maximum value for the
power of the load is 40- 60 W, 20-40 W is associated to the medium level. In the same way,
will be 21-20 affected to low levels. The output signals adhere to the same fuzzy logic
assignment using the same justification, with the values of the instant levels around 0, 0.5, and
1 affecting the low, medium, and high levels, respectively. But it's clear that the immediate

values match the indexed variables.

Table 2.2. Limit values of Fuzzy Logic function

Power of electrical load Level of Battery Voltage
Low 1-20 watt 15-16 V
Medium 20-40watt 16-17V
High 40-60 watt 17-18 V

The experimental findings show that the proposed fuzzy expert system for efficient energy
smart home management systems is superior to existing FEMAN, MANFIS, FLSHEMS,
FLEMS, and FLEMA methods in terms of efficiency, cost-effectiveness, low error rate. When
we look at the results signals in Figure 2.13 series, we can see that the fuzzy expert system for
efficient energy smart home management systems controller's power management technique
enables it to fully coordinate the power flows between solar energy sources, the electric grid,
the storage system, and the load. It should be mentioned that the chosen hybrid power system
and its deliberate strategy, i.e., the best possible use of solar energy sources and within the
support of the grid, the load will be always powered. Inference unit; It is the part of the human

brain where the decision-making process is modeled. In this part, there are fuzzy rules that
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provide the relationship between the fuzzy input variables and the output variables. Therefore,
the knowledge base and the inference unit are in constant interaction. By putting the fuzzy input
values in the rule base, first the active rules are determined, then the rules are combined with
one of the fuzzy reasoning methods. In this study, the commonly used Min-Max method was
used. “The defuzzification unit does the reverse of the blurring operation. In the defuzzification
unit, the fuzzy values produced by the inference unit are converted into numerical values that
can be applied to the system. Different methods such as center of gravity method, maximum
membership method, weight average method and mean-max membership method are used in

the clarification process.
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Figure 2.13. Membership Functions

By applying data power profiles such as solar energy and battery storage to the system
throughout a typical May Day using MATLAB tools, the developed Fuzzy Logic Energy
management controller's dependability was ensured. Each month's load requirements are

different. The warmest months are associated with summer in the eastern hemisphere in Baku.
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As aresult, the load demand for those months would be reduced, and for the three other seasons,
more overcast days with cooler temperatures are anticipated. Because of the potential need for
heating and more lighting during these months, there would be a greater demand for power.
The morning hours (6:00-8:00) and the middle of the day see an increase in energy demand
highest during night between 17:00 and 23:00, when most of the electrical equipment is turned
on. Solar energy is produced by solar panels while the sun is out from 8:00 am to 7:00 pm.
Solar energy production is interrupted by passing clouds between 2:00 and 4:00 pm. The
batteries' level of charge, or SOC, which ranges from 20% to 80% when charged by the grid,

solar panels, and drained by a load, makes up the fourth power profile.
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Figure 2.14. Verbose format of rule in Fuzzy Logic Rule Matlab database
To increase the home's fuel efficiency as much as feasible, an appropriate fuzzy logic rule can
be designed for the power generation of the solar energy system and the current SOC of the

battery. For instance, when the home device's load demand is high, it is preferable to use the
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power produced by the renewable energy system and it should be maximized to cut down on
the power supply of city network; when the home's load demand is low, it is preferable to take
into account the efficiency of city network. City network particular power consumption may
rise under light loads, hence it is advisable to feed as much renewable energy system electricity
into the power grid as feasible. In this situation, it's important to keep the renewable energy
system'’s output power within a tolerable range. The following 10 fuzzy rules are constructed
and described in fuzzy language based on the aforementioned premises.

Residential consumption is a crucial component of grid improvements because it is the most
energy-intensive sector, along with tertiary enterprises. With local photovoltaic energy
production, it is intended to comfortably meet home energy demand. This requires an effective
home energy management system which integrates home energy management control to
regulate appliances to lower the customer's power bill in response to dynamic pricing signals,
reducing energy use, and taking user comfort into account. Utilizing efficient scheduling from
renewable energy sources- here solar panels, the suggested FES-EESHM approach reduces the

energy usage in a smart house.

Table 2.3. Energy consumption rate %.

