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Abstract

In this project, the electrical energy audit performed for the development of the electrical
energy efficiency in “C” building at Palestine Polytechnic University (PPU). The energy audit
showed that the “C” building consumed a yearly electrical energy of 308.9 (MWh). The
energy audit was carried out on the lighting system and Heating ventilation and air
conditioning (HVAC) system and office and building equipment system in “C” building, the
audit showing that the systems of lighting consuming 39% and the HVAC consuming 33%
and the office and building equipment consuming an 26% and other application consuming

2% from total electrical energy.

The equipment were found to be operating at low energy efficiency, failure to switch off
electrical equipment even when not required being in operation, absence of switch signage's,
inadequate effective control systems, these reasons was identified to be the major causes of

energy losses and wastes in the “C” building.

To improve the electrical energy performance in the building, an enhanced level of awareness
to reduce energy waste, the use of efficient equipment and apply an smart system is found to
be the most effective energy efficiency measures strategy, an a smart system will be designed
to reduce the wasted energy in the building, thereby achieving energy saving, and costs

saving.
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1.1 Problem Overview

We live in a world with high consumption of energy and high costs of electricity production,
with daily increasing electricity consumption and the rare of the sources that we get
electricity from it, so this makes a big problem in everywhere especially in Palestine because
we can’t produce its energy needs.

To solve the energy problem there are many methods and techniques, but the best method is
to make audit energy for building using smart system.

We want to design a smart system that auditing energy and reducing the amount of wasted
energy in C building at Palestine Polytechnic University after that we are going to apply this
system on the building.

1.2 Objectives

To build a flexible and reliable automation system that can be optimized for building layouts
and multiple environments needs to achieve these objectives:

e The very basic goal is to find a better solution for power management.

o To offer support in the development of the system and processes which improve
energy efficiency.

e Saving energy by reduction the wasted energy.

e Reduction cost of consumption electricity.

o Study the effect of energy audit on the grid.

e Design a testing mechanism to insure software and hardware components viability.

1.3 Motivation

There is a serious problem in waste energy in Palestine and this project is going to make a
perfect solution to save this energy, some other reasons that motivated us to choose this
project:

e The high cost of production electricity.

e High consumption of energy.

e Reducing the wasted power.

e Reducing the dangerous effect on environment.




1.4 Need Technology

The project will use the following list of technologies, characterized into two categories,
Hardware and Software.

e Hardware Technologies

v' ZigBee Transceivers: for wireless communication.
v" PIC Microcontrollers: to control used devices.

v Many types of sensors.

v Power Analyzer VEGA 78.

o Software Technologies

C# Programming Language: for graphical user interface.
Matlab: to process the signal comes from the sensor.

C Programming Language: for PIC Microcontroller.
Proteuse 8 Professional: for simulate system design.
Vega 78 Software.

X-CTU.

NSNS

1.5 procedure

In this project we are going to design a stand-alone system that control some application
automatically, to achieve this goal we must perform the following steps:

1) Data collection and data analysis.

v" Data collection.
In preliminary data collection phase, exhaustive data collection was made
using different methods such as observation, interviewing, key persons, and
measurements using measurement device.

Following steps were taken for data collection in our project:

o Visited each department, we visit each floor in building C (offices,
center, library, labs, classroom) and other entities of the institution.

e We collect information about the general electrical appliances by
observation and interviewing.

e Obtained Site drawing of available building lay-out and Electricity
distribution.

e The power consumption of appliances was measured using power
analyzer device and rated power that mentioned in some cases in the
device (CFL and FL and LCD screen for example).

3




o Collect data from power analyzer device (Voltage and current and
power factor) for each phase.

v Data analysis.
We did an analysis for the data that we collect in the previous step.

Following steps were taken for data collection in our project:

e Energy consumption per year in kWh is calculated based on the
measuring value that we get by using the power analyser device.

e Determine the all loads in C building and the power consumption for
each one.

e Determine the most application that wasted energy in the building.

e Calculate the amount of energy that have been withdrawn by the
device in case:

< On mode.
Off mode.
% Sleep mode.

o,
S

()

e Study the voltage and current and the power factor for each phase,
and determine if the system is balanced or unbalanced.

e If this grid unbalance then we have solve this problem we are going
to make grid balance.

2) Energy audit for C building and system design.

e Determine the all Hardwar and Software that we need to design the system in our
project.

e Build and design the system.

e In this project we apply our system on this application:

% Ligating Systems.
< Heating Ventilation and Air Conditioning (HVAC).
% Office and Building Equipment System.

3) Study the grid after applied our system.

e Build simulates surround the C building.
o Compare between grid before apply the system and grid after apply the system.
o Calculate the amount of energy and cost saved.




o Collect data from power analyzer device (Voltage and current and
power factor) for each phase.

v’ Data analysis.
We did an analysis for the data that we collect in the previous step.

Following steps were taken for data collection in our project:

e Energy consumption per year in kWh is calculated based on the
measuring value that we get by using the power analyser device.

e Determine the all loads in C building and the power consumption for
each one.

e Determine the most application that wasted energy in the building.

e Calculate the amount of energy that have been withdrawn by the
device in case:
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% On mode.
< Off mode.
% Sleep mode.

e Study the voltage and current and the power factor for each phase,
and determine if the system is balanced or unbalanced.

o If this grid unbalance then we have solve this problem we are going
to make grid balance.

2) Energy audit for C building and system design.

o Determine the all Hardwar and Software that we need to design the system in our
project.

e Build and design the system.

e In this project we apply our system on this application:

% Ligating Systems.
% Heating Ventilation and Air Conditioning (HVAC).
¢ Office and Building Equipment System.

3) Study the grid after applied our system.

e Build simulates surround the C building.
e Compare between grid before apply the system and grid after apply the system.
o Calculate the amount of energy and cost saved.




1.6 Organization of the Document

The introduction of graduation project contains four chapters can be summarized as follow:

1)

2)

3)

4)

5)
6)
7)

8)

Chapter One - Introduction: this chapter gives introduction and general idea about
the project.

Chapter Two - Background: a theoretical background study on the components and
technologies needs for this project.

Chapter Three - Measurements data and analysis:

Chapter Four - System design: the system design is laid out, put in two categories
hardware and software, then it is dissected into group of subsystem, each with it is
functionality described and detailed, finally giving a complete overview of how the
system works starting from.

Chapter five — System Implementation.

Chapter Six - Energy Consumption After Apply the Smart System.

Chapter Seven - Testing and Performance.

Chapter eight — Conclusion and Future Works.




N
: .
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1.7 Time Plan

The Table 1.1 shows the activities that done in the project, and the time of each one.

Table 1.1: Project Time Table

weeks IR RO RS R BS 165+ (7 |8 |9 [10 |11 |12 |13:|14 |15 |16

Activates

Obtaining
required
components

System Design

Recording
Results

Results
analysis and
conclusion

Documentation
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2.1 Introduction

In this chapter we are going to study a theoretical background study on the components and
technologies needs for this project.

2.2 Energy Audit

An energy audit is an inspection, survey and analysis of energy flows for energy
conservation in a building, process or system to reduce the amount of energy input into the
system without negatively affecting the outputs. In commercial and industrial real estate, an
energy audit is the first step in identifying opportunities to reduce energy expense and carbon
footprints.

Energy audit is an effective energy management tool. By identifying and implementing the
means to achieve energy efficiency and conservation, not only can energy saving be
achieved, but also equipment services life can be extended. All these mean saving in money.

Based on the principle of “The less energy is consumed, the less fossil fuels will be burnt”
the power supply companies will generate relatively less pollutants and by products.
Therefore, all parties concerned contribute to conserve the environment and to enhance
sustainable development.

2.2.1 Conducting Energy Audit

The following explanation of procedures that must be followed to the process of energy
audits:

1. Defining Scope of Energy Audit

The scopes of works and the available resources for conducting the energy audit
should be determined. The available resources mean staff, time and budget.
Recognising the extent of support from the building management, the audit team
should then determine the scope of the energy audit such as the areas to be audited,
the level of sophistication of the audit, the savings anticipated, any Energy
Management Opportunity (EMO) to be implemented, the audit result to be used as
reference for improvement on Operation and Maintenance (O&M), the need for any
follow up training or promotion of results achievable, etc. The plan for conducting

the energy audit should then proceed [1].




2. Forming an Energy Audit Team

An audit team should be formed by:

e Determining the members of the audit team and their duties.
e Involving the O&M personnel to provide input.

° Facilitating meeting for sharing of information and familiarising among
different parties.

3. Estimating Time Frame and Budget

Based on the available resources, the time frame and the budget can be fixed. The

budget is mainly built-up on cost of auditor hours from collection of information to
completion of audit report.

4. Collecting Building Information

The audit team should then proceed to collect information on the building. The
information should include:

e General building characteristics such as floor areas, numbers of end-users,
construction details, building orientation, etc....

e Technical characteristic of energy consuming equipment, design conditions
and parameters.

o Building services design report with system schematic diagrams and layout
drawings showing system characteristics.

e Equipment operation records, including data logs of metered parameters on
temperature, pressure, current, operational hours, etc....

e Record of EMOs already implemented or to be implemented.

e Record the maximum demand readings.

e O&M manuals and Testing and Commissioning (T&C) reports.

The audit team should consider issuing questionnaires to end-users to collect
information on thermal comfort, lighting comfort, operational hours of individual
floors/offices, electrical equipment and application, etc.

After having collected all or the majority of the above information, the audit team
will have better understanding of the building context and it is energy consuming
equipment. With this information the audit team can better plan subsequent audit
activities and detect any missing important datum and arrange to obtain those [2].




5. Conducting Site Survey and Measurement

More activities should include the following actions:

e Proceed to plan the site survey for the areas and the equipment to be
investigated.

o Allocate the work among the audit team members.

o Assess if separate groups are needed for the areas and the equipment. For
example, the first sub-group for low floors, the second sub-group for mid
floors, the third sub-group for high floors, so on and so forth. The grouping
should also be based on the quantity of measuring instruments available.

o Plan ahead on the site measurement to supplement or verify the information
collected. The measurement should focus on equipment that inadequate

information is available to determine their efficiency and equipment that
appear to be less efficient.

3.1 Strategic Measuring Points.

During the measurement, the sensors should be located at points that can best reflect
the need or function of the controlled parameters. For example, for the office
environment, a lux meter should be placed at about 0.8m above floor level (or atlevel
of the working plane) and a thermometer at aboutl.lm (seating thermal comfort)
above floor level and pressure and flow sensors in ductwork at points according to
general engineering practice [3].

For measurement requiring interfacing with the stream of flow, the system may
already have test holes/plugs or gauge cocks. However, many systems may not have
such provisions and the audit team may need to install the test holes/plugs or to use
the ultrasonic type meter. In fact, it is impractical in most cases to install additional
flow meter or gauge cocks in water pipework. Under such circumstances, the audit
team may have to make use of the existing ones available, e.g. gauge cocks before
and after pump, coil, etc. to measure the pressure of the flow and to calculate the
flow rate by referring to pressure/flow curves of pump, valve, pipe section, etc. If the
original O&M manuals showing the pressure/flow curves are not available, make
reference to those of similar size/rating.

S.2 Instrumentation

Whilst much data and characteristics on equipment can be obtained from the O&M
personnel, the information may not be adequate to provide a full picture of their
operation. To obtain accurate operating conditions and op.eratl'ng performance of
equipment, the auditor should have the necessary measuring instruments to take
readings of corresponding parameters such as, temperature, pressure, flow, lighting

lux level, running current etc.
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6. Analysing Data Collected

At this stage of the audit, the audit team has collected a lot of information on:

e Equipment characteristics obtained site surveys.
e Equipment performance data obtained from O&M log sheets.
e Equipment performance data obtained from site measurements.

o Equ}pment operating conditions of equipment based on design and general
engineering practices.

6.1 Identification of EMQs

To identify the improvement works for the potential EMOs, calculations should be
performed to substantiate the improvement works by quantifying energy savings.
Some of the typical findings in an audit [4].

6.2 Costing

In evaluating the effectiveness of an EMO, the auditor has to calculate the payback
period, net present worth or rate of return. Most calculations can be done using
simple payback approach by dividing the EMO’s capital cost by the cost of
anticipated annual energy saving to obtain the payback period in years.

However, if there are appreciable deviations between the trends of energy cost and
the interest rate or if the capital costs of EMOs are to be injected at different stages
with different energy savings achievable at different times, the audit team may have
to perform a life cycle cost assessment that can better reflect the cost effectiveness
of EMOs. Some common calculations are shown in Appendix (A) [6].

6.3 Normalisation of Data

In the energy consumption bills, the measurement dates may not fall on the same day
of each month. For more accurate comparison, particularly when different fuel types
metered on different dates are involved, these data should be preferably normalised

as figures on the common dates [6].

6.4 Maintaining Thermal and Lighting Comfort

Energy audits aim to improve efficiency but not to save energy by purely sacrificing
the standard of service. An EMO should normally not downgrade the quality of
service to that below common design standards. Examples of substandard level of

comfort include room cooling temperature and air movement rate respectively higher
and lower than the recommendations in ASHRAE Standard 33-20044 [7], lighting
level below the recommendations in CIBSE Code for Interior Lighting5, excessive

noise from equipment/systems causing nuisance, etc.
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In .the past, energy can be saved by limiting the fresh air supply to an A/C space.
)‘Nlth ey ed concerns on good indoor air quality, consideration to provide

ade.quate fresh air supply” in accordance with the requirements of the
Environmental Protection Department (EPD) or ASHRAE Standard 62-20016 [8]
should be a foremost thought when degrading to reduce fresh air supply.

6.5 Already Scheduled Maintenance and Refurbishment work
When dett?rmining EMO, it is necessary to take into account the already scheduled
major maintenance and refurbishment works. Therefore, when planning EMO

implel.nentation programme, the already scheduled major maintenance and
refurbishment works may consider including some of the EMOs.
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Figure 2.1: Conducting Energy Audit Flowchart
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2.2.2 Annual / Monthly Energy Consumption Profile

Based on the energy consumption bills over past years, the auditor should estimate the annual
energy use the building. Graphs of energy consumption against different months of the year
can be plotted, from which a pattern or general trend over a number of years can be seen
these graphs can show normal seasonal flections in energy consumption. More importantly
any deviation from the trend are indication that some equipment had not been operating

efficiently as usual which warrant more detailed studies to identify if further EMO has
existed [9].

2.2.3 Energy Utilisation Index/Building Energy Performance

The Energy Utilisation Index (EUI) obtained by dividing the annual energy consumption be
the Gross Floor Area (GFA) takes into account the difference in energy consumption due to
difference in building floor areas and is used for comparison of energy consumption among
building of similar nature. An ordinary office building usually has an annual EUI of (200 to
300) KWH/m?, [10] the EUI should be also regarded as the Building Energy Performance
(BEP).

2.2.4 Sophistication of Audit

The sophistication of an audit refers to the scope and the extent to which investigations
should be conducted and which findings should be analysed. Based on available resources,
the size and type of building, and energy audit objective, the auditor should adopt the energy
audit of different levels of sophistication [11].

Under such terms, there are two types of audit:

o Walk-through Audit.
e Detailed Audit.

In summary, the Walk-through Audit involves a simple study of some major equipment’s
and the Detailed Audit involves a thorough study of practically all equipment’s.

1. Walk-through Audit

Audit may deploy minimum resource to simply check for EMOs that are readily
identifiable and to implement them to achieve savings immediately. Under such
circumstances, the audit team should carry out a Walk-through Audit. It is the
simplest type of energy audit and is the most basic requirement of the energy audit.

The audit should be conducted by walking through the building and concentrating on
the major energy consuming equipment such as chillers, large air handling units or
common items usually with EMOs easily identifiable such as over-cooled spaces and
T8 fluorescent tubes being used. Reference to record of equipment ratings, technical
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catdogue, O&M manuals that are readily available will be very helpful to quickly
determine where equipment/systems are operating efficiently. Calculations, usually

simple in nature, should be done to quantify the saving achievable from
implementation of the identified EMOs.

The auc'lit should bf: carried out in one day by either one auditor or one audit team,
depending on the size and the complexity of the building and the scope of the audit.
If the audit team wants to check more areas, more auditor-hours are required.

Usually, simple instruments such as thermometer tube, multi-meters and lux meter
will serve the purpose.

A Walk-through Audit should, other than fulfilling the original objectives, give an
overview of other areas with potential EMOs.

2. Detailed Audit

Alternatively, if the building management is highly committed to energy |
conservation and have allowed for adequate staffing and funding, a Detailed Audit '
should be adopted. The audit team should check practically the majority or all |
equipment/systems, identify as many EMOs as possible, classify them into different

EMO categories, further study if more complex items are involved, formulate a plan

for implementation and finally present it to the building management. This audit goes

much beyond the Walk-through Audit. The auditor has to exercise more detailed

planning. The auditor-hours could be about 5 to 10 times more, depending on the

complexity of the equipment involved and size of the building [12].

2.3 Unbalance in Electrical Power System

A three phase power system is called balanced or symmetrical if the three phase voltages
and currents have the same amplitude and are phase shifted by 120° with respect to each
other. If either or both of these conditions are not met, the system is called unbalanced or

asymmetrical.

The unequal distribution of loads between the three phases of the supply system detc'enn.ines
the flow of unbalanced currents that produce unbalanced voltage drops on the electric lines,
as a result, the voltage system within the supply network becomes also unbalanced.

In power systems supplying asymmetrical (unbalanfsed) loads, appear suppleme?ntary
negative and/or zero sequence currents that cause additional power losses and faults in the
electric power system and the unacceptable overheating of three-phase asynchronous

machines belonging to different customers [13].

Power quality has become an important issue for electric power enginef:ring. Nowadays, the
distribution electric networks have unbalanced operating regimes, mainly produced by the
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great number of single-phase loads. Unbalanced line currents produce unbalanced voltage
drops on the three phases of the supply system. Consequently, the voltage system within the
supply network will become unbalanced. Voltage unbalance influences different
components of the electric networks: the effects on the motors are the growths of losses,
supplementary heating, and finally, the motors life is shorted. In the distribution and
transmission electric networks the main effect of the unbalanced currents is the existence of
additional power losses. Taking into account the above mentioned aspects, it is necessary to
study the propagation of unbalance through the electric power system, upstream from the
LV distribution level. By using the symmetrical components theory, transformers with

different types of connections were studied, and their influence on the unbalance propagation
was analysed.

2.3.1 Unbalance in Three Phase Distribution Networks

To study the unbalanced operation of a power system, the symmetrical components theory
is used. According to Stokvis- Fortescue theorem [14], every three-phase asymmetrical
system of phasors can be decomposed into three symmetrical systems of positive, negative
and zero sequence respectively. This aspect can be seen in figure 2.2, where every sequence
system contains three phasors characterized by equal magnitudes, in the case of positive and
negative sequences, components are rotated between them with 120 electrical degrees in
counter-clockwise direction and negative clockwise direction, respectively. In the case of
zero sequence components, there is no rotation between phasors. If an asymmetrical system
of line currents is taken into consideration, the relationship between the initial system and
the symmetrical sequence systems can be written as follows:

A e e e
I /=l a8 a| |l @.1)
Tk ol

Where 1, I and I¢ are the line current phasors, * I and I’ are the positive, negative and
Zero synﬂmetrical system, respectively, a = e/’?) is the rotation operator [15], the

relationship is:
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Figure2.2: Decomposition of an Unsymmetrical Phasors System in Three
Symmetrical Phasors Systems

These sequence system are not only theoretical, they correspond to the reality, the positive
sequence components are created by the synchronous or asynchronous generators while the
negative and zero sequence components appear at the place of unbalance. Each of them can
be separately measured and influences in a different way the power system. For example, in
the case of motors, the positive sequence components produce the useful torque while the
negative sequence components produce fields that create braking torques. On other hand,
the zero sequence components is the one that get involved in the cases of interferences
between the electric and the telecommunication transmission lines [13].

Other influences on balanced elements (generators and loads) connected to the power system
are as follows:

o Negative sequence currents can produce the overheating of synchronous generator
rotors, the transformers saturation and ripples in rectifiers [16].
e Zero sequence currents cause excessive power losses in neutral conductors and

interferences with protection systems [17].
o In unbalanced electric systems, power losses grow and the loading capacity of the

transmission networks diminishes.

2.4 Hardware Needed

In order to achieve the aforementioned objectives and requirements we need some of
hardware.
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2.4.1 Power Analyser VEGA 78

Thel in'Stmr:iu:mt VEGAT78 power quality analyser and energy logger allow carrying out
analysis and tests on single-phase and three-phase electric system with and without neutral.

The instrpment display in real time the values of all fundamental electric quantities which
characterize the electric system being tested (voltage, current, active power, reactive power,
apparent ROWCLPower factor, etc.) showing the waveforms of voltage and current. VAGA78
is used for t?stmg and analysing the quality of the electric service provided by the electric
power supplier, for analysing single-phase and three-phase electric users such as offices and

industt:ies, Whel:l diagnosing voltage anomalies by taking advantage of the possibility of
recording electric quantities.

The instrument also allow evaluating the harmonic content introduced by non-linear loads
such as computers, TV sets, controlled electric motor, etc. which can cause the RCD’s
tripping or a neutral overheating [18].

Figure 2.3: Power analyser VEGA78

2.4.2 PIC Microcontroller

The PIC microcontroller family is manufactured by Microchip Technology Inc. Currently
they are one of the most popular microcontrollers, used in many commercial and industrial

applications. Over 120 million devices are sold each year.

PIC Microcontroller (Programmable Interface Controllers) are electronic circuit that can be
programmed to carry out a vast range of tasks. They can be programmed to be timers or
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Control a production line and much more, They are found in most electronic devices such as
alarm system, computer control system, phones, in fact almost any electronic device [19].

The PIC microcontroller architecture is based on a modified Harvard RISC (Reduced
Instruction Set Cpmputer) instruction set with dual-bus architecture, providing fast and
flexible design with an easy migration path from only 6 pins to 80 pins, and from 384 bytes
to 128 k bytes of program memory [20]. Figure 2.6 shows the shape of PIC MCU.

Figure 2.4: Shape of PIC Microcontroller

2.4.3 ZigBee Technology

ZigBee is a new personal-area network (PAN) technology developed by the ZigBee Alliance
based on the IEEE802.15.4 standard. It is mission is to define a reliable, cost-effective,
secured wireless communication, using low power consumption with the ability to operate

for months or even years [21].
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Figure 2.5: Shape of ZigBee

1. ZigBee Stack

ZigBee protocol stack is shown in figure 2.6. It extends the IEEE802.15.4 standard
with two layers (Network layer and Application layer) to support additional features
such as routing reliability and network security and many other features.

IEEE802.15.4 standard define two layers which are the physical layer (PHY) and the
medium access control layer (MAC) [22]. The PHY layer is concerned with the
interface to the physical transmission medium as well as exchanging data bits with
the upper layer (MAC layer). The PHY layer specifies 27 channels distributed along
three license-free frequency bands as follows: 16 channels at 2.4 GHz with data rates
of 250 Kbps, 10 channels at 902 to 928 MHz with data rates of 40 Kbps and one
channel at 868 to 870 MHz with a data rate of 20 Kbps. Only the 2.4 GHz band
operates worldwide, the others are regional bands [23].

OEM

7'y
ZigBee
Alliance
Platform

MAC Layer IEEE
: i 802.154
+ Physical Layer v

Figure 2.6: Stack of ZigBee protocol
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2. ZigBee and other Competitor

Wireless sensor networks are one of th
a wide variety of applications, As a wir
the recent years due to it is ultra-low p

¢ most rapidly growing technologies and has
eless technology, ZigBee becomes popular in
. ower consumption. However, there are many
wireless technologies that are competing with the ZigBee such as Wi-Fi and

Bluetooth. Table 2.2 summaries the main difference between these technologies [24].

Table 2.1: Comparison between Wi-F 1, Bluetooth and ZigBee Technologies

Bluetooth ZigBee Wi-Fi
Frequency Band 2.4 GHz 868/915 MHz, 2.4 GHz 2.4GHz,5GHz
Data Rate 1 Mbps 250 Kbps 54 Mbps
Nominal Range 10 m 0-100 m 50-100 m
Data Protection 16 —bit CRC | 16 — bit CRC 32 —bit CRC
Power Consumption | Medium Low High |

2.4.4 Sensors

A sensor is a device that converts physical, biological, or chemical input into an electrical or
optical signal. To be useful, the signal must be measured and transformed into digital format,
which can be processed and analysed efficiently by computers. The information can be used
by either a person or an intelligent device monitoring the activity to make decisions that
maintain or change a course of action.

A sensor is a type of transducer, direct indicating sensor, for example, a mercury

thermometer, are human readable, other sensors must be paired with an indicator or display,
for instance a thermocouple [25].

2.5 Software Development Tools

2.5.1 C Programming Language

C is a high-level and general purpose programming language that is ideal for developing
firmware or portable application. Originally for writing system soﬁware, C was developed
at Bell labs by Dennis Ritchie for the Unix Operating System (OS) in the early 1970 [26].

Ranked among the most widely used languages, Chas a compiler for most computer systems
and influenced many popular languages-notably C+.
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The UNIX operation system, the C compiler, and essentially all UNIX application programs

en written in C, : . :
have be C has now become 3 widely used professional language for various
reasons:

o Easy to learn.

e Structured language.

o It produces efficient programs.

o It can handle low-level activities,

o Itcan be compiled on a variety of computer platforms.

Facts about C:

o C was invented to write an operating system called UNIX.

e The language was formalized in 1988 by the American National Standard Institute
[27].

e The Unix OS was totally written in C.

o Today C is the most widely used and popular system programming language.

e Most of the state of the art software have been implemented using C.

e Today most popular Linux OS have been written in C.

Why use C?

C was initially used for system development work, particularly the programs that make-up
the operating system. C was adopted as a system development language because it produces
code that runs nearly as fast as the code written in assembly language. Some examples of
the use of C might be:

e Operating Systems.

e Data bases.

e Language Interpreters.
e Network Drivers.

o Utilities.

° Print Spoolers.

2.5.2 Proteus 8 Professional

Proteus 8 is a best simulation software for various designs with Microcontroller, it is mainly

popular because of availability of almost all Microcontrollers in it. So it is a l?andy tool to
test programs and embedded designs for electronics hobbyist. You can simulate your

programming of Microcontroller in Proteus 8 simulation software.

ation Proteus provides the user with various tools that

€ imi lic
ompared to anther similar appli y. Maybe that is why this tool is frequently used in the

Wwork in a simple and intuitively wa

21




educatign field. It is very friendly for novice users who are interested on obtaining high level
simulation, schematics and board design [28].

Proteus 8 Features:

e Proteus incorporates a too] that autom
the board.

o Make a basic simulation.

o Itis possib.le to execute the integrated based router loading custom scripts or using
an interactive mode.

o Proteus provides a 3D visualization of the board. It includes navigation and a 3D data
footprints user application.

e Mange and configure dynamic teardrops.

o Proteus gives an automatic gate-swap optimization.

e Unlimited shape based power plans per layer.

o Unlimited number of pins in a net list.

atically places a component in the net list into

2.5.3 MATLAB

MATLAB is a very powerful software package that has many built in tools for solving
problems and for graphical illustrations. The simplest method for using the MATLAB
product is interactively an expression is entered by the user and MATLAB immediately
responds with a result. It is also possible to write programs in MATLAB, which are
essentially groups of commands that are executed sequentially.

MATLARB is a mathematical and graphical software package it has numerical graphical, and
programming capabilities. It has built-in function to do many operations, and there are
toolboxes that can be added to augment these functions (e.g., for signal processing). There
are versions available for different hardware platforms, and there are both professional and
student editions [29].
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3.1 Introduction

At this chapter we mention all the data that we collect include the measuring data that required

in our project about “C” building in Palestine polytechnic university, then we analyze these data
and do the required calculation and descript these data by a tables and figures.

3.2 Major Energy Sources and Consuming System at “C” Building

We collect the major sours of energy that used in the “C” building and the consumption rate of

each one of these sources, this include the electricity consumption and diesel consumption and

water consumption and the liquid petroleum gas (LPG) consumption.

At this section we mention each one of these source alone and descript its consumption rate for
year, then we describe the total energy consumption from all sources in the building and show
the percentage of consumption for each one, after this we make an indication for each one of
these sources to show the relationship between the total energy consumption in (kWh) and the

number of people (student and the Staff) that use the “C” building

3.2.1 Electricity Consumption

We want to find the total consumption of electricity in the “C” building at this stage of the

project, we face a problem in electricity bills, which supposed to know the total consumption of

electricity at the “C” building from the electricity bills, but these bills is not include “C” building

alone it is for all the university building in Wade- Elharea branch, that mean the consumption
that mentioned in the bill for more than one building not for one building alone, so we want to

find the consumption of electricity in “C” building alone.

24




alculate the electricity energy consumption (kWh) for “C” b

C : ‘C” building:

To solve the bills problem we want to calculate the load and energy co tion in “C
nsumption in “C”

puilding according to measuring value from the pri
¢ primary feeder of the buildin
g

We use the power analyzer device (VEGA 78 power analyzer) as in picture in the pri

feeder of the “C” building that located in the ground floor in a specialproomebm 'detll)lnmary
Library in the building to measuring the value of the voltage and the current anzSl e ef -
for each phase for one week in two months, one week in October and one week 1r11) (I)\Iv:er a;tor
for the period between (Monday 12/10/2015 — Sunday 18/10/2015 and Sunday 9/1 1‘/,:?1 Ser,
Saturday 15/11/2015) then we take the recording value that saved in the device for two month;
using the VEGA 78 software and make our calculation according to these saved value as we

describe below.

«C” puilding feeder

Figure 3.1: VEGA7 8 power analyzer at
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The Calculation:

wé take the value of the voltage (V) and the current (A) and the power factor from the VEGA

78 device then calculate the power on each phase for two weeks one in October and one in
November according to equation (3.1).

p=V=xI=*PF 3.1)

These calculations is shown with details in Appendix (B) at (daily consumption for October)
and (daily consumption for November).

Then, we calculate the total power for each day by summing the instantaneous power that
calculated in the day. After this, we calculate the energy consumption for each day by dividing
the total power that calculated in the previous step on (2) and we do this because the device
recording one value (instantaneous value) for each half hour so we get (48) recording value and
the day is (24) hours, so we divided on (2) to get (24) hours- one day according the equation
(B

kwh) __ total power for this day (32)

Energy consumption ( = >

For example in October:

o Energy consumption for (Monday-12/ 10/2015)

Energy consumption (KWh/day) = {total power for this day /2}
= {2176836.696/2}

=1088.418348 KWh/day.

For example in November:

e Energy consumption for (Monday-9/1 1/2015)
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Energy consumption (KWh/day) = {total power for this day /2}

=2l 51537.247/2}

=973.54809 KWh/day.
Then, we do all calculation of the Remaining days as showed before.