Number of without with load with Fuzzy

datasets energy management Logic energy

management management
S 15 33 13
10 60 57 32
15 52 56 40
20 49 28 30
25 45 52 32
30 67 60 29
35 57 72 15
40 42 63 7

The system operates the devices in order of priority of use, either P1, P1 + P2, or P1 + P2 + P3,
for a certain irradiance and temperature. It also takes into account the produced energy and the

consumed energy at time t.
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Figure 2.15. Result screenshot for the rules shown in Figure 2.14

Figure 2.16 displays the suggested FES-EESHM method's energy consumption rate with the
defuzzification outcomes of the Fuzzy Logic energy management controllers utilizing the
related membership functions. The electric grid and the loads are connected in series by the
proposed smart controlled hybrid energy system. When the weather is bad and storage is
inadequate, the grid is the only source used. Otherwise, the grid will appear to be continuously
connected to the load as long as fuzzy membership function shapes, PWM coefficient for
electrical switches (instead of classic crisp logic), and fuzzy logic sets (instead of classic crisp
logic) are used. In fact, especially when the computation steps are carried out thigh frequency,
the rated contribution of the grid and all the resources to supply the load and the batteries is

frequently between 5% and 95% (duty-cycle of the PWM) at maximum.
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Figure 2.16. Load profile with surface viewer

After have been defined the fuzzy variables and the membership functions, the next step

concerns the definition of the If-Then logic inference. In order to understand the membership

functions, an example for each priority will be given below: IF AP is Big negative AND SOC

is Big, THEN the probability to start the appliances of the priority P1 only is High. IF AP is Big
negative AND SOC is Small, THEN the probability to start the appliance P1+P2 is Very low.
IF AP is Big Positive AND SOC is Big, THEN the probability to start the appliance P1+P2+P3

is Very High.
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CHAPTER 3
3. INTELLECTUAL BUILDING SYSTEM THEORY-CONCEPTUAL BASIS

3.1. Management systems of ""Intellectual buildings™

Home automation is a process or system integration that allows a person to improve
their lifestyle and make the home more comfortable, safe, and convenient. With home
automation, lighting, heating, air conditioning, security, telecommunications, audio, and video
systems can all be connected to a single control mechanism and all controlled from a single
point inside or outside the home or controlled according to a predetermined program.

Kitchen appliances and food processors, TVs, stereos, DVD players, VCRs,
refrigerators, washing machines and dishwashers, automatic garage doors, dimmable light
bulbs, cordless phones, vacuum cleaners and more. It has become an integral part of human life
with the introduction of technologies designed for everyday life.

Later, these devices underwent many changes to make human life easier with advancing
technology; Remotes for televisions, stereos, and even garage doors, timers for coffee
machines, washing machines, and dishwashers; refrigerators have been developed to offer the
user many options. Now, as the next stage of this process, home automation technologies that
allow controlling the whole house from a single point and automatically provide this control
with programming capabilities are presented to the consumer. What a smart home can do
depends on imagination and personal needs. The greatest convenience in this regard is the
"scenario” option, in which home automation systems execute multiple commands one after the
other. Normal time-wasting operations such as closing all the curtains, dimming the lights,
setting off the alarm downstairs, and turning off the TV after an hour can all be done with a
single command. Starting the coffee machine at a certain time in the morning, adjusting the
water and the temperature of the house, turning on the stereo or TV, turning off the alarm system
and turning off all devices when you leave the house, and calling you at work can be achieved
by setting scenarios when you leave the house. (Harper, 2003)

Today, technology is increasingly used to make home and work life easier and to make
everyday tasks easier. Depending on the developing technology, the execution time of work
has also shortened, and the execution of operations has become easier. Today, there are many
important applications in the field of automation, and systems designed to control devices used
in homes have given rise to intelligent building automation systems. (Bushby et al., 2008)

Home automation systems can generally be explored under the following headings.
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The most important point in the concept of a smart home can be considered as the
formation of the automation system applied in your home in the way you want. For example,
with a remote control or a touch panel, all your wishes will be realized, from the lighting system
of your home to security cameras or from the control of curtains and blinds to the control of the
home theater. In fact, all these functions will be under the control of residents through the phone
or the Internet.

In our world, where it has become almost impossible to keep up with the evolving
technology since the computer entered our lives, homes have also taken their share of this
evolving technology. Smart homes, which were considered a dream until a short time ago, have
become a reality today.

One of the main factors taken into account when developing smart home systems is that
these systems can work in full compatibility with personal computers. The next step in smart
home technology is that these computers will also change home life. This change will happen
by controlling appliances and lights in a home through computers.

The most important reason for the transition to automation in industry is to improve
efficiency and save energy. The same goes for home automation. The biggest factors that
increase the energy costs of a normal family and lead to unnecessary energy consumption are
the unnecessary turning on of lights, the high level of operation of heating and cooling systems,
the heating of unused parts of the house, and the inability to take advantage of daylight. as
necessary; devices left open and similar cases.