These calculations are shown with details in Appendix (B) at (daily consumption for October)
and (daily consumption for November).

After this, we calculate the Energy consumption for week on October and week on November
according to equation (3.3).

kwh

Energy consumption for week (m) = total energy of the 7 days (3.3)

For example weekly Energy consumptions for October:

Energy consumption (KWh/week) = Energy consumption (KWh/day1) + Energy consumption
(KWh/day2) + Energy consumption (KWh/day3) + Energy consumption (KWh/day4) + Energy
consumption (KWh/day5) + Energy consumption (KWh/day6) + Energy consumption
(KWh/day7).

Energy consumption (KWh/week) = (1088.418348) + (1138.745809) + (1020.642044) +
(515.772316) + (458.0393495) + (553.1528625) + (1128.384952).

= 5903.15568 (KWh/week).

All calculation is shown with details in Appendix (B) at (weekly consumption for October) and

(weekly consumption for November).
After doing all these calculations we find that:

For October:

The below table and figure are explain the weekly energy consumption for October.
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Table 3.1: Weekly Energy consumptions for October

Weekly Energy Consumptions
'\
Day Energy (KWh/day)

Saturday 553.1528625
Sunday 1128.384952
Monday 1088.418348
Tuesday 1138.745809
Wednesday 1020.642044
Thursday 515.772316
Friday 458.0393495

weekly Energy consumptions (October)

800

400

200

Figure 3.2: Energy consumption per day
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For November:

The below table and figure are explain the weekly energy consumption for November.

Table 3.2: Weekly Energy consumptions for November

Weekly Energy Consumptions
Day Energy (KWh/day)
Saturday 520.2091
Sunday 1231.4833
Monday 973.54809
Tuesday 993.5489
Wednesday 1020.642042
Thursday 876.9770453
Friday 445.35392

weekly Energy consumptions (November)

1400

1200

1000 -

800
600 -
400 -

PO e

kwh

200 -

Day

Figure 3. 3: Energy consumption per day (kwh/day) for November
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Then, we calculate the energy consumption for each month by multiply the energy consumption

for week that calculated in the month in the previous with the number of weeks in this month
according to equation (3.4).

: kwh
Energy consumption ( ) = [number of weeks in this month] X

month
. kwh
[energy consumption (m)] (3.4)
For October:

Energy consumption (kwh/month) = [Number of weeks * Energy consumption (KWh/week)]
= [4.428*5903.15568]
=26139.17 (KWh/month)

For November:

Energy consumption (KWh/month) = [Number of weeks * Energy consumption (KWh/week)]
= [4.285*%6061.762098]
=25974.65 (KWh/month)

Now, we want to find the energy consumption for the year, we used a correction factor to

calculate this consumption.

The correction factor represent the energy consumption of “C” building from total energy

consumption that mention in the bills.
How to calculate the correction factor:

To calculate the correction factor we follow these steps:
1. Get the bills history for year ago from Hebron Municipality for Wade- Elharea

branch and from this history we know the total cost (NIS) for October and

November for all buildings in Wade- Elharea branch.
2. Knowing the tariff (NIS) of one (kW) and its 0.71224 (NIS).
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3. Calculate the total consumption for October and November by dividing the total

cost (NIS) of each month that we get from bills history on the tariff (NIS) of one
KW).

4. Calculate the correction factor from each month using (3.5) equation.

calculated energy consumption(

kwh )
o (3.5)
month)

Correction factor =
energy consumption from bills (

5. Calculate the average correction factor from the correction factor of October and

November

Table 3.3: Correction Factor

Correction Factor

Correction Factor from (October) 0.444

Correction Factor from (November) 0.461

Average Correction Factor 0.452

These calculations showed in details in the Appendix (B) at (correction factor calculation).

Then, we calculate the energy consumption for each month using the correction factor that we

calculated in previous.
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Table 3.4: The Energy Consumption for Each Month

Monthly Energy Consumptions
o Correction Energy Consumption Energy Consumptions of “C”
Factor for Bills Building

January 0.452486969 56506.23385 25568.33448
February 0.452486969 56003.59429 25340.89663
March 0.452486969 61216.7247 27699.77021
April 0.452486969 71303.2124 32263.77446
May 0.452486969 54959.00258 24868.2325
June 0.452486969 58439.57093 26443.14432
July 0.452486969 36188.64428 16374.88996
August 0.452486969 43145.56891 / 19522.8077
September | 0.452486969 51484.05032 23295.86188
October 0.452486969 58786.36415 26600.06373
November | 0.452486969 55307.19982 25025.78721
December | 0.452486969 79296.30462 35880.54453

The all calculations for monthly energy consumption are showed in details in the Appendix (B)

at (bills analysis) and (monthly consumption).

The figure3.4, shows the energy consumption per month (KWh/month).
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Monthly energy consumptions
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Figure 3. 4: Energy Consumption per Month (KWh/day)

At the end, we can say that the total electricity consumption of the ”C” building in the Palestine
polytechnic university is 308.88 (MWh) in 2014, now the energy utilization index (EUI) was
calculated using (3.6) equation.

Bl = energy consumption (kwh)for year 36
FTE student,staff e

Where:
EUL: energy utilization index.

FTE (student, staff): number of student and staff in “C” building at full time equivalent.

The energy utilization index (EUI) for electricity is 523.52 (KWH/FTE student, staff).
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3.2. 2 Diesel Consumption

The other type of energy source which is consumed by the “C” building is diesel fuel, that use
to operate the standby generator, the diesel consumption in the “C” building in 2015 is: 500
letters, to converter the consumption of diesel in letters to (KWh) we multiplying the
consumption on letters with 9.95 and after this calculate the (EUI) using (3.6) equation.

The energy utilization index (EUI) for diesel fuel was 8.4 (KWh/FTE student, staff).

3.2.3 Water Consumption

We also use the water in “C” building for kitchens and bathrooms and other regular uses, water
consumption in the “C” building for 2015 is : 480 cubic meter (m?) the energy utilization index
(EUI) for water is 0.7(m?/FTE student, staff).

3.2.4 Liquid Petroleum Gas (LPG) Consumption

The “C” building also use the (LPG) that mainly uses in the kitchens, the consumption in the
“C” building for 2015 of gas is: 60 Kg ,to converter the consumption of gas in kg to kwh we
multiplying the consumption on kg with 12.91 and after this calculate the (EUI) by (3.6)

equation.

The energy utilization index (EUI) for (FTE, student) is zero because there is no student using
LPG.

For the staff the energy utilization index (EUI) for (FTE, staff) is 8.6 (kwh/FTE staff) so the
total energy utilization index (EUI) is 8.6 (KWH/FTE student, staff).
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3.2.5 Summary of Energy Consumption

After we collect and analyze data for the energy source that used in the “C” building we

concluded these source and the consuming system as below.

Table 3.5: Major Energy Source and Consuming Systems

Consumption

Electricity

Diesel

Water

LPG

Lighting

Standby

Generator

Kitchens and

Bathrooms

Kitchens

Heating
Ventilation and
Air Conditioning
(HVAC)

Regular Uses

Office
Equipment and
Other
Application

Other
Application

2014

240120.481
KWh

500 Letters
4950 KWh

480 (m3)

60 kg
774 KWh
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The below figure shows the total energy consumption and percentage for electricity, diesel, and
PG gas consumption in the “C” building

Percentage of energy consumption for 2014

diesel fuel
2% \ LPG gas

electricity -
95%

Figure 3.5: Percentage of total energy consumption in “C” building

From the figure3.5, and table 3.5, we note that the electricity is the highest energy consumption
in “C” building, so in our project we design a smart system to reduce this consumption and to

be able to design this system, we need to study and analyze the consuming electrical system

(electrical distribution) very well.

3.3 Electricity Distribution at “C” Building

From the above analysis we note that the electricity consumption is very high and very cost, so

We want to study and analyze the electricity distribution system to be able to design a smart
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system to reduce this consumption without effect on the function of the electricity distribution
system in the building.

After we study the nature of electrical loads in “C”
divided into three kind of load:

building that consume electrical energy we

e Lighting system.
o Heating ventilation and air conditioning (HVAC)
o Office and building equipment.

e Other applications.

Then, we analyze and make an estimation for energy consumption by each one of these kinds.

3.3.1 Lighting System

Lighting energy are the energy used to power electric lights, we collect all the data of the lighting
by counting the number of the lighting unit on each floor in “C” building and knowing the rated
power of each unit then we determine the average time that this unit remain in working condition

(on mode) and after this we calculate the total energy that the lighting which consumed.

Lighting is one of most important opportunity to save energy, it aims to decrease the
consumption by using many methods mainly using a designed smart system control of switch
on/off lighting automatically when the light must be on and when must be off (this system

mentioned at the next chapter) and replacing the lamps by less consumed power one and lamps

have higher efficacy than other type.

The table 3.6, describe the energy consumption by the lighting system just for three floors from
“C” building (ground floor , first floor, and second floor) the energy consumption by the lighting
system for all building are shown in details at Appendix (C) at (lighting system).
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Table 3.6: Energy Consumption by the Lighting System

Lamps Lamps -
Floor Place type & N*n l;:::i Totul Rated Power(W) (Wday) | Operation Time (Wyear) Enera‘;lzlns;r:)p s
B i : 4 8 18 144 8 1,584 - 28
X FL 75 2 150 36 2
Library CFL : 5400 8 1,584 8,554
1 5 23 115 8 1,584 182
. ol 3 1 3 1 5 3 1,584 52
Ground Floor “""‘"C"" '.’:’t”"a" IF}I: 6 4 36 139 3 1,384 6,957
B 2 2 4 3 144 5 1,584 8
Laboratory soil |FL 16, 2 3) 36 52 3 158 1825
: FL 29 2 58 36 2088 8 1,584 3307
depository  |CFL 9 1 9 23 07 3 1,584 o
L. CFL 5 2 10 11 110 3 1,584 174
ool 35 2 70 23 1610 8 1,584 2,550
CFL 3 1 3 3 69 3 1,584 109
WP 76 1 76 18 1368 ] 1,584 2,167
Spot 74 1 74 3 22 8 1,584 352
ikl 7 | 161 3 154 55
CFL 5 2 10 11 110 8 1,584 174
storage room  |CFL 1 1 1 23 23 8 1,584 36
CFL 7 1 7 23 16) 8 1,584 255
First Floor bathrossa ) CFL 5 2 10 11 110 8 1,584 174
Corridor2  |CFL 58 1 58 23 1334 3 1,584 2,113
il s [FL 2% 2 48 36 1728 g 1,584 2,737
Corridor3  [FL 20 4 80 18 1440 8 1,584 2281
R 19 2 38 36| 1368 8 1,584 2,167
FL 7 4 28 18] 504 8 1,584 798
Reception  |FL 1 4 4 18 72 8 1,584 114
FL 12 2 % 36 864 8 1,584 1,369
Reglstration office
FL g 2 18 36 648 8 1,584 1,026
Kitchens  [CFL 2 1 2 3 46 ] 1,584 73
Security Room  |FL 1 2 2 36 7 8 1,584 114
Corridr1  |CLF 69 1 69 3 1587 ] 1,584 2514
; FL 18 2 36 36 1296 8 1,584 2,053
selande oI 3 1 3 23 5 3 1,584 109
Class Room 102 |FL 1 2 28 36 1008 8 1,584 1,597
Class Room 104 |FL 4 2 8 36 288 8 1,584 436
Teachers Oflle CIU3_|FL, 8 2 16 36 576 ] 1,584 912
Comidor2  |FL 16 4 64 18 1152 ] 1,584 1,825
FL 1 2 2 36 2 8 1,584 114
o T 1 1 1 B B 3 1,584 %
Second Floor bathroum 1 |CFL g 1 9 23 207 8 1,584 328
bathroom2  |CEL g 1 9 23 207 8 1,584 328
Teachers Offce 101 |FL, 8 2 16 36 576 8 1,584 912
Computer Center |FL 7 2 14 36 504 3 1,584 798
Draviing Hall  [FL 12 p) % 36 864 8 1,584 1,369
GIS kb |FL 17 p] 34 36 1224 8 1,584 1,939
T = 5 3 % 1080 8 ],584 1,711
FL 2 2 4 36 144 8 1,584 228
Offiice CFL 1 1 ] 23 23 8 1,584 36
B [ hioes R 2 1 2 3 46 8 1,584 L2
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Where:
FL: florescent lamp

CFL: Compaq florescent lamp
Spot: spot lamp
N: number of lighting units

n: number of lamps in the unit

We determine the energy consumption of lighting and it is 121849 (KWh).

3.3.2 HVAC System

There is two system for air conditioning that use in the “C” building;
o Split unit system

e Central group air conditioning system.

The split unit system is using in each floor in the building and each unit have an a rated power,
we collect the number of these unit and the rated power for each one and at this step we use the
data sheet for each unit to know its rated power, then we calculate the total energy consumption

by this system.

The other system is central group air conditioning system used in the fourth floor in the “C”
building specially in the office of the director and we calculate the total energy consumption by

this system too.

39




Table 3.7; Energy Consumption by HVAC System

Heating ventilation and air conditioning (HVAC)
uipment
e o i No. | Rated Power (kW) | (vday) Operation time Consumption (kWh/year)

Split unite (Small capacity) o

E— 4.8 3 594 45619.2
Split unite (medium capacity) n

9.05 2 396 32254.2

HVAC system
. 16 4 792 25344
103217.4

The energy consumption by the split unit and HVAC system is 103217.4 (KWh).

3.3.3 Office and Building Equipment

In the “C” building there is many of office equipment’s and labs equipment uses, like a

computers and its LCD screen, multifunction printers, and copiers we collect all data for these

equipment’s by collect the number of these equipment and the rated power for each one and

then calculate the energy consumption according to its the operation time.

The below table descript the consumption by office and lab equipment.
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Table 3.8: Energy Consumption by Office and Building Equipment
Office and building equipment
Equipment No. | Rated Power (kW) (b/day) | Operationtime | Consumption (kWh/year)
IS
compute 110 0.25 5 990 27225
Multifunction printers 22 1.201 2 396 10463.112
Copies 2 0.0096 2 396 7.6032
ppu web servers 15 0.42 24 4752 29937.6
boilers 6 2 0 396 4752
elevator 1 4 6 1188 4752
Fax 14 0.00622 8 1584 137.93472
data show 10 0.33 3 594 1960.2
79235.44992

Energy consumption by office and building equipment is 7 9235.5 (KWh).

3.4 Total Electricity Consumption

At this section we summarize the total electrical ener

building;
° Lighting load.

° Heating ventilation and air conditioning (HVAC) load.
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o Office and building equipment loaq.

o Other applications.

For each one of these load we design an smart system for saving the wasted energy through it
that mentioned in chapter four with details, and in the below we describe the energy

consumption for each one of these loads and its percentage from total load for “C” building.

Table 3.9: Total Electricity Consumption by all Loads in “C” Building

Total electricity consumption
system Consumption (kWh/year) %
lighting system 121849 - 39%
Heating ventilation and air conditioning (HVAC) 103217.5 33%
Office and building equipment 792855 26%
Other application 4582.2 2%
308884.2 100%
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The figure 3.6, describe the percentage of each load in the building from total electrical load

Total electricity consumption

Office and
building Other
equipment application ey
26% 2% lighting

&

ventilation
and air
conditioning
(HVAC)
33%

Figure 3. 6: Percentage of Total Electricity Consumption in “C” Building

For each one of these load we design a smart system for saving the wasted energy through it.
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3,5 Energy Consumption at Standby Mode

As we know the devices consumed electrical power at standby mode called standby power,

standby power is electrical power that a device consumes when not in present use, but plugged
in to a source of power and ready to be used.

For a long time the standby electrical power became wasted power and at this case we need to
disconnect the device from source.

Table 3.10: Power Consumed at Standby Mode for Device in the “C” Building

Power at Standby Mode
. Power Consumed
Device Mode
(W)
Air Condition 1
On(charged) 2.24 1
Mobile Phone T
Charge On(charging) 3.8
Power Supply
Only 0.28
Hub (USB) Off 1.44
Modem(DSL) Off 1.373
Printer Off 17
el
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Scanner

Off

2.5
Off

Data Show by Remote 6.9
Off by Switch 6.6
Off 13

LCD
Sleep 16

Fax
Off 531
Off 3.9

Computer Box

Sleep 214

3.6 System Balance

As we know the balance play an major role in wa

Ing i sing in the
the electrical system is unbalanced there is an a voltage drop happened causing increasing

re | 1 ther i i ic by decreasin
Current and m 0SS app ars i th d vice and ere1s another effect in the device g
ore (& in the ac

Must be done to reduce the losses in energy-
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The testing include two profiles:

1. Voltage profile.
2. Current profile.

We can say the system is balance just if the two profiles are balance

Voltage profile:

The testing of voltage profile done in the period between (Monday-9/11/2015 and Sunday -
15/11/2015) to know if the system is balanced or not as shown in the table 3.1 11

Table 3.11: Voltage Profile Testing for Each Phase

day V onphase 1 | V onphase 2| V on phase 3
Saturday -14/11/2015 236.4 236.6 236
Sunday -15/11/2015 236.7 236.7 236.6
Monday-9/11/2015 234.29 235.28 234 .4
Tuesday - 10/11/2015 234.4 2351 234.3
Wednesday - 11/11/2015 234.7 235.2 234.3 |
Thursday -12/11/2015 2395 235.J 230, 1
Friday -13/11/2015 236.6 25617 236.7

From the table 3.11, we can say that the voltage value in the three phase almost the same so the

voltage profile is balance.

Current profile:
The testing of current profile done in the period between (Mond
I5n 12015) to know if the system is balanced or not as shown in the table 3.12.

ay-9/11/2015 and Sunday -

46

.- ==



5

Table 3.12: Current Profile Testing for Each Phase

day Tonphase 1 | Tonphase2 | Ion phase 3

Saturday -14/11/2015
Sunday -15/11/2015 2(7) 28 =
Monday-9/11/2015 82 56 2131
Tuesday - 10/11/2015 74 49 59
Wednesday - 11/11/2015 47 55 50
Thursday -12/11/2015 62 50 51
Friday -13/11/2015 33 20 %)

Saturday Sunday

40

30 +
20rq /
10 - ’

o]

100

Current on phase
Current on phase

phase 1 phase 2 phase 3 phase 1 phase 2 phase 3

number on phase “ number on phase

Wednesday Tuesday

| ' l

phase 1 phase 2 phase 3

80

60 ~
40 7
204 N —

0
phase 1 phase 2 phase 3

Current on phase
Current on phase

number on phase number on phase

Figure 3.7: Current Profile Testing at Four Days
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Hint: testing for all days are shown in the Appendix (D),

From the table and figure above we can note that the current profile is not balanced.

The system in the “C” building is unbalance and to solve this problem we need to redistribute

he load in the building between three phases equally and this is difficult to do practically and if
we doing any single phase load connect on the system it make the system unbalance.
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Chapter four: System Design

e

4.1 Introduction.

4.2 General Block Diagram for the First Section of Design.
4.2.1 System Modelling.
4.2.2 Lighting Control System.
4.2.3 Heating Ventilation and Air Conditioning (HVAC)

4.3 Separate Automatic for Electrical Application.
4.3.1 Electrical application still use power when turned off.

4.3.2 How much energy is consumed by devices while turned off.

4.3.3 Design Principle.
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4.1 Introduction

In this chapter we are going to design the audit system using smart system, this chapter
consist of three parts, briefly the first part deal with light system, the second part deal with
HVAC system, the third part deal with other application like laptop, cell phone, etc.,

In this project we want to apply the smart system in C-building in Palestine Polytechnic
University, the aim of applying this system is conservation of energy from losses, without

compromising the comfort of people.

We are going to control of all applications in C- building, this applications consist of Light,
HVAC, and office and building equipment system, this system can be control either mobile

phone or by automatic system, or by the both ways.

To access the correct design in this project we are going to divide the project into two
sections, the first section deal with light and HVAC systems, the second section deal with

other application,
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4.2 General Block Diagram of the First Section of Design

Power
Supply
Light Sensor Motion Sensor Temperature Sensor
3 v l
Transmitter Transmitter Transmitter

» » »
o

Receiver
Interfacing : Interfacing
g Microcontrolle
e Circuit

Transmitter

Receiver Receiver

A A
Light control HVAC control
Figure 4.1: General Block Diagram for the first section
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As shown in Figure 4.1, the general block diagram of the system, the sensors are put in the

room independently to measure different parameters (temperature degree, light intensity, and

motion detection). These measured valyes are sent to the microcontroller through the

transmitter/receiver. The microcontroller receive these data and analyzes it and takes the

right decision as control commands. Also the output control commands transfers via the

transmitter/receiver to reach the wanted actuator.

4.2.1 System Modeling

The models of the system are viewed to explain the functionality of the first section of system

components, this modeling simplify the understood of the structure of the first section of

system.

Input Data from

& 1 Transmitted Temp.
emp. Sensor

Data Degree

Encoding

. Decoded Processed
Input Data from Transmitted Data Data
Light intensity il
Light sensor
Data Data Data Data
Encoding Decoding Processing Encoding

Input Data from

Motion sensor Data

Encoding
S Bl

Light HVAC
Receiver Receiver
Transmitted \
detected
Person signal Data Data

Deceding

To light
Switch

Figure 4.2: Data flow model

52

Deceding

To HVAC
switch




o 4.2, shows the data flow model of the system. It shows how the sequence of data start
with enter the data from sensors that gather data about the surrounded environment, these

data is encoded through the interfacing circuit in order to transmit it to the microcontroller,

the sent data is carried out using RF-wireless technique, when the microcontroller gets this

decoded data from the receiver converts it from analog to digital data in order to determine
the address of the source transmitter.

After that the micro-controlling unit analyzes this data, and takes the appropriate decision,
this decision is transmitted via the transmitter attached to the micro-controlling unit. Finally
the transmitter sends the data to the address generated from the microcontroller to the

receiver that is attached to the actuator in order to do the desired action, such as turn on light,

turn on air conditioner.

4.2.2 Lighting Control

Lighting control technology and techniques can significantly reduce lighting energy use
whilst maintaining the quality of illumination. Effective control systems can reduce lighting

energy requirements by between 40% and 60% in most applications [30].

Lighting controls help ensure that lighting is delivered at the right levels for particular areas
or workspaces when required. Up to 60% of the installed lighting load can be saved with
proper use of the appropriate lighting controls. Lighting controls can be used for a range of

applications such as dimming, presence detection and to switch off lights when there is

sufficient daylight [31].

Lighting Control Technology
The main strategies for lighting control include: local switching and dimming, presence

detection, daylight linked and time operated. The following diagram shows effective

strategies for lighting control.
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AUTOMATIC

CONTROL c"g:‘NTlégLL

PRESENCE DAVUGHT PART LOCAL GROUP:
CONTROL LINKED SWITGHING SWITCHING
ON/OFF CONSTANT LUX TIME PROGRAMMED

PHOTOCELL DIMMING SWITCH CONTROLLER

MOVEMENT
ACOUSTiC DETECTOR

INFRA RED DINAMIC
INFRARED

Figure 4.3: Effective strategies for lighting Control.

Each zone where lighting controls are to be used should be evaluated for the best strategy of
control, Manual control includes the way the switches are linked to individual and groups of
luminaires. Controllers can also be automated, and these can react to presence detection,
daylight availability or time of day. Multiple zone controllers use a communications protocol
known as a ‘BUS’ system to link each component together. The main control strategies are

outlined below.

Manual Control

These are either permanently wired (such as the standard wall switch), or ceiling mounted

pull switches, and can be used for switching of dimming. Part switching and group switching
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allows a certe'lin number of luminaires or lamps to be controlled from local locations e.g.
QB ftpiiate Separate “zones’, on bright days the luminaires closest to the windows
would not need to be switched on and would therefore save energy. While manual controls
are cheap to install they still rely on the occupants turning lights off when they are not
needed. Raising awareness of the lighting requirements and the profile of lighting energy use
will be required to encourage manual switching, This can be done through well labelled
switches and guidelines on what lights are to be used and when. Responsibility for turning
lights on/off outside business hours needs to be allocated e.g. cleaners or security guards.
One Irish retail chain uses different levels of lighting matched to store activities or the time
of day. Lighting levels are increased in staff entrance areas during staff shift changeovers

and levels are adjusted for store opening times, cleaning, re-stocking shelves and overnight

security.

Automatic Controls

This can be used to:

o Automatically switch lights on and off as people enter and leave an area or room.
o Manually switch lights on upon entry and automatically switch lights off when

people leave an area or room.

Passive infra-red (PIR) units are low cost traditional presence detectors which can also have

daylight sensor facilities.

Some types of PIR sensors can be set to keep the lights off when there is sufficient natural

light and detect presence, automatically switching the lights on or off when a person enters

or exits a space. Adjustable sensitivity is possible for both presence detecting and daylight
sensing,
The mounting position of automatic presence detectors (on the wall or ceiling) will be

determined by the size and shape of the area:
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o For small areas, infra-red detectors mounted on the wall, are likely to provide

sufficient detection and the detector should be able to be “seen’ from all positions in
an area.

o For larger areas, ultra-sonic or microwave detectors, are more sensitive to movement

and therefore more suitable for areas where small movements are made. The

direction of the detector head needs to be considered as a sonic beam will detect
movement through glass i.e. outside the office.

Daylight Linked Control

Daylight controls/photocells linked to switch or dimming luminaires respond to daylight
levels. The luminaires in a large workspace could be split into three lighting control zones.
One zone along windows, a second zone in the middle of the room and a third zone at the
back of the room. The luminaires in each zone can then adjust lighting levels depending on

the natural light entering the space.

Time Control

These are used to switch lights off when they are not required, such as at lunchtime or at the
end of the day and in any situation with a regular period of occupation (always provide

manual override to allow users to switch lights on if necessary).
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Block Diagram

V| Receiver

Light
Sensor

Human | PIC PIC
Sensore [~ ISR

— !

Figure 4.4: Block Diagram for Lighting Control System

As shown in Figure 4 4, the block diagram for lighting system, in this system the sensors put

in the room to detect lighting intensity, and presence human , and the counter put in the

beginning of the room to count the number of persons who are enter to the room, this system

works as the follow. count which measure the number of persons entering in any room, this

person count will be incremented if somebody enter inside the room, and at that time the
light unit turn on, but to save energy. the system will

conditions.

work according to the following
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o Ifnobody in the room the light turp o o

o If they are persons in the room and the light intensity in the room is suitable, then
the light turn off.

o If the number of persons in the room less than specific value, and the light intensity
in the room is suitable, then the light turn off.

o If the number of persons in the room greater than specific value, and the light
intensity in the room is suitable, then the light turn off.

e Ifthe number of persons in the room less than specific value, and the light intensity
in this room is not suitable, then light turn on, but light one unit.
o If the number of persons in the room greater than specific value, and the light

intensity in this room is not suitable, then the light turn on, but light all units.

On the other hand we can lighting control via mobile phone, as shown in the Figure 4.5,
lighting control using mobile phone, the system works as follow, the mobile phone sent the
signal to the Wi-Fi router, then Wi-Fi router process this signal, and then we can turn on or
turn off the light units.

Figure 4.5: Lighting Control Using Mobile Phone
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4.2.3 HVAC Control System

For a higher quality and comfortable modern lifestyle, people rely on air conditioners (ACs)
much more than before, in both developed and developing countries, ACs increase the
occupancy ratio of building areas, this also leads to a rapid growth in the energy consumption
pe ACs, according the static data [32], HVAC almost consumed half of the energy in
puilding and 20% of the overall national energy consumption, therefore it is important to

decrease the energy consumption of ACs in residential and commercial building [33].

Before going into the design, the following is a brief explanation about:

HVAC systems are classified as either self-contained unit packages or as central systems.
Unit package describes a single unit that converts a primary energy source (electricity or
gas) and provides final heating and cooling to the space to be conditioned. Examples of self-
contained unit packages are rooftop HVAC systems, air conditioning units for rooms, and
air-to-air heat pumps. With central systems, the primary conversion from fuel such as gas or
electricity takes place in a central location, with some form of thermal energy distributed
throughout the building or facility. Central systems are a combination of central supply
subsystem and multiple end use subsystems. There are many variations of combined central
supply and end use zone systems. The most frequently used combination is central hot and
chilled water distributed to multiple fan systems. The fan systems use water-to-air heat
exchangers called coils to provide hot and/or cold air for the controlled spaces. End-use

subsystems can be fan systems or terminal units. If the end use subsystems are fan systems,

they can be single or multiple zone type [34].

59




Block Diagram
E; T ¥ > g gy i Ema e
. Transmitter e i Py User g
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e s o e
? e | Humidity |
i
| y
| Temperature RS
Sensor l .){ Split Units ;
= G S e ]
L e
e Central }
- % | .
| Humidity | Unit !
| Sensor TR =P ARy
s HVAC Unit

Figure 4.6: Block Diagram for HVAC System

As shown in Figure 4.6, the block diagram for HVAC system, in this system sensors put in
the room to detect the temperature and humidity, these values are taken as inputs by the

climate control system and it electronically controls the temperature and humidity and

maintains them at user-specified values, These sensors continuously read the temperature

and humidity values of the area and feed 1
compared by the setting value defined by the oc
is controlled by the HVAC system either turned off or turned on.

t to the microcontroller. These readings are then

cupants, based on the comparison result, it
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On the other hand we can contro] of the HVAC system via mobile phone, HVAC control
system using mobile phone, the system works as follow, and the mobile phone sent the signal

to the Wi-Fi router, then Wi-Fj router process this signal, and then we can turn on or turn off
the HVAC units.

{  Start \,
\\A,_,_--/‘
A ey T S|
Either | Control the air | or
i conditioner
v v
Control by Control by
mobile phone smart sensor
v A4 A v
Turn ON Change Turn OFF Adjust the
the Tepm. temperature
o| Measurethe |,
temperature
Yes
Turn Heater N_<° Hot  >—— Tern Cooler

Figure 4.7: HVAC System Control Flowchart
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4.3 Separate Automatic foy Electrical Application

e previse section we dj .
In the p e discussed the smart lighting control, and smart air conditioner

control, in this subsection we discuss the other application like laptop, cellphone, LCD, etc.,

but before deal with design we want to illustrate some important points

4.3.1 Electrical application still use power when turned off

A lot of people think when they turn off an electrical application that it does not use any

power, time to think again, most electrical device still use electricity while turned off, some

devices never actually turn off, they are still consuming power in a standby power mode.

4.3.2 How much energy is consumed by devices while turned off

The electricity consumed by electrical application while they are turned off depends on the
electrical device, the range of electricity used by these electricity leaking device are
anywhere from 1 watt to 50 watt of electricity, now 1 watt does not sound like a lot, which

it isn’t, but when you have 20 electrical devices using just 1 watt of power, that is 20 watt

being used.