Another great security advantage of smart homes is that they can call not only alarm
stations but also predefined phone numbers. Outside of such scenarios, the astrological clock
and travel apps in some smart home systems provide a little more security and convenience to
their users. An astrological time clock is a feature where the sunrise and sunset are programmed
for 365 days, and the system takes these times into account. Features such as blinds control,
heating systems, and scenarios in buildings are controlled according to the sunrise and sunset
at different times in each season. (Abd EI-Shafy, 2009)

Travel programs are based on the principle that the system works as if there is someone
at home when there is no one in the building. The smart home system continuously records in
its memory the actions of the homeowner during the last week. In this recording, there are
processes such as how the owner turns the light on and off, how many hours he listens to music
and watches TV, and when to water his garden. When the travel program is activated when
leaving the building for a long time, the smart home system applies these programs as if the

user were at home.
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With all these features, smart homes bring convenience to people’s lives and save time,
especially for the elderly and the disabled. Not forgetting things with a button when leaving the
house, turning on the lighting and alarm system with a single button in the moment of danger,
automatic phone calls come to the fore as vital factors. Smart homes bring security,
convenience, and prestige to people's lives with ever-increasing capabilities and capabilities.

Smart home systems are gaining popularity day by day and continue to be integrated
into our lives day by day. Smart home systems are technology systems that are planned to
provide various services to the daily life of human life in the future, bring comfort to our lives,

and give us various advantages in our homes in terms of security and remote control.

3.2. Analysis of home appliances control methods

The palm-sized Smart Home Controller was squeezed with the Energy Manager. To
intelligently and automatically distribute solar power throughout the smart house, it interfaces
with the photovoltaic system. Domestic appliances come first. Energy flows to the heat pump
after they have all the power they require, with any excess flowing to the battery for storage
after that. It is essential to ascertain how to increase the use of the lighting system in advance
the main factors that characterize the interior lighting in terms of performing the functions of
turning on and off the lighting, changing the brightness, and changing the color temperature of
the lighting. Such a factor should include the forms of lighting characteristic of the activity
performed and the comfortable color temperature of the lighting, which will help to accumulate

the productivity of the end-user and, at the same time, help to maintain his biological processes.

Table 3.1 Lighting standards for different types of buildings parts

Room types Lighting level, lux
Cabinet, Library 300
Coridor halls 50
Bedroom 200
Kitchen 150
Living rooms 150

Indoor lighting methods can be classified as general lighting methods and local lighting
methods. The general lighting method can improve interior lighting by creating uniform

lighting throughout the space of the room while minimizing the lighting imbalance in its
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different parts. On the other hand, the local lighting method allows you to set the desired
lighting on the work surface, thereby increasing the lighting efficiency compared to the general
lighting method. However, this method can reduce the comfort of being in such a space due to
uneven lighting. In this regard, it considers the number of humans in that area, the status of their
current situation, the lighting in the room, and the control of the brightness of the general
lighting using the technology to determine the time of day, thereby saving lighting energy.
Indoor artificial lighting control methods can be divided into lighting on/off control,
sensor-based lighting control, dimming lighting control, and mixed lighting control, as shown
in Table 3.2. On-off lighting control is inexpensive and easy to install, controlled by a simple
switch, while sensor-based lighting control provides automatic control by detecting passenger
movement as well as interior and exterior lighting. Dark-based lighting control provides step-
by-step lighting control that improves visual comfort for passengers and provides efficient
energy savings. Finally, mixed lighting control is a method to improve lighting efficiency by
combining the previous three methods. The lighting control method proposed in this paper is a
hybrid lighting control method because it is a combination of sensor-based lighting control and

dimming-based lighting control.

Table 3.2. Artificial lighting control methods

Lighting control systems Management format Details

On and off Manual Lowest-cost lighting control,
easy to install and change

Sensor (Presence, Automatically Lighting control based on
Brightness, Motion) people’s movement
Dimming Manual / Automatically Lighting control by

determining optimal lighting
and, thus, energy

consumption

Multi-functional (Dim, Manual / Automatically Using the sensors for

Sensors) dimming the outputs

When choosing the architecture of a smart lighting system without using a light sensor,

it is necessary that the system takes into account the time of sunrise and sunset.
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3.3. Energy saving in residencial and commercial buildings

Electricity bills have a significant share in the costs of commercial buildings. In general,
electricity is used for heating, cooling, ventilation, space conditioning, hot water supply, office
equipment, elevators, escalators, and lighting. According to research conducted by the North
American Energy Agency, 46% of the electricity consumed in commercial buildings is used for
lighting, 19% for ventilation, 13% for appliances, 9% for miscellaneous work, 7% for
refrigeration, 4% for for heating, and 2% for hot water needs. (Bushby et al., 2008)

Apparently, the most important reason for turning to lighting automation is to save
energy in large buildings. In this regard, its simultaneous operation with other HVAC (heating,
ventilation, and cooling) security systems is important in terms of lighting automation features.

Thus, energy saving becomes more efficient at the same time.

Figure 3.1 Fuzzy logic-based energy management system.

A large share of electricity is used for lighting in our country. For example, 35% of the
total electricity consumed is consumed in residential houses and the service sector. 60% of the
electricity consumed in the residential and service sector is intended only for lighting purposes,
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which is equal to 21% of the energy consumed in Azerbaijan. For example, a 20% saving
represents 4% of all energy consumption; that is, it will correspond to about 60% of the total
electricity imported from some neighboring countries in recent years. For this reason, effective
and efficient use of energy in lighting will make great contributions to the country's economy.
A study was carried out to determine the lighting characteristics of commercial buildings. The
comparison of the area of use led to and the annual consumption of lighting energy of 10
different buildings, certain results were obtained.

In order to determine the share of lighting in the consumed electricity, all lamps, ballast
types, power, and quantities used in the buildings were determined. During the survey studies,
the usage periods of the volumes were also determined. From the total power of all lighting
devices, the installed power of lighting of buildings (W) and the annual electric energy
consumed for lighting purposes (kW/year) according to the period of use were calculated and
shown in Table 3.3.

Table 3.3. Electricity consumed for lighting purposes

Power
Building RoOM Area Lighting | consumption Lighting
(m2) power per year level
(KWHhil)
1 Office 9924 121858 275529 21,2
2 Office 12997 145523 341425 23,9
3 Office 10200 122100 997764 16,7
4 Office 3332 8872 24662 7,1
Conference

5 room 52000 182780 391645 27,2
6 Office 18000 260239 654409 21,0
7 Office 17022 181483 710518 10,0
8 Office 35295 255535 3668964 13,0
9 Office 25000 244071 775392 27,1
10 Office 11000 392819 124618 7,3

The information presented above demonstrates that the amount of electricity used for
lighting purposes in buildings varies according to the purpose of use. While the share of lighting
in the total electricity consumption in hotel buildings is about 7%, it rises to an average of 19%
in office buildings. The electricity consumed for lighting purposes in a building can be

expressed in the simplest way by the following equation.

szﬁl Narm,i . Parm,i- Ti (l)
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Here;

W : Electrical energy consumed (Wh)

Narm,i : number of lamps of type i

Parm,i: Mains power (W) of each type | lamp, including ballast and transformer losses

Ti : annual lifetime of lamp of type i (h)

m : the number of types of lamps in the building

As can be seen from equation (9.1), there are three ways to reduce the electricity used
for lighting purposes.

* Following the latest technological innovations, efficient lamps and auxiliary elements
(ballast, transformer, etc.) can be used to reduce the power drawn by the lamps from the mains.

* The total number of lamps can be reduced with lighting designs made using high-
quality, high-efficiency lamps that emit light in any way.

* Control systems can ensure that lighting is used at the required hours and in the
required amount.

Lighting automation systems are very important to maximize this energy saving in
workplaces with dimmers. Light sensors to make the most of daylight, motion detectors to
prevent energy consumption in unoccupied areas, time clocks to adjust lighting control
according to working hours, and astrological time clocks to economically program ambient
lighting; maximum energy savings are achieved by integrating it into the lighting automation
system. In addition, it is possible to save energy by automatically activating different lighting

programs for times when electricity is expensive or cheap.

Energy consumption rate %

15 20 25 30 35

without energy management * — with load management

—®— with fuzzy energy management

Figure 3.2. Energy consumption rate
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The biggest feature of DALI systems is that they can provide active energy management
in energy saving. Since each dimmable ballast has its own address, it allows us to direct the
energy as we wish. Therefore, the result of the following study shows that the amount of energy
savings achieved in one day in an open office floor with only 80 ballasts of 58 W is negligible.

First, the calculations were made by taking measurement results from a system without
lighting automation. Since these types of systems do not have a dimmer system, you can either
turn the lamps on or off, which does not give us the opportunity to save energy while the
workers do not turn off the lamps.

It is then seen that energy savings of up to 50% can be achieved when a DAL lighting
system is installed, including traffic and daylighting systems, provided that the behavior of the
people working in the same location and the environmental conditions remain unchanged.

It is seen how much it can contribute to the country's economy as a result of lighting
automation, which is not very attractive at first in terms of investment cost.