A single cellphone charger will consume 1 watt while plugged into the wall, even without a

phone plugged into it! The same cellphone charger will also consume 4.5 watts of electricity

with a cellphone plugged into it that is already fully charged! The same cellphone charger

will consume 8 watts of power while charging cellphone.

A stand-alone DVR set top box will consume 48.5 watts of power while turned off. A digital

cable DVR set top box will consume 43.5 watts of electricity while turned off, while a digital

cable box without DVR will consume 33 watts of electricity. A satellite set top box with or

without DVR will consume 33.5 watts of power while turned off.
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ost everyone has a TV i :
S y Vi ther home, so how much electricity do TVs consume while

ff? R jecti i
turned 0 ear pI’OJCCithH TV will consume 48 5 Watts of electricity while it is turned off!
A standard CRT TV will consume 13 Watts while turned off

is reason i .
oy e oAy design smart System to Separate Automatic for Electrical

Application, in the next section we illustrate the design principle for these separate

automatic.

4.3.3 Design Principle

As shown in Figure 4.8, the block diagram for automatic interruption process, the system
works as follow, when load dis-connected to the supply, the sensor give change in the
current, and then the value is converted to the voltage, then adjust the voltage value using
amplifier gain, even fit with the voltage allowed enter the electronic programmed piece. It is
then compared to the value entered with the programmed value, if the entered value is less
than the programmed value, then be sent command to the transistor, then sent to the relay to

be automatic interruption process.

When it is re-connect the load, the sensor works and gives change in current, then it is

transferred to the voltage, then enter value to transistor then to triac, and therefore electricity

is connected to Transformer again.
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Chapter Five:  System Implementation
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5.1 Introduction.

- 5.2 Hardware Implementation.
5.2.1 Lighting and HVAC Circuit Hardware Design.

5.2.2 Separate Automatic Loads Circuit Hardware Design.

5.2.3 Android Application Circuit Hardware Design.

5.3 Software Implementation.
5.3.1 Transmitter Side Software Design.
5.3.2 Receiver Side Software Design.
5.3.3 Separate Automatic Loads Software Design.
5.3.4 Android Application Software Design.
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5.1 Introduction

In this chapter we will dig more deeply in implementation side of the project. Section 5.2
will focus on thg electrical considerations in the design includin Izlflojec - ecc:1i ion 5.
electrical calculatl(?ns, and will discuss other possible variation of tghe c?e ’?‘alnb %gr%ltfllli,
advantages and disadvantages of each one. Section 5.3 will focus ozlgtnhe e_:; f;v ar:
implementation, and will discuss the various codes that have achieved the goals of the
project.

5.2 Hardware Implementation

In this section we will discuss the detailed electrical circuit, as mentioned in section 4.1, the
system consists of three parts: Lighting system, HVAC system, other application system, As
well as for the mobile application relating to the first part and the second.

5.2.1 Lighting and HVAC circuit Hardware Design

As a tesults of similarities on control between Lighting circuit and HVAC circuit, in this
section we will collection two control circuits in one control circuit, Lighting and HVAC
control circuit consist of two parts, transmitter circuit and receiver circuit. Figure 5.1 shows
circuit diagram of the transmitter circuit. This circuit consist of three main components:

e Different Sensors (work as input to the system).
e PIC atmega328.
o XBee module.

ction of each components.

In the following paragraph we discuss the main fun
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The transmitter gircuit consist.of many components, in
(Temperame, Light, PIR), this sensors yse as inpl;t t
arameter like, .temperature. of the room, light inten
following is @ brief explanation about how thig Sensors i

this circuit we used three sensors
o this circuit to measure different
sity, and detect the human exist,
s working in the circuit.

o Temperature Sensor.

In this project we used the LM35 Tem

: perature sensor, the LM35 is an integrated
circuit sensor that can be used to me -

e : asure temperature with an electrical output
proportional to the temperature in (C°) the LM35 sensor has an output voltage that is

propprﬁonal to the Cels%us temperature, the scale factor is (0.1V/C° ) and it does not
require any external calibration, LM35 is that draws only 60 micro amperes from its
supply and possesses a low self-heating capability [35].

Figure 5.2 shows the LM35 Temperature sensor, LM3S5 is three terminal device, Pin
number one for ground, Pin number two is analog voltage output with respect
temperature value, and Pin three for 5-volt voltage supply [36]. Relation between
measured temperature and analog output voltage is:

10 C° =10 m volt

Figure 5.2: LM35 Temperature Sensor

: ; t of
Hence for every one degree increase in temperature the;e'wﬂl gioa; ;Z;;:;nai; 1 :g
10m volt in output voltage of LM35 sensZrI; I;I(; z;)tring?é?éor‘; ::tZr (ADC) is used to
28 built in Anato ;
\I:ltage vah:l:’ PI(:');::;I: gffter reading ADC value, usmi voltagrziz?ldf ;:::f?srit::l
easure analog v > ture. A conve
relationship voltage is converte 5

d back into temper
to convert voltage back into temper

ture. All these conversion has been done through
al &
programming.
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Light Sensor

roperty t : ;
have property to change its resistance according to intensity of light. If light is high

d if light is low, LDR wi :

i : A > will have h i
mlctfoclc()ntrolle;tczn. easily read this resistance in the form of v‘:)eltalggehafjlz:]i?;}?ciz
be back converted into proportional value of light by using a formula avai i
datasheet [37]. g a formula available in

Figure 5.3: LDR Light Sensor

Human Sensor

In this project we used the passive infrared radiation (PIR) sensor, PIR sensor allow
you to sense motion, almost always used to detect whether a human has moved in or
out the sensor range. They are small, inexpensive, low-power, €asy to use and don’t

wear out.

the Pin number one for ground, Pin number two
(5V), figure 5.4 shows the PIR

PIR sensor consists of three Pins,
for output signal, Pin number three for voltage supply

Seénsor.
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Figure 5.4: PIR Sensor

The other component we used the XBee module to send data to receiver circuit, in this part
the XBee treated as transmitter module, we use an XBee explorer dongle (shown in figure
5.5a) to connect the XBee to the administrators laptop which serves as its microcontroller
unit (MCU). The dongle has two main functions: firstly it is used to interface the XBee to
the laptop by converting serial data coming from XBee to the USB format to be readable by
the computer. Secondly, the dongle contains an inherited voltage regulator at 3.3V to power
the XBee module from the laptop. Figure 5.5b shows the coordinator nodes components
connected together.

(b) XBee, PC and the dongle all together.

(a) XBee explorer dongle.

Figure 5.5: Coordinator node.
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hand, the power is fed to th
705V and a maximum supplied current of 250ma e{}}lj;;ughl an AC
" 1ation stage to power the XBee and pPIc MCIj ACC(:]r(()ﬁ tage; is
! . ng 0 .

regula
-3.4V while PIC i kn

-DC power adaptor with

appendix B) the XBee module Operates at 2.8

this point W AT
pIC on the their suitable voltage levels, thig choice me
circuit (usually 2 transistor with a resistor) between s

pIC.

own to work at 5V. From

ans we will need a voltage level-shifter
erial port of XBee and serial port of the

The second choice, which we followed, is to choose CMOS
ofusing a CMOS MCU is that they operate at low voltage
quitable in our case. Note that this solution does not only redu
a minimum components bpt also keep the board size more compact. The above circuit
- (figure 5.1) shows the circuit diagram of the transmitter circuit, the TS31'7 variable regulator

e by oo resist.Or of 110 and 180 ohm to provide the desired 3.3V output voltage
according to the following equation:

-type PIC MCU. The advantage
(from 2.2-5.5V) which is very
ce the cost of the node by using

Vout = 1.25V * (1 + R2/R1) + Iadj * R2 (6.1)

The presence of the two capacitors is optional to keep stable at the input and filter out the
ripples at the output. As a general rule, when external capacitors are used with any 1.C.
regulator it is sometime necessary to add protection diodes to prevent the capacitors from
discharging through low current points into the regulator. The protection diode is
recommended for output voltage in excess of 25V or high capacitance value. However, since
we are dealing will low rating power we ignore this diode.

The XBee module, it is 20 pin transceiver with only four pins are of our interest which, Vce,
GND (power lines) and Dout, Din (serial lines).

The last component in this circuit is the PIC MCU. From our previous discussign we set the
requirements for the needed MCU: it should operate at 3.3V, and have a serial port with

minimum number of pins to ensure smaller size. AS in XBee, all what we need is five pins,

two for power lines (pin 1 is Vce and pin 14 i GND), two for serial commupicgtion- (pin 5
lear (pin 4) which we maintain disabled

iSRx and pin 6 is Tx), and the last one is master ¢
- (e at level high). In this circuit we used the PICatmega328. However, the baud rate at

which PIC communications with XBee through the serial port is directly affected by chosen

clock. For asynchronous mode, the desired baud rate is given by the equation:

Fosc (5.2)
BaudRate = Zpre+1)
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& (5.3)

BRG:(%)_l

16000000,

BRG = ( BRI
o4 =75

Now calculate the actual baud rate using equation 5.2, the result is 9615 with giving by

(Calc.BaudRate—DesiredBaudRate)
DesiredBaudRate

Ernor = =060 (5.4)

This small drift in timing did not cause much problems if we make sure that our transmitted
packets through serial ports are short. A 0.16% error means that every 640 bits (i.e. 9600/15)
there is one additional bit (i.e. one error occur every 80 byte). However, our packets do not
exceed 50 bytes at any circumstances so we are safe.

PIC take different data from sensors, then
XBee module, then XBee module

ircuit).

Briefly the transmitter circuit work as follow,
process this data, and finally transfer this data to the XE
prepare this data and send it to another XBee module (receiver ¢

i ; ‘rcuit. this circui i three main
Figure 5:6 shows the circuit diagram of receiver circuit, this circuit consist of

components:

° XBee module.
® PIC atmega328.
° Output Circuit (Lighting & HVAC)-

: i h components.
i following paragraph we discuss the main function of eac p
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reated in the same way in the previoyg part (tr.
ot the XBee treated as receiver modyle, Th
g transmitter and the second XBee g5 receiv

first XBee in the previous part (transmitter circuit), th
MCU to process them as required. i

rough

The second component is PIC atmega328, P|

: C take d ;
aroces, 0 obtain the tasks desired. PIC it = ata from XBee and make it some

ess three values:

o Light intensity.
o Temperature value.
o Existing of human.

Through these three values we can control the output as will be shown in the next phase

The last component is output circuit (Lighting & HVAC), this circuit consists of two parts
relay and part to be controlled (Lighting or HVAC), depending on the processing values it
is controlled in relay mode either on or off, to turn on or turn off the output.

5.2.2 Separate Automatic load Circuit Hardware Design

Figure 5.7 shows the circuit diagram for separate automatic for loads.
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Figure 5.7: Circuit Diagram for Separate
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- gircuit consists of three main parts:
This

” current Sensor.

S EIC atmega328.

o Trac.

onnect load from network depending on the
is-C

current sensor, and re
work depending on the LDR sensor.
e

-connect load to the
arate automatic circuit work as the followin g steps:
Sep

When load is connected to the supply the current S
. .

the current that load withdrawn from the network,

value in the separation automatic.

o When load dis-connected from supply then the current withdrawn from the network
is small, this value is determine by measuring current when load is dis-connected.

o The value of this current go to the PIC MCU then PIC MCU make processer and
send signal to the triac to separate load from supply.

o When re-connect load to the network, then the LDR SCTISOI' value bec?ome very small.

o This value go to the PIC MCU, then PIC MCU send signal to the triac to re-connect
load.

ensor have a value, this value is
and we will be depending on this

523 Android Application Hardware Design

(ohtiod detail of
We made and design the mobile application to control the l_lghtmg' 1nt Olller:ciilisctzlméir:uit for
this application will appear in the next section, hear. e dlscussdiu'sd: lication, as show
android application. Figure 5.8 shows the electrical circuit for android app >

; is circuit, this circuit consists
ithe figure the Bluetooth of mobile considered as input for this circuit,
of

° Bluetooth HC-06.
* PIC atmega328.
° Lighting Units.
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Figure 5.8: Circuit Diagram for Android Application

This cireuit works as the following steps:
® The mobile send the number of lighting unit to be activated, through the Bluetooth
of mobile.

* Bluetooth HC-06, mounted with PIC atmeg;.;’éS rece
unit to be activated, and send this number to ) : o

RLFIC atmega328 check out this number, and therefore do a lighting unit require

ived the number of lighting
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3 software Implementation
5
oction we will focus on the software part of e

pbis® itter code, receiver cod :
fransmitter ; ode, android code,

Project, we dise

uss the vari
and various code,

S€parate automatic code.

sl Transmitter Side Software Design

pihe ransmitter circuit, code involves three parts:

Interface sensors with PIC atmega328 code.
, PIC processor code.

» XBee code.

First we discuss the interface sensors with PIC code, to make interface between sensors and
pIC MCU we need to.mak.e define these sensors as input to the system, this process is
fescribed in the following piece of code:

—
{ 'int PIRPin = 2; // select digital Pin(2)to connect human sensor (PIR)
) int TempPin = A0; // select analog Pin(Z0)to connect Temperature sensor (LM35)
i int LightPin = Al; // select analog Pin{Al)to connect Light sensor (LDR)
int PIR; // to store PIR wvalue
int Temp; '/ to store Temp. value
int LDR; // to store Light value
it i = 0;
=veld setup () {
s€rial.begin (9600);
-0 the systenm
/ define Pin(2) as input to Ta€ 549
Anut tq the system
// define Pin(AQ) as 1pput L& &= =2
T + +~ the gy3tem
/ aafine Din(Al) as imput To tae S
define Pi
1

d PIC
interface between sen;ors an
1 digital Pin (2) in PIC MCU,
MCU, and the LDR sensor
input to the

e “plained previously, this code Shows how mak:ct 3
»through the code it is clear that PIR sensor cing) o
“Mperature sensor connect with analog Pin (

s
3 ' defined these sensors @
Sy;t‘t:t With analog Pin (A1) in PIC MCU, then W€

77

VR



~ S,

Second, we discuss the PIC MCU process
sensors and make some process to give ys v
in the following piece of code:

a(l)r code, in this part PIC read the values of the
ues we can deal with it, this processis described

s

1B veid loop() {

PIR = digitalRead(2); // read PIR sensor value

Temp = analogRead(A0); // read Temp sensor value

LDR = analogRead(Al); // read LDR sensor value
Sal - -

Voltage = Temp * (5000 / 1024); // convert readin
Temperature = (Voltage - 500) / 10; // convert millivol:

The last part, XBee code, to programming XBee module we used the X-CTU program,
through this program we can configuration the XBee, and define XBee as transmitter
module, to define XBee as transmitter module we set the following parameter in the X-CTU
program as the follow:

(® CH Channel C © @
@ 1D PANID 3137 @ @
(i) DH Destination Address High 0 ,%, uz:)'
(D) DL Destination Address Low 10 @ @
Q) MY 16-bit Source Address 11 "§§" ';f'

After configuration XBee on the X-CTU, now we make the interface between XBee and PIC
atmega328, this process is described in the following piece of code:

il
m
i
W
0
I
1
Y
|

.
1]
U]
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{PIR,Temp,LDR}:

rial.write (array(3]);
elay (1000):;

5.3.2 Receiver Side Software Design
In the receiver circuit, code involves two parts:

o XBee with PIC processor code.
o Interface Output circuit with PIC code.