At the same time, thanks to DALI automation systems, Changes to office space over
time (creation of new office space, creation of new walls or partitions, etc.), changes to the
lighting system, major changes to the electrical installation for new controls or ballast additions,
and sometimes a complete redesign is required is not done. These problems are eliminated with
simple and minor installation changes. The upgrade cost is limited only by the investment cost
of the equipment to be used. Incorporating the group, scenario, and new equipment in the new
system can be done easily with a computer program. Thus, changes in the system are kept as
flexib le, practical, and cost-effective as possible. For example, if the need arises in the future,
it is quite easy to add a remote control module to the system.

Considering all these points, it is possible that the system can cover the investment costs
in a shorter period of time. The achievement of energy efficiency and long-term sustainability
in buildings depends on building control systems. standard Building Energy Management
System have made substantial use of a few standard load monitoring control methods, including
thermostats, proportional-integral (P1), and proportional-integral- derived (PID). Additionally,
these control systems have been applied to a range of applications and disruptive environmental
conditions, and they have consistently performed badly and have not offered an effective

control strategy.
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3.4. Equipment for intelligent control system

The equipment used in intelligent building management systems works on the basis of
many protocols. Examples of these protocols include KNX, Lutron, Cresnet, AMX and others.
The cresnet protocol of the Crestron company was used in the practical work of this thesis. The
building's central control processor is the 3rd generation CP3 device; in addition, DIN-8SWS8,
DIN-1DIM4, DIN-DALIZ2 actuators for lighting control, DIN-2MC2 actuators for controlling
the curtain motor system, climate it is possible to integrate the control system over several
protocols. Specifically, a centralized VRV climate control system is used here. The core of this
VRV system is integrated into the CPU through a Coolmaster device. To implement the lighting
control system, it is necessary to take into account the composition of the equipment, which
includes a video control device, an infrared motion sensor, a data storage and collection device,
a data processing device, a light sensor, and a wireless data transmission device. An 8-
channel switching and non-dimmable lighting control module is called the DIN-8SW8-I. Eight
isolated digital inputs are also included in the DIN-8SW8-I, enabling standard momentary
switches to initiate events with or without a control system. Applications using 120 and 220-
240 Volts are supported by the same model. Incandescent loads up to 10 Amperes, fluorescent
loads up to 5 Amperes, and 1/2 HP motor loads are all supported by each channel. This table
switch is fitted, with 4 inputs connected to push buttons and 8 channels connected to lamps. A
third series DIN AP3 processor is also present for programming, and its first input is linked to
the 0-1 button. The C2NI-CB keypad and TSW-760 touch panel are additional third-party
devices that can be used to control the system. A lighting control module for the DIN rail that
has four dimming channels is called the DIN-1DIM4. Incandescent non -dimming lighting
fixtures, neon/cold cathode type lights, 2-wire dimmable fluorescent type lights, and non-
dimmable lighting loads up to 5 Amperes per channel, a maximum of 10 Amperes, are
supported by a single model at both 120 and 220-277 Volts. A tabletop dimmer is fitted, and
two of its channels are wired to lamps. A third series DIN AP3 processor is also present for
programming, and its first input is linked to the 0-1 button. The C2NI-CB keypad and TSW-
760 touch panel are additional third-party devices that can be used to control the system. A
DALI® interface for Crestron® systems, the DIN-DALI-2 allows for the control of up to two
separate DALI loops. The DIN-DALI-2 is a fantastic low-profile Cresnet® or Ethernet
companion for the DIN-AP3 processor or any 3-Series® control system and is housed in a DIN-
rail box. It has a built-in DALI power supply in addition to regulating the DALI data bus.

Single-wire connectivity makes new and retrofit installations simpler, and Power-over-Ethernet
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(PoE) flexibility helps when working with CAT5 infrastructure that already exists. This table
has a DALI interface installed, with two loops that are connected to ballasts, and lamps that are
connected to these ballasts, one of which was made by Crestron and the other by Tridonic. A
third series DIN AP3 processor is also present for programming, and its first input is linked to
the 0-1 button. The C2NI-CB keypad and TSW-760 touch panel are additional third-party
devices that can be used to control the system.

The automatic control of a light bulb's output can greatly cut energy consumption. Two
techniques are frequently employed to control lighting. The first method employs an individual
lighting control system, in which each light bulb's output is independently adjusted in
accordance with the level of light output of its neighboring bulbs. The second method employs
a networked lighting control system, which is more effective than the first because all bulbs
intelligently communicate with one another to achieve the required level for the room light
intensity. DLCS (distributed lighting control system) for the first approach in Figure 3.2 and
CLCS (centralized lighting control system) for the second method in Figure 3.3 are two
different types of networked lighting management systems. The controller in DLC systems
receives the sensor data from each light bulb, and the neighbors can communicate to alter their
output levels in response to one another's states. But in the central unit CLCS, which gets the
state of every node based on data from the sensors, actuators are used to carry out control
activities. In this system, the central unit uses data from sensors to determine each light bulb's
output level. The central unit in CLCS does a variety of duties, including gathering sensor input
from each node and calculating the ideal condition at which each light bulb will provide the

space with the necessary amount of light.
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Figure 3.3 Connection diagram of lighting fixtures as distributed lighting control

system.
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DALI lighting control system wiring must be less than 300 meter and maximum quantity

of ballasts is 64 pcs within one circuit.
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Figure 3.4 Connection diagram of centralized lighting fixtures and shade control

motors.

Using a PIR (passive infrared) sensor, one may detect occupancy in a room or office.
When a PIR sensor senses occupancy, it sends instructions to the controller to turn on or off the
lights. The controller receives the necessary da-ta from one or more light intensity sensors. The
control device delivers instructions to the light dimmer(s) to dim the LED light bulbs to the
predetermined Lux level needed for the room taking daylight into account. A second regular
fluorescent light bulb is utilized to replicate outside daylight. This method starts by looking for
occupancy. If there is no occupancy, the Crestron Home Automation controller instructs the
AC light dimmer to turn off the lights by adjusting the intensity of the light bulbs. PIR sensor
detects occupancy within the room and activates the Crestron Home Automation controller if
someone is present. As a result, depending on the input from the light intensity sensor(s), the
controller sends a signal to the dimmer(s) to turn on the light and adjust the room's lux to reach
the preset number. This control is based on the principle of feedback control. One of the most
basic and affordable types of occupancy sensors is the PIR sensor, which is extensively used
throughout the world. It has the ability to measure the room'’s various air temperatures. Sensors
deliver signals to turn on or off lights when someone enters the room. PIR sensors measure the
infrared light that an object emits as it moves into the field of view of the sensor. In addition to
radiating thermal energy, persons have a temperature that is higher than absolute zero. The
wavelength of radiation is roughly 9 to 10 micrometers throughout the day. PIR sensors are

able to pick up wavelengths of radiation that only appear when a person enters their field of
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vision. Since it is emitted at infrared wavelengths, the radiation given out by any things with
temperatures greater than absolute zero cannot be seen by the human eye. However, electronic
devices, such as PIR sensors, can detect it. This type of sensor relies solely on the energy that
objects release to function. The sensor turns on the controller when the quantity of heat alters
in intensity or position. This Intelligent Lighting System's IR sensor has a pyroelectric sensor
module that is intended to detect human body heat. This sensor's lens angle is roughly 140
degrees, and its sensing range is between 3 and 4 meters. PIR sensors have several benefits over
other occupancy sensor types, including simplicity of installation, tiny size and lack of
complexity. Additionally, it can function in temperatures between 15 and 70 degrees, uses very
little power, and is highly sensitive. The fact that it can penetrate walls where motion may be
foreseen and that it is less expensive than other sensors make it significantly superior to other
sensors. The PIR sensor is sensitive to temperature, but it cannot detect a constant or little
motion. The fact that this sensor's field of view is less than that of other kinds of occupancy
sensors is another drawback. Additionally, this sensor cannot be placed close to areas where
temperature varies often. But this senior is suitable for usage in an indoor industrial building.
There is no need to use an interface transducer to convert the observed value to lux when using
this sensor because it can measure lux directly. The Cresnet protocol is used by this sensor to
interact with the controller. It is simple to utilize with a controller to this protocol. With several
advantages over fluorescent lights and incandescent bulbs, LED bulbs are the greatest option
for use in energy-efficient lighting systems. These days, LED bulb technology has advanced
and offers light bulbs that may be utilized in a variety of situations. Additionally, this kind of
light bulb has non-dimmable and dimmable alternatives, opening up the possibility for usage
with intelligent lighting systems. Since no mercury is used, LED lights are incredibly durable.
Despite having a higher upfront cost than other types of bulbs, over the course of their lifespan,
LED bulbs are less expensive to operate than fluorescent or incandescent lights.. Using led
bulbs in Intelligent Lighting Systems rather than other types of bulbs can be advantageous for
all the aforementioned reasons. The light intensity can be changed by using an AC light dimmer
to dim the lamp's lightbulb. However, when variable resistance is utilized to alter the brightness
of a lamp, resistance turns some of the energy into waste heat. Regularly shutting off the AC
power while only giving the light a fraction of the complete wave is an efficient dimming
technique. If the periodic light switches and the phase of the AC power are locked, it will
produce flicker, but it won't be visible to the human eye. This may seem unusual at first. Two
circuits, a zero-crossing detector and a pulse-controlled switch, are needed to achieve the

dimming. This is used to keep switching while keeping the power supply in phase. To cope
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with 220 V AC, safety measures should be put in place. Because of this, the circuit needs to be
mechanically and electrically separated from the outside using a metal box and appropriate
optoisolators. A full wave rectifier with high power resistors is utilized as the zero-crossing
detector to lower voltage (Figure 3.3). A Diac or Triac is also present in the pulse-controlled
switch.