The above code addresses same the previous code addresses in the transmitter circuit, but
the code content varies depending on the function of each component.

First, we discuss the XBee with PIC processor code, in this part we also use X-CTU program
to configuration XBee, but hear we define XBee as receiver module, to define XBee as
receiver module we set the following parameter in the X-CTU program as the follow:

@ CH Channel C © @
(i) 1D PANID 3137 & @
(i) DH Destination Address High 0 @3' '{’7 ,'
() DL Destination Address Low 1 ':%1' "?'
(i) MY 16-bit Source Address 10 'é_;' 'Cf '

he X-CTU, now we make the interface between XBee and PIC

After configuration XBee on t . : ' e
atmega328, this process is described in the following piece o1 code:
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n (9600) ;

received0]:

U]

println("PIR =

print (PIR);

00);

received[1l]:

print (LDR);

P O A e

' (200Q)




qecond, interface output circuit with PIC code, output in the system invol
nvolves two parts:

e Lighting.
e HVAC.

Through the sensors values we controlled the oyt
in the classroom and passage in C building

parameters, first parameter light intensity in the’c
in classroom, it was measured light intensity in ¢
intensity inserted between two values [500 to 1000] lux in the summer season. and in the

; '[0 500 1 5 i i i

put, for example we want to control of li ght
control in classroom depending on two
lassroom, second parameter if human exist
lassroom in C building, and we found light

On the other hand, when we want control in the HVAC system we need to two parameters

human exist, and temperature in the room. The followin
: : . d .
lighting and HVAC. g code shows how do you control in

Blwvoid loop () {
PP ECPIR = 0O) 4
Af(Temp <= 20) {
digitalWrite (13,HIGH)
digicalWrite (12, HIGH)
115 if(Temp > 20){
QigitalWrite (13, HIGH)
digical rite(12,0W):
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The above code work as the following steps:

o Ifhuman exist in the room thep s
on lighting and HVAC,

o If human exist and temperature less than 20 C°
temperature greater than 20 C° then HYAC work a

o If light intensity inserted between [20 to 500
o Iflight intensity inserted between [500 to 80

S

ystem is work, existing human is condition for turn

then HVAC work as heater, if
s fan.

] lux, then all lamps are turn on.

o Iflight intensity greater than 800 lux, then j

0] lux, then just two lamps are turn on.
est one lamps is turn on.

5.3.3 Separate Automatic loads Software Design

In this section we will discuss the separate automatic loads code, this code depending on the
measurements values for loads either connect to the supply or dis- connect from supply, this

process is described in the following piece of code:

1 if (average > 2){

digitalWrize (2, HIGH);

Slveid loaop() {
current = analogRead (AD)
LDR = analogRead(Al):
3 02K - Ty v _5.
average = average + (.0264 current s
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5,3.4 Android Application Software Deg;
ign

In IIIiS Section we will diSCUSS the COd l)[) Cat OIl We W des gIl ﬂle
C ! ; e fbr andl' i 1 1
1 l ; 7 Old a 11 1 i i

pigure 5.9 show the welcome interface android applicati
cation,

-n
5

‘ il el p Q0.

Welcome

Android Application

to Control Lamps

Figure 5.9: Welcome Interface android Application
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.

re 5.10 show the interf:ace android application, this interface consists of switch to
ect mobile Bluetooth with HC-06 Bluetooth, and eight switches to turn on or turn off
5 {amps, and additional two switches tq either turn on all lamps or turn off all lamps.

2 Al ™% 2 p Ac0-

Bluetooth Control Ear

Figure 5.10: Interface Android Application
i 10




#include <SoftwareSeri

SoftwareSerial mySeria

ne Lampl

-

LampZ

W N

e Lamp3
Lampé

T e

________ Lamp5

Lamp6
Lamp7

Lengt S0 P8 S =g

w M ~J o »n

Lampg

char wval;

14 veid setup() {

15 pinMode (Lampl, OUTEUT) ;

pinMode (Lamp2, OUTEUT) ;
):

pinMode (Lamp3, OUTFUI

D1
o
3 ITP
Pl Vil

g (LampS, O UT)
(Lampé6, OUTEJT) ;

.......

r--' rMAAe

ek -

pinMode (Lamp8, OUTFUT) ;

!

mySerial.begin (9600);
(9600) ;

Serial .begin

:

1.h>
(101 11) 5

a
1
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278 veid

(
//cek data

~e 3erial from
1B it ( mySerlal.avaiiar:%()

val = mySerial.:ze

nTinetn

s ML ALICLI

(val);

}
[/Lamp is on
BTl val — '1' )} ¢
- ~;r-:a;?:;ue(1ampl,EIGH)

¥ &
HIGH)

2K |

HIGH)
)18 |

HIGH)

HIGH)

3 digitalWrite (Lamp4, HIGH)
)

3 )

Tl -

~No_ LU

(Lamp7, HIGH)

e

B
’

e

~e

P

)
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3=

J/Lamp is off

- G == 10
igitalWrite (I

digit te (Lampa,

else if( val = TR

N o

“

I
g ]
5

d'g'ta;ﬁr;te(Lamp3,
glse At ( val == ip:
digitaliWrxite (Lamp4,
else if( val == g
digitalWrite (Lamps5,
else if( val == 1@
digitalWricte (Lampé,
else Af( val == g
digitalWrite (Lamp?7,
else if( val == 'H?
digitalWrite (Lamp8,
elge if( val == ‘I
digitalWrite (Lampl,
digitaliWrite (Lamp2,
digitalWrite (Lamp3,
digitalWrite (Lamp4,
digitalWrite (Lamp5,
digitalWrite (Lampé6,
digitalWrite (Lamp7,
digitalWrite (Lamp8,
3}
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Chapter Six: Testing and System’s Performance.

—

6.1 Introduction

6.2 Test the Lighting and HVAC Circuit

6.3 Test the Separate Automatic Circuit

6.4 Test the Android Application
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6.1 Introduction

6.2 Test the Lighting and HVAC Circuit

Lighting and HVAC circuit consists of two parts: transmitter part, and receiver part, initially
we will doing transmitter part test, as the previous explanation for transmitter Gt this
section we will doing the test for interface sensors with PIC MCU, and we will doing test
for XBee module to shows how this module transfer data to another XBee module (receiver
part).

First, we show the test for interfacing sensors with PIC MCU, in chapter five we explain
how this sensors connected to the PIC MCU, now we will test this connection, in this test
we shows the sensors values in serial monitor, after that we shows how this values used to
operate our system. Figure 6. 1 shows sensors value in serial monitor.

After interface sensors with PIC MCU and display its values, then this data become ready to
send by XBee module (transmitter side) to another Xbee module (receiver side). Figure 6.2
shows how Xbee module (transmitter side) it works.

Figure 6.2: Xbee as transmitter module
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Existence Human :

Light

{Temperature Value =
flLight Inensity = 209 LUX

Existence Human : YES
Temperature Value = 17

Light Inensity = 209 LUX
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Temperature Value = 1
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Temperature Value = 17 C
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Temperature Value = 15 C

Light Inensity = 241 LUX

Existence Human

Existence Human : NOC

Temperature Value = 20

Light Inensity = 341 1LUX

(@]

(| Autoscroll

L.

Figure 6.1: Sensors yalues in serl
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After we do the transmitter part test, now we vy
KBee module (receiver side) receives data th
“hows the how XBee module (receiver side)

Il doing the receiver part test, in this part the

en use this data to o :
perate system. F 6.3
t works. Y gEe

Figure 6.3: XBee as receiver module

After receive this data we used this data to operate system, we have two scenarios in our
system.:

o There are no people in the room.
e There are people in the room.

The first scenario, when there are no people in the room, the system will never works, all
lighting units and all HVAC units does not works. Figure 6.4 shows the sensors values at

this case.

com4 L= | © i)
V %  Send |
Existence Human @ NO
Temperature Value = 15 €
Light Inensity = 241 LUX
Existence Human : NO
Temperature value = 17 C
Light Inensity = 2098 LUX
Existence Human @ NO
Temperature value = 20 C
Light Inensity = 341 LUX
e s 2 BothNLECR + 9600baud ~
7| Autoscroll
- -4 'O
Figure 6.4: Sensors values in the first scenart
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The second scenario, when there are peo

: le in : s
e have five soenarios, in the all scopar P the room the system begin works, in this case

10s peoples present in the room:
o When temperature value less than the 25 Celsius

o When t.empc.erature value greater than the 25 Cels.ius

o When light intensity inserted between [500 to 700] lux

o When light intensity less than 500 [ux. '

o When light intensity greater than the 700 fux.

To make test for this scenarios we used simple LED, to simulate the HVAC system we used
two LED, green LED and red LED, when green and red LED’s are on this mean that the

heat'er in HVAC it V_VOTkS, when only green LED is on that mean the fan on HVAC it works,
to simulate light units also we used a simple LED’s.

The first scenario, when the temperature value less than 25 Celsius the heater it works, figure

6.5a shows the temperature sensor value, and figure 6.5b shows how system operate when
temperature value less than 25 Celsius.

Existence Human : YES
Temperature Value = 15 C

Figure 6.5a: Temperature value Figure 6.5b: System operate

Figure 6.5: System operate at first scenario

The second scenario, when the temperature greater than 25 Celsius the fan it works, figure
6.6a shows the temperature value in serial monitor, and figure 6.6b shows how system

operate when temperature greater than 25 Celsius.
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figtence Human i YES

Tenperature Value = 28 (

Figure 6.6a: Temperature value 4
Figure 6.6b: System operate

Figure 6.6: System operate at second scenario

The th'ird.scenario, when light intensity inserted between [500 to 700] lux that mean light
i{ltlelnsny v th:J o C;SﬁgOOd, so the only two lighting units are works, figure 6.7a shows
ight sensor value, and figure 6.7b shows how system operate when li L 9,43

petween [500 to 700] lux. P en light intensity inserted

Existence Human : Yes

Light Inensity = 578 LUX
Light Inensity = 645 LUX
Light Inensity = 628 LUX

Figure 6.7b: System operate

Figure 6.7a: light sensor value

Figure 6.7: System operate at third scenario

lux that mean the light intensity in the room
this case, figure 6.8a shows the light sensor
sity less than 500 lux.

The fourth scenario, when light intensity is 500
is not enough and we will turn all light units in , figu
value, and figure 6.8b shows how system operate when light inten
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Txistence Human : Yes

right Inensity = 399 LUX
Ity = 274 LUX
135 LUX

[
|
Q
B3
ct
-4
33
m
(=}
w
™
ct
<
|

]

pignht Inensity

Figure 6.82: Light sensor value

Figure 6.8b: System operate

Figure 6.8: System operate at fourth scenario

ilicllost ss:enario, when light intensity greater than 700 lux that mean the light intensity in
the room is excellent and we will turn only one lighting unit, figure 6.9a shows the light
sensor value, and figure 6.9b shows how system operate when light intensity greater than
700 lux.

Existence Human : Yes

Light Inensity = 785 LUX
Light Inensity = 886 LUX
Light Inensity 905 LUX

Figure 6.9b: System operate

Figure 6.9a: Light sensor value

Figure 6.9: System operate at last scenario

Hint: in the C-building have a large windows, because it the light intepsity is very excellent
in the classroom, and on the most of time We do not -need to turn any llghnngduplt, })ut when
light intensity is excellent we turn oné lighting unit because we are Jocated in classroom

which it must operate at least one lighting unit.

6.3 Test the Separate Automatic Load Circuit

other application in our system, like laptop,

ate : GRS
R d to simulate this other application

Separate automatic load circuit use 0 g .
this circuit we n€

printer, cell phone, and others, to test
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1o but in our module, we use the lamps, this |

. am :
{his current 1S Very close to the other applicati ps when turn on or off withdrawn current,

On current when turn on or off.

When this lamp turn on withdrawn current. thj 3
5.10. » tis current shows in the serial monitor in figure

o0

ek )

e e e f_Send }

Current = 2.04 A R

current = 2.00 A

Current = 1.90 2

Current = 2.03 2 =
urrent = 2.02 A

Current = 2.02 A

Current = 2.03 A

Current = 2.03 A

Current = 2,02 A

Current = 2.02 2

Current = 2.03 A

Current = 2.04 A

Current = 2.02 A

Current = 2.02 A&

Current = 2.02 A

Current = 2.02 A

Current = 2.02 A

Current = 2.02 A

Current = 2.03 2

Current = 2.03 2

Current = 2.02 A : : : 4
AL g BothNL &CR v 9600 baud

Figure 6.10: Current withdrawn by the lamp when Jamp connected to the network

When load disconnected, theoretically the current must be zero, but pra(.:tically the cmregt
will never be zero, after disconnected the load the current values shows in fg%hu'relaldl, this
current represents a lost energy. especially when we have a large numbers of this loads.

An increasing number and variety of consumer devicc?s incprporate Stlartldlby fe:vt:::(si- gf;tw?
a device is in standby mode when the consumer thinks 1t 18 cc:}rlnlt:) e fef,i f:consu;nes nc;
placing the power switch in the OFF position does not guailant.ee isan:t drawing power is to
power, The only way an everyday consumer can be sure a device gp

unplug it from the utility outlet.
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[ send_|

Current = 0.50

A %
current = 0,29 A L
Current = 0.31 A
Carxrent = 0.30 A
Carrent = 0.30 A
Earrent — 0.22 A %
Curren 0.26 A
Current = 0.14 2
Current = 0.16 A
Current = 0.18 A
Current = 0.18 2
Current = 0.18 A
Current = 0.20 A
Curren 0.20 A&
Current = 0.21 A
Current = 0.21 A
Current = 0.22 A
Carrent = 0.22 A
Current = 0.19 A
A

Current = 0.22
T R T A S N RS s
BothNL &CR + 9600 baud

| Autoscrolt

Figure 6.11; Current withdrawn by the lamp when Jamp dis-connected from network

But this solution is not reasonable, because we have a large numbers of loads, for example
C-building has a 90 computer device, it is unreasonable to do my unplug power outlets for

each of these devices.

We will depend on triac when load dis-connected from the power outlets, and when load re-
connected to the power outlets, when re-connect the load we depend in the LI6)R se}rlxsor,
when person re-connect the load the DR value decrease to small value, figure 6.12 shows

how this value changes.

then the PIC MCU send signal to the triac gate to

small, :
When LDR value become Vvery d the load again.

firing the triac then the triac re-connecte
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| Autoscrolt BothNL &CR + 9600 baud

Figure 6.12: LDR values

We simulate re-connected case and figure 6.13 shows the voltage of triac when the triac is
firing, after the triac is firing the load is re-connected again.

Figure 6.13: voltage of triac when triac is firing
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the Android Application

ction we will doing a test for mobile

to test the efficiency of the mobile applic application, initially we make test on simple

ation on our system.

us doing the test, we will talk aboy .
e main parts: t control interface, the control interface consists

o Find Bluetooth Device.

o Connection to the Bluetooth, and control all lichti .
Lt ; ighting units t
o Control the lighting units individually. g units together.

3 Figure 6.14 shows the three parts for control interface.

Bluetooth Control La..

Find Bl uetb&h Devwe ke,

Connection, Control all
Lighting Units

Control the Lighting
Units Individually

obile application

Figure 6.14: Control interface for m
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The following steps explain how mobile application was tested:

1) The first step, when running the application the message in figure 6.15 it will appear

wsishdl u3| wlb

Ly U ovsh Jutuid by pas Subidl wlbi
Sl rlowdl

v pe
Figure 6.15: Message that appear when application is running

The user must choose the first option (Yes), when user choose the first option the
message in figure 6.16 it will appear.

uygl.dl u)! b

Lwgish Jwas

Figure 6.16: Message that appear when Bluetooth is running

After running the Bluetooth mobile, the user go to the next step, namely find
the Bluetooth devices was comected.