Over half of an intelligent home's annual energy expenditure is made up of heating and
cooling costs. The statistics show that about 75% of sunlight is converted into heat. It can
make up to 40% of the annual energy budget that would otherwise be lost to poorly controlled
home heating. As a result, a window transforms into a noticeable vulnerable intersection in a
structure that, if neglected, can result in significant energy loss. Using motorized controllable
blinds will help to stop energy waste during any season. Intelligent and traditional home heats
up during the hot summer, necessitating an additional cooling system to maintain a suitable
temperature. High-quality window coverings may efficiently block out heat and light. In the
winter, a heater's warmth may dissipate if no blind mechanism is there to stop it. How
effectively window blinds can regulate heat is determined by two elements. To start, it's
important to understand how a blind can modify sun irradiation to change the temperature in a
certain location. The second factor is related to how the homeowners use the space, and how
consistently they do so affect the overall cooling or heating requirements of the property. So
how do we evaluate an energy-efficient blind's performance? To do this, we require a variable
known as the "R-value,” which is connected to window materials and measures heat
resistance. More thermal resistance equates to higher performance. A single-pane window
typically has an R-value of 0.9, which is significantly less efficient than a plywood window's
R-value of 1.25. The better the material is, the higher the R-value, the more energy-efficient it
is. An R-value of 2.2 solid hardwood structure is the best option for windows. To achieve the

greatest energy savings, the approach should be to choose materials with a higher R-value.
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Figure 3.5. Main Control System and interface connectivity to the KNX bus

A Crestron RMC3 microprocessor is used by the fuzzy logic climate controller to do
calculations. The microprocessor includes 256MB of DDR3 SDRAM and Flash 4 GB. With
an 8 megahertz clock, it can cycle through instructions in 500 ns. The CPU features an eight
channel inbuilt analog to digital converter. The control system's inputs, including ambient
(outside) temperature, engine coolant temperature, interior temperature, and sun load, are all
measured using four of the system's eight channels. The set point temperature is another input
to the system that may be changed by the occupants of the car using buttons on the control unit's
front face.

The system outputs include blower speed, blend door position, discharge air mode (fresh
air or recirculate), and intake air mode. The first two outputs are discrete, but the last two have
continuous values. The first two outputs are discrete, but the last two have continuous values.
Scaled input values are used in the fuzzy logic control computation to provide a single relative

output value. There are four rule sets since there are four system outputs. Fuzzy logic output

64



values for continuous outputs are scaled and used directly; for discrete outputs, output values
are compared against thresholds to produce certain system modes or states.

High

Medium

Low

Figure 3.6. HVAC control system user interface

The control unit is mostly programmed in SIMPL++ and has cross-assembled
instructions for microprocessors. Each collection of fuzzy rules is integrated into the fuzzy
engine as a set of tables that have been transformed into a run-time calculation-efficient format.
In the main loop, which runs once every 30 milliseconds, the fuzzy logic control function is
invoked. During ita execution, the fuzzy logic engine requires 12 bytes of RAM and about 600
bytes of ROM. The supplementary table uses 900 bytes of RAM. A fuzzy calculation normally
takes 2 milliseconds to complete. The Fuzyy Logic Climate Control System processor's input
variables for temperature and humidity are represented by the symbols T for outside
temperature and H for outside humidity knowing that:

A T = Tdesired — T indoor € (NB,NM,Z,PM,PB) 1)

A H = Haesired — Hindoor € (NB,NM,Z,PM,PB) )
where outside temperature €(PM, Z, PG),
NB — negative big
NM — negative medium
Z—Zero
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PM — Positive medium

PB — Positive big

The exterior environmental factors (outside temperature and outside humidity) were considered
during the control. The heating rate (Heating), ventilation rate (Ventilation), and humidifying
rate (Humidifying) are the output variables.

plot points: 181
Membership function plots

NB NM ZERO PM PB

input variable “Temperature-emor™
Figure 3.7 Membership functions of temperature

Fuzzy logic controller decoupling - The input variables for temperature and outside
temperature are shown in Figures 3.7, respectively, while the input variables for humidity and
outside humidity are shown in Figure 3.8. The output variables for heating, ventilation, and

humidifying rates are shown in Figure 3.9.
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Figure 3.8 Membership functions of humidity

The primary goal of control is to smoothly adjust the greenhouse's interior air
temperature and humidity to the desired levels (T desired, Haesired). In order to conserve energy,
we managed the actuators by lowering their rates. The ideal temperature is 15°C at night and
28°C during the day. 70% relative humidity is ideal.
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There are pros and cons of solar cells for applications in smart home system.