2) The second step, find the Bluetooth devices that connected, the user mus;t be tcﬁu:kt 112
the (Find BT Device) icon, then choose the correct B.luet_ooth dev1c;>, a e:h da ;
user must click in bottom (connection) to connect application to the B uetoc;) . ewcz
that connected to the our system. Figure 6._17a.shows how we find BT device an
figure 6.17b shows how connected this application to our system
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th Control La

HC-06 20:15:12:22:87:90

Find BT Device

Tutorial

Figure 6.17a: Find Bluetooth device Figure 6.17b: Connect BT device

Figure 6.17: Find and connect BT device

4) The third step, the user chose if he want to control all lighting unit together, or he
want to control lighting unit individually. If user want to turn on all light units then
he must click on bottom (On All), show figure 6.18a and figure 6.18b. If user want

to turn off all light units he must click on bottom (Off All), show figure 6.19a and
figure 6.19b.

Figure 6.18b: System operate

Figure 6.18a: Bottom on all is active

Figure 6.18: System operate when bottom on all is active
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Figure 6.19a: Bottom off all is active Figure 6.19b: System operate

Figure 6.19: system operate when bottom off all is active

5) The fourth step, the user chose control light units individually, through the selection
the lighting unite number, that user to be controlled either on or off, figure 6.20a and
figure 6.20b shows how user control light units individually

Figure 6.20b: System operate

Figure 6.20a: Lamp number that have

been selected to be active Rl iog . b
Figure 6.20: System operate when user selection lighting units numbers
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Chapter Seven: Energy Consumption after Apply Smart System

A’

7.1 Introduction

7.2 The Consuming System after we Apply the Smart System
7.2.1 Lighting System
7.2.2 Heating ventilation and air conditioning (HVAC) system
7.2.3 Office and Building Equipment

7.3 Total Electrical Energy Consumption after Applied the Smart System

7.4 Power Factor Correction and its influence on Grid
7.4.1 Design a Power System in Matlab/Simulink
7.4.2 Capacitor Bank Calculations
7.4.3 Power Factor Correction Smartly

7.4.4 Benefits from Correction the Power Factor
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7.1 Introduction

7.2 The Consuming System after we Apply the Smart System

From the previous chapters we know that the smart system that will be designed is to reduce

and saving the energy consumption in each consumi :
. g Ing system in the buildi i
on the function of the electricity distribution in these sys}’;ems e

In this section we make an estimation for the electri
. : ctrical energy that the i i
in each consuming system in the building. gy smart system 1s saving

As we know the consuming system in C- building is:

o Lighting System.

e HVAC System.

e Office and building equipment system.
o Other application.

7.2.1 Lighting System

We calculate the total energy that the lighting system in building “C” is consumed in chapter
three and its (121849 kwh/year).

In the lighting system there is two scenarios we will doing to reducing and saving the

electrical power, this scenarios are:

1. Replacing the CFL lighting unit with LED lighting unit.

At this step we want to replacing the CFL lighting unit that using ip C- building with
LED unit that consumed less power and achieve the same.fun.ctlon, we must note
that this replacement dose not offect on the function of the lighting.

¢ Philips LED unit and make a comparison

unit we chose th C
d LED unit that we want to

that used in the building an
this comparison.

After we study the LED
between the CFL unit
replacing with it, table 7.1 shows
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-

s T T —

Tabl ; i
¢ 7.1: Comparisop between CFL unit and LED unit

Lighting Type

i dPower | 2wt 18 e T S

_____ Average Life Span 8000 P 1 .
- Presence of Mercury T?‘?r?isf‘?é};my'use’ i S e
| oaRdesng | Moeherrsming | s hetclmin

From the abO\{e table we note that the LED unit is better than CFL unit and consumed less
energy and doing the same function.

There is three type of CFL unit that suing in C-building;

o CFL consumed 23 watt.
e CFL consumed 18 watt.
e CFL consumed 11 watt.

We replacing all these type with LED unit that consumed only 8 watt, and at the end of this
scenario we can saving (15187 kwh/year).

2. Applying the smart system that will be designed on lighting system.

After we replaced the lighting unit as in the previous scenario we apply the smart
system that we designed on all lighting unit in the building and make an estimation

for the amount of energy that will saved.

At the end and after we make our estimation we can say We saved (47397 kwh/year)
at lighting system, and the new consumption for lighting system after apply the

system is (74333 kwh/year).

7.2.2 Heating ventilation and air conditioning (HVAC) system

As we know there is tow system for air conditioning that use in the C-building:
e Split units. '
o Central group air condition units.
tem consumed (103217 kwh/year) but
The previ Jation showed that the HVAC sys . _
aﬁerzvev;ggiycglucru;nm system that we designed 1n the project we estimate that the HVAC

system consumed (79313 kwh/year).
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Table 7.2:

Heating Ventilation and aiy Condlthnlng(HVAc) LI
System - NO - Relater Fh '

~ Power (KW); (h/day) = Operation 1Coni§

CgplitwmitSmall | o B Gy |
 capacity) | SRS 195 | 3016
eapacity) | | | S 007 9419065
B 0 | 27 | 57 | 1me22 |
| 7931385 |

At the end and after we make our estimation we can say we saved (23904 kwh/year) at
HVAC system.

7.2.3 Office and Building Equipment

From previous we note that the office and building equipment system is consumed (79235
kwh/year) before we apply our smart system. At this consuming system our smart system
saved the energy consumed by cutting off the power from the device in the period that the
device is consumed power without using it usefully.

We estimate the time that the smart system cutting off the power that we don’t using it useful
and estimate the new energy that the office and building equipment system is consumec.l after
we apply our system and its ( 62490 kwh/year). Table 6.3 shows the energy consumption by
the office building equipment after smart system applied.

At the end and after we make our estimation we can say we saved (16744.7 kwh/year) at

office and building equipment system.

105



applied

Office and Building Equipment’s

~ Equipment’s | NO o (IZrW) - (Wday) Operation I Consumption

B ;

Computers 110 ‘ 0.25 3 % 594 ?H 16335

, B ors | , . 5 | 7847.334

{

Copis | 2 0096 | 1s | w1 | sao

WUwbsnes | 15 02 24 am | wowre
: Boilers 6. A 2 4 1 198 | o376

T 3 |

Elevators ae ol 4 s | = .

Fax | 14 | 00062 | 4 | 70 | 689676 |

B | 6 | 03 | 3 | se4 | 19602 |
' 62490.80376

7.3 Total Electrical Energy Consumption after Applied the Smart System

At this section we summarize the total electrical energy consumptjon b)_/ all the cgnsuming
system in C- building after we apply the smart system that we desi gned in the project.

In table 7.4 we mention the consumption for each consuming system in C- building.before
and after apply our smart system and calculation the amount of energy that we saved in each

consuming system.
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Total electricity consumption

before

andiafter apply the smart System

system Cgl‘l;:s W Consumption after apply = Saved energy
Lighting w/ year) = (KWh/year)
| system 121849 = e
HVAC system 103217.4
Office and bl Ll
building 78235.5 62490.8 16744.7
- Other ‘
application #5822 3500 | 10822

In figure 7.1 we show the consumption for each consuming system in the C- building before
and after we apply the smart system that we designed in our project.

CONSUMPTION FOR EACH SYSTEM BEFORE
AND AFTER WE APPLY THE SMART SYSTEM

1 400661849 (kwh/year)
120000
100000 74333
80000 e
60000
40000 4
20000
0
Lighting
system

™ Consumption before apply the system (kwh/year)

(kwh/year)

Figure 7.1: Co

103217.4(kwh/year)

(kwh/year)

Heating
ventilation
and air
conditioning
(HVAC)
system

nsumption for each system befor

79313(kwh/year)

79235.5(kwh/year)

62490.8(kwh/year)

4582.2(kwh/year)

3500(kwh/year)
P 4
Office and Other
building application
equipment

(kwh/year)
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scribe the o]d -building
{he system and the new total consumption ang :’}::lllconsumpuon of the building before apply
C-building we calculate the total energy saved in all

e ey savedinG. building after apply the smart system

Fotal energy saved in C -building after apply the smart system

Total energy consumption :
before apply the smart system  after apply the smart - Total energy saved in “C”
(kw ystem £om
fycer) g (kwhiyear) building (kwh/year)

308884.261 219636.412 L

Total energy consumption

89247.849

"

st

- After we doing all of these observation we say that our smart system that we applied on C-
- building saved (89247.849 kwh/year) in year. Also we can say in other term that our smart
system that applied on C-building saved 63565 (NIS/year).

Figure 7.2 shows the percentage of energy saved is 29% from total consumption.

Total energy saved in C- building after
apply the smart system

Total energy
saved in “C”
building
(kwh/year) e
29% 33

-~ Total energy
consumption
after apply the
smart system
(kwh/year)
71%

Figure 7.2: Total energy saved after apply the smart system
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7.4 Power Factor Correction and js Influence on Grig
Il

7.4.1 Design a Power System in Matlab/Simulink

After we know the imp'ortant of power factor in reducing the wasted energy we need to
maintain the value of this power factor in the building close to 0.95 and to do this we need

o design a smart system that work to improve and correction the power factor automatically
to this value.

Our smart system that we designed is correction the power factor through connect the
capacitor bank with load to make the improvement. We designed a smart system to make a
correction for the power factor, in this system we suppose the load and study the effect of
improving the power factor in grid.

Tn our system and because we can’t apply the system on the load in C- building practically
and for more flexible we designed the network and we suppose load in the Matlab/Simulink
as shown in figure 7.3, this network contain 3-phase source and transformers and overhead
transmutation line and supposing load.

We suppose a load with real power (1000 kW) and reactive power (619.7 kvar) and make a
calculation for the capacitor bank to improve the power factor according supposing load.
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7.3: C-Building Network in Matlab/Simulink
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2

Figure 7.4 shows power factor calculation in Simul; :
calculate and measure the value of power facto:niﬁznk: according to this figure we can

1 i : 0 we compared th
factor to control the capacitor bank After simulation and beforg th R of =
pank, the value of power factor is 0.85. e connecting capacitor

o

To Workspace

P u?
From Math
Function
g —E
Q u? Display2
From{ Math
Function1 SEE

Compare
To Constant

» >=0.8

— =N

Compare Display

To Constant1

7 4: Power factor calculation in Simulink

this figure we can see the value of

Figure 7.5 suring in Simulink, form .
- e 3 figure 7.6 shows FFT analysis for

THD in C-building network, the value of THD is 0.81%,
THD.
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Signal

True RIS

Scope 1
N| '
THD (%)
Signal D
THD %)
Scope 2
7 5. THD measuring in Simulink
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7.4.2 Capacitor Bank Calculatiopg

fercaloulats the value of the reactive Power according to the below equati
quation:

Qc =P [ (tan(61)) — tan(62))] 7.0)
Where:

Qc: Reactive power (Var).

P: Real power (watt).

®1: Phase shift between voltage and current in the first PF.

Where ©1=cos™® PF1 and PF1 the present power factor.

@2: phase shift between voltage and current in the second PF.

Where ®2= cos™* PF2 and PF2 the power factor that want to reached.

Then we calculate the value of capacitor bank according to equation (7.2).

Asramaile (7.2)

21tf*Vrms”2

Where:
C: Capacitor bank value (Farad).
Qc: Reactive power.

f: Frequency.

After this we make a simulation for our designed network in the Matlab/Simulink program,

the power factor was (0.85) before we make a correction as show in the figure 7.7.
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Figure 7.7 Power factor before we make a correction [PF=0.85]

In the second step we want to improve this power factor through connect capacitor bank with
the load, we make a calculation for this capacitor in the following paragraph.

After that we make a correction for power factor, as we talked previously we corrected power
factor through two stages.

To correction the power factor we have two stages:

o Correction the PF from (0.85 to 0.9).
o Correction the PF from (0.9 to 0.95).

First stage, correction the PF from (0.85 to 0.9),at this stage we want to make a calculation
for the first capacitor bank that make a PF from the value 0.85 to the value 0.9.

According equation (7.1)

®1=cos™10.85
= 178D

®2=cos™1 0.9
=25.891

Qc = 1000 [ (tan(31.782)) — tan(25.891)]
= 135.241 Farad.

The value of first capacitor bank is 135.241 Farad.
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gecond stage, correction the PF from (0.9 ¢ 9

: o i
for the second capacitor bank that make g Pp )2t hisstage we want to make a caloulaion

from the valye 0 9 to the value 0.95.
According equation (7.1)

@1 =cos™* 0.9
=25.891

@2 = cos™* 0.95
=18.195

gc = 1000 [ (tan(25.891)) — tan(18.195))]

= 155.671 Farad.
The value of first capacitor bank is 155.671 Farad.

The first capacitor bank is (155.671 Farad) and the second one is (135.241 Farad).

After we calculate the value of the capacitor bank that we want to use in the correction, we
shown below the power factor in each stage of correction with calculation capacitor.

When the system connect the first capacitor bank the power factor is improvement to become
(0.9) as shown in the figure 7.8.

o I T T | l [ l |

l | | ‘ '

utrage Real nd Reactive power
|

U
e e et e

Figure 7.8: Power factor in the first stage of correction [PF=0.9]
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And when the system needed to connect ¢,

W0 | [ F\’—\"’\r\’_
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(st

wa | | | | 1 |

- T T I Averago Real and Reselivo power
I I ] [ ]

00 004 006 008 o1 0f2 [} 016 018 02
Figure 7.9: Power factor in the second stage of correction [PF=0.95]

In the next section we explain how the system connect the capacitor bank with load to
improve the power factor.

7.4.3 Power Factor Correction Smartly

In the previous section we corrected the power factor, in tl_lis section we malfe thi.s correction
smartly, smart system in this section works as the followmg: the Matlab/Simulink program
calculate the value of power factor and send this value w1reles§ly to th; PIC MCU,'the PIC
MCU received the value of power factor and make a test for this va'lue if its need to n:ﬁ)roze
or not, if it need to improvement the PIC MCU connect the capacitor bank (practlc 3;t e
capacitor bank represented by LED’s) to improve the value of power fac(:itor‘mlour1 Syts etIll:
after PIC MCU connected this capacitors then PIC MCU send comman g:;zreisozr ezﬁoz
Matlab to correct power factor in simulation, figure 7 .10 shows the power

Smartly.
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Laptop

Matlab o)

Figure 7.10: Power factor correction smartly circuit

7.4.4 Benefits from Correction the Power Factor

In our project we make a special system for correction and improvement the power factor
(PF), why we doing this?

as we mention in the previous the power factor is simply the m.easuring of how efﬁf:iently
we using the power, so in this section we want to explam the %mp‘ortant of correction the
power factor and calculate the amount of power that this correction is saved.

Hint: the calculation done on the supposed load.

First, we discuss the benefits of power factor correction, the benefits of improved power

factor clarified through the following points:

1. Improved the voltage: a low power factor causes a high current flow to the load, and

i i too and
rad ltage drop in the conductor increase
when the current flow is increase the voltag ; sl
. in the voltage in the equipment SO whc?n we improve the p
[0 oo mprove the voltage at the

: el
factor the voltage drop in the conductor 18 reduced so w
equipment.

aved energy: the loss in the conductor in the

2. Reduced the power system 10ses and s ared according to P loss =12 * R so when

system are proportional with current squ
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reduce your electricity bill.