* Panels are easy to maintain, and maintenance costs are very low.

* No fuel purchase and transportation costs as it uses solar energy as fuel. In addition, it
is not affected by price changes because it is independent of the fuel market.

* They leave no harmful waste to the environment and work silently.

* Most system components are portable.

* Can be applied in a wide power range from 1 Watt to several Kilowatts

« It causes less breakdowns than a generator as it has no moving parts.

In a medium-sized system, if a module or battery fails, the entire system is unaffected

and continues to operate.

* Although the initial investment cost is high compared to generators, it costs less in the
long run due to fuel and maintenance costs.

* Produced electricity is stored in batteries, so it can be used at any time and in any
amount. When generators are compared, it takes the generator to run to even light 1 bulb.

» The number of losses that may occur during the conveyance of energy is extremely
modest because there is not a great distance between where it is created and where it is used.

Despite having many advantages, solar systems have the following disadvantages
compared to other electricity generating systems:

Initial investment cost is high. It is not economical for high power engines and heating
systems. The rate of conversion of solar energy into electricity is low.

The production potential of the system is affected by seasonal and daily weather
changes. A battery is required when there is no mains connection. Because they produce direct
current, electricity needs to be converted to alternating current to make it usable.

More expensive than mains electricity.
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CONCLUSION

In this thesis we first present a tutorial solar energy obtaining, Intelligent Energy
Management System (IEMS) on fuzzy logic and fuzzy sets as they relate to control system
design. The concept of a fuzzy set and operations on a fuzzy set are presented in comparison to
conventional sets to help understand the concept more easily. People are turning to renewable
energy sources today as a result of the world's fast growing energy needs, rising energy prices,
and environmental pollution. Numerous organizations support the research on this topic
because these resources are ongoing and do not harm the environment. They are therefore being
explored more closely and being tested out.In order to test the suggested IEMS, a RES made
up of photovoltaic (PV) solar panels is created. A management system is needed to fulfill the
load power requirement because solar sources cannot be relied upon for sustainability or high-
quality power. The section can be summarized by pointing out that most locations have
excessive lighting since background light is not taken into account during the design process.
Additionally, lights are turned on in places that are empty, wasting electricity. In order to
effectively regulate the amount of illumination, Intellect Lighting System is absolutely
necessary to solve this issue. It controls indoor lighting intensity while taking into account
occupancy status and background light entering the space. Therefore, it is important to
emphasize that Intelligent Lighting Systems that use well chosen LED bulbs reduce power
consumption as well as maintenance costs, pollution from power plants, and the potential for
gas sales. The development of intelligent blinds and curtains is one of the most prominent
instances of a breakthrough development in home automation. These cutting-edge home
accessories provide many benefits, including energy efficiency, improved privacy, and
unparalleled ease. The correct motor, electronic controller, and control system can significantly
impact how effectively your automated home system integrates with your smart curtains.. For
anyone wishing to upgrade their lifestyle and experience the future of home automation, smart
curtains and blinds are undoubtedly a wise purchase. Comfort levels for users of climate control
systems may be increased thanks to the use of fuzzy logic controls. The design of the method
can address several problems that have not always been handled graciously thanks to the
flexibility to construct progressive, nonlinear responses. By making effective use of the extra
flexibility that fuzzy logic offers, issues like blower speed initiation during warmup in cold
weather and ambient temperature correction can be lessened.

The amount of time available to design new automatic temperature control strategies is

decreasing due to new vehicle projects and the demands of simultaneous engineering. The
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control engineer must create the control strategy concurrently with the design of the HVAC
system. The evolution of fuzzy logic is organized and adaptable. Current linear controllers

cannot compete with fuzzy logic climate control systems in several performance facets.

The comfort of the occupants might be preserved more consistently across a wider range
of circumstances. To increase the effectiveness of the installed components the suggested
intelligent IEMS is also utilized to track and determine the maximum solar power from PV that
is generated and available. The fuzzy reasoning-based IEMS creates the necessary operating
sequences to control the overall system power with the least amount of utility input using the
generated and required power information from the wind/PV and load sides. The energy control
is made to manage renewable energy systems as a component of an electric utility. Therefore,
in the suggested smart home energy management application, the integrated energy
management system may also be regarded as a smart grid operator. Distributed power systems
can use the proposed integrated energy management system to make quick judgments about

power management during crucial peak power periods.
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