4. Reduced carbon footprint: by reducing your power system’s demand charge through
porer factor correction, your company is putting less strain on the electricity grid
thereftor.e red.ucmg its carbon footprint. Over time, this lowered demand on the’
electricity grid can account for hundreds of tons of reduced carbon production, all

thanks to the improvement of your power system’s electrical efficiency via power
factor correction.

5. At the end we can say saving money is the benefit form correction the power factor.

Now we want to calculate the amount of energy that we can saved from the correction, this
calculation is doing on the supposed load (real power (1000 kW) and reactive power (619.7
kvar).

We can calculate the reduction factor according to equation (7.3)

: original PF"2
reduction factor = 1 — (—m) (7.3)

In our supposed load the reduction is:

: Sy (199
reduction factor = 1 — (5557

Since the energy loss before the correction was 29 of the real power so the reduction is

1000 kW * 0.02 * 0.199 = 3.988 KW energy saved.
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Chapter Eight: Conclusions and Future Works

e

8.1 Introduction

8.2 Main Challenges

8.3 Acquired Learning Outcomes
8.4 Conclusion

8.5 Future Works
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8.1 Introductions

8.2 Main Challenges

Many problems, challenges, and issues have been rajsed durin

Many experiments, suggestions, ideas and researches have been
different situations. Some of these challenges are:

g the work on the project.
carried out to deal with the

(BN X-CTU software that is designed by Digi to interface its XBee transceivers. The
problem is that X-CTU was unable to store any measured data or received packet, it
can only shows the information on the screen. However, storing the information was

essential in order to plug these data in our monitoring system for further processing.
So to overcome this problem we store this data in file in internet.

2. We faced a big problem in Bluetooth device, HC-05 BT, used in our project does not
connect to our laptop, so to overcome this problem we re-programmed the all BT
deceives, this programmed was very difficult, because the BT device usually come
already programmed from its manufacturing.

3. In this project we used many components such as, XBee, PIC MCU, and others each
component has a special program to deal with it, and programming languages is not
homogeneous for all programs, so we face a big problem when connect all this
components with each other.

4. The current of PIC MCU is 40 mA, this current is very small, when make a test we
used a simple LED, this LED withdrawn a very small’current, for example when
connect an eight LED to the PIC MCU this eight LED withdrawn less than a 40 mA,
so the PIC MCU can cover this current, but in our module we used a lamps (230
volt), and this lamps withdrawn a big current when connect to the PIC MCU, s; ﬂ}:e
PIC MCU does not cover this current, to overcome this problem we used the

ULM2083 to maximize the current value.

ge was having to dedicated lab in the university
bad to spend most of our time working of the
time and killing the creativity. So we wish that
he graduation project lab for next

5. Finally, the most important challen
for graduation project. It was very
corridors, this was a sort of wastmg ;
the electric department will provide reopen

coming students.
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8.3 Acquired Learning Outcomeg

After accomplishing the project tasks, many abilities have beep achieved
as.

1. We have learnt Android programming lan 3
phone application, and how to deg] Wl%h angllage that is used t
depend on it to build a mobile application

. 0 program the mobile
droid developer tools program, which we
to control the lamps in the room.

2. Wehave leamt the Arduino programmin

e - g language that i
and BT device, in order to send and rec g use to program XBee shield,

eive our data.

3. We have developed our abilities in troubleshooting and problem solving,

8.4 Conclusions

After accomplishing the project task, we will summarize the most important results that we
have obtained:

1. We have accomplished all the project task, which mentioned in the introduction of
the graduation project.

2. We achieved efficient use of energy in the different consuming system in C-
building and canceled and reduced the wasted energy in each system, in the lighting
system we saved (47397 kwh/year) and in the HVAC system we saved (23904
kwh/year) and in the Office and building equipment we saved(16744.7 kwh/year).

3. In our project we make a power factor correction by connecting capacitor bank, so
we achieve reducing in the power loss in the system and reducing the voltage drop
on the equipment and all of this mean reducing in wasted energy.

we achieve saving in money through many

way at first saving in the wasted energy in the consuming system .in the C-building
mean saving in the cost of this energy and from other hand saving in the loss energy

I i tion
i ductor in the grid) by power factor correc
in the power system (loss through con .
al 3 . n rfloney also improved the voltage by correction the power factor
ey C voltage drop so it save money too.

saving the equipment damage from

4. Tn the economic aspect, in our project

i ine that our project achieve is
. re important thing t :
sl e o mtcl)le carl?on footprint on our world and this done

i reducing j . :
2o ?nwronment;;dtion of energy so reducing the production 1(1)f tgus inferg]y
Ey reductljng thil cotﬁir foisil fuels so reducing the damage effect of this fossil tuels
om carbon and 0

on the environment.
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audit energy for C-building, it v
building the proportion of consumpt
and we save around 63565 (NIS/year)
We have make economic study f; .

or :
that, if we want to apply the ¥ for our project, through this economic study we see

project to the all C- building the init; i
: t
90,000 NIS, then payback period for our project will be aroindel 12 lylea;:rg e

8.5 Future Works

There are several ideas that could be implemented on our system in the future to measure or
improves its performance.

Il

Development the smart system by adding the other controller parts, such as doors
control, windows control.

The system can use a camera to control outside the room or to provide the person
with additional information about the outdoor.

Adding some features to the system in order to be placed in any security system, such
as alarm smart system against theft and fires.

Modifying the system to operate on the human voice.

Expansion the smart grid to include the repair faults in the network, and monitor the
other parts in grid like fluctuation on voltage.

Production of smart controller unit and marketed in local markets.
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APPENDIX

\

0 requiring capital expenditure shall be evaluated to see if it i
anomically justifiable. The evaluation can be done using the
ng methods.

Simple Payback Period

Thepayback period is the number of years required to recover the
aptalinvested.

This method is simple in calculation, which normally excludes the
‘ongderation of timing of cash flows, inflation rate, interest rate
Uof capital cost, depreciation, opportunity cost, etc. Its accuracy
however will usually be within reasonable range.

Payback Period = inital capital cost / (yearly benefit - yearly cost)

heimiestment, f any, can be added tothe yeary benefit

Costing Calculation

Net Present Value (NPV)

The NPV takes into account more systematically the time of cash
flows, cost of money including interest on the capital cost
investment, life time of equipment/installation, etc., which can
better reflect the effectiveness of the investment, This method
gives a present value to future earnings, which are expected to be
derived from an investment,

where NCF = net cash flow at year end t
(positive for savings and negative for expenditure)

I = interest rate
n = years of econorric fe of equipmentAnstaliation

For better accuracy, the net maiqtenance cost, interest on capital 7.0y concept recogises hatthe onger the te the money
105t net depreciation, opportunity cos.t,' et'c. can be added tothe gained the les atractive the investment becomes, 2 eturns for
Jealy cost. Liewise, the et produciviy incease esulted 1O et vear e progressively discounted with e




gample:

folowing example shows the payback period for replacing
i 0s. Of electromagnetic ballasts with electronic ballasts, each
ging 2 single T8 36W (1 200mm) fluorescent tube. Each elec-
anic ballast costs $120 to purchase and install. The operating

I
s are 10 per day, 6 days per week and electricity cost is $0.9
el kWh.
Wube at 50 Hz operation 36Wj
// . .
{lighting system power with electromagnetic ballast 48W
lghting system pOWer with HF electronic ballast 36W
llighting power saved = 48W - 36W 12W
*[Energy saving per year per lighting
| 10hriday x 6 daysiweek x 52 weeks x 0.012kW 37 44kWh
* nergy saving per year for 400 lightings 14,976kWh
t37.44kWh x 400
7

it captal cost = §120 x 400 = $48,000

|

Internal Rate of Return (IRR)

The IR is a measure of the return in percentage to be expected

on a capital investment. This takes into account the similar
aspects as for NPV, with

CNPV= 3 NCF X U1 +IRRE=0 |
& J

N

The higher the IRR the more cost effective is the investment.

Many financial calculators and spreadsheet computer programmes
can calculate both NPV and IRR quite readily.

Yeaybenefit or cost savings = 14,976 kWh x $0.9kWh = §13478

Yearly cost = 0

- [assuming no additional maintenance cost and depreciation cost

and o cost of interest on the inital capital cost)

* PajhackPeriod = (548,000)/(§13478 -0)= 36years
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ACS712

res and Benefits
Low-20ise analog signal pad:
s Device bendwidth is sst via the new FILTER pin
B spswwmﬁme In reSpOnse 1O Siep input current
Tocal cutput exror 1.5% & T,=25°C
Simall footprint. low-profile SOICS package

Description
The Allegro® ACS712

solutions for AC or D
comme

provides economical and precise
g C current sensing in industrial,
rcial, and communications systems. The device
package allows for easy implementation by the customer.
Typical applications include motor control, load detection and

: 12 =0 imermal conducior RslsEnee 5 r management, switched-mode power suppliss. and overcurrent
s 21 £V s minimum isolation voltage from pins 1-4 to pins 5-8 fault protection.
', 50V single supply opemation The devi : " :
\, & 1 185 mV/A cutput seasitivity S SVice consists of a precise, low-offset, linear Hall
!, Quwpst voitage proportional 1o AC or DC curreass sensor cu'cgzt vtuh & copper conduction path located near the
|, Factory-zimmed for accuracy surface of the die. Applied current flowing through this copper

» Extemely smble output offset voliage
{» Nexiy zem0 maguetic hysteresis
» Ratiomegic cusput fom sepply volge
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(€ @ TEen. cus

' Package: 8 Lead SOIC (suffix LC)

Appeemaete Scale 11

conduction path generates a magnetic field which is sensed
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Fully Inteorqy
\C 871 2 2.1 kVRMS Vol ége Is‘;‘fag:l’fl szl"ectI:Based Linear Current Sensor with
na a Low-Resistance Current Conductor
e
soription (continued)

The thickness of the copper conductor allows survival of
| device at Up to 5 overcgrrent‘condiﬁons. The terminals of
conductive path are electrically isolated from the sensor leads
55 through 8). This a'ﬂ!ows the ACS712 current sensor to be
Lin app]ications requiring elgctrical isolation without the use
bpto-isolators or other costly isolation techniques.

The ACS712is provided in asmall, surface mount SOIC8 package.
Tl?e leadframe is plated with 100% matte tin, which is compatible
withstandard lead (Pb) free printed circuit board assembly processes.
Internally, the deviceis Pb-free, except for flip-chip high-temperature
Pb-based solder balls, currently exempt from RoHS. The device is
fully calibrated prior to shipment from the factory.

slection Guide
e —
part Number Packing* (ICA) Optimized Range, I, | Sensitivity, Sens

e A T V.
cs712ELCTR-058-T Tape and reel, 3000 pieces/reel —40to 85 - (Typ (02
- —————— 15 185
(;8712ELCTR-20A-T Tape and reel, 3000 pieces/reel 40 t
e 0 85 +20 100
'cs712ELCTR-30A-T Tape and reel, 3000 pieces/reel —40to 85 +30 66
pontact Allegro for additional packing options.
jsolute Maximum Ratings
‘ Characteristic Symbol Notes Rating Units
upply Voltage Vee 8 Vv
feverse Supply Voltage Vree -0.1 v
Jutput Voltage Viout 8 v
Mse Output Voltage VRiouT -0.1 Vv
| Pins 1-4 and 5-8; 60 Hz, 1 minute, Ty=25°C 2100 Y
kinforced Isolation Voltage Viso Voltage applied to leadframe (Ip+ pins), based 184 v

on |IEC 60950 peak
‘ Pins 1-4 and 5-8; 60 Hz, 1 minute, Ty=25°C 1500 \"
sic Isolation Voltage Viso(bsc) Voltage applied to leadframe (Ip+ pins), based 354 v
- on IEC 60950 peak
uput Current Source liouT(Source) 3 mA
tput Current Sink o 10 mA
Nercurrent Transient Tolerance Ip 1 pulse, 100 ms 190 a8
bminal Operating Ambient Temperature T Range E ~40t0 85 °C
‘aximum Junction Temperature T (max) 165 v

0

mmperature T -85 to 170 C
o o
___Parameter Specification

‘Fite and Electric Shock UL 60950-1:2003
| EN 60950-1:2001

CAN/CSA-C22.2 No. 60950-1-03

Allegro MicroSystems, Inc.

115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 US.A.
1.508.853.5000; www.allegromicro.com




Fully Int
2.1 kVRMS Vo, t;g:alge‘j’ H all Effect-Based Linear Current Sensor with
olation and a Low-Resistance Current Conductor

Functional Block Diagram

<

1

1

i Hall Current
' Drive
1

1

1

TAllegto,

115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com
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| 5 Se 3
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i : Offset Adjust i -
i | |
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" il
i
'\
" Pin-out Diagram

1P+ [T 8] vee
1P+ 2] 7] ViouT
| 1P- [3] (6] FILTER
|
{ iP- [4] [5] GND
| ,
; Terminal List Table
Number Name Description
E 1and 2 1P+ Terminals for current being sensed; fused internally
3and 4 IP— Terminals for current being sensed; fused internally
, 5 GND Signal ground terminal
E 6 FILTER Terminal for external capacitor that sets bandwidth
| 7 VIOUT Analog output signal
? 8 vce Device power supply terminal
5\
Allegro MicroSystems, Inc.




 philipS jeilnductors Product specification
| Triacs " :
|
BT137 series
GENERAL DESCRIPTION QUICK REFERENCE DATA
ivated triacs in a plastic envelope, SYM

i ?esﬁded for use in applications requiring BOL | PARAMETER MAX. | MAX, | UNIT
high bidirectional transient and blocking

yoltage capability and high thermal Exfare | 600 | 800

ocio, patermance, | Typieel | B3 | 8906
 gpplicatio o iti ;
;%% L domestic lighting, heating DRM 5;{):522/6 peak off-state 600 800 Y
‘and static switching. Irrus) RMS on-state current 8 8 A
‘ TSM Non-repetitive peak on-state 65 65 A

current

; Although not recommended, off-state voltage
Witch to the on-state. The rate of rise of curren

June 2001

s up to 800V may be ap
t should not exceed 6

Alus.

| PINNING - TO220AB PIN CONFIGURATION SYMBOL
[ PN DESCRIPTION
tab O
1 |main terminal 1 /\
2 |main terminal 2 Jie - 2 L T
(| 3 |[gate
‘,' tab |main terminal 2 123 G
' LIMITING VALUES
 Limiting values in accordance with the Absolute Maximum System (IEC 134).
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
-609 -800
| Voru Repetitive peak off-state - 600 800 \
; voltages
| hrus) RMS on-state current full sine wave; Ty, < 102°C = 8 A
| trsm Non-repetitive peak full sine wave; T, = 25 “C prior to
on-state current surge
t=20 ms - 65 A
b t=16.7 ms - 71 A
|| Bt ’t for fusing t=10ms = 21 A’s
dl/dt Repetitive rate of ;{se of IdTlMl=t12 6\2 I(/;-\/ =u <SJ.2 A;
! on-state current after c/at =u.
; ; T2+ G+ - 50 Alus
. triggering T4 G- - 50 Alus
‘; T2- G- - 50 Alus
| T2- G+ = 1 2O A/ALS
| lom Peak gate current 2 5 v
; \écm geall: gate voltage L 5 W
| | Fom eak gate power : = 0.5 W
| Peyy Average gate power over any 20 ms period 40 150 C
%19 (S)torage temperature - 125 ‘C
(1Y perating junction
| | |temperature
s

plied without damage, but the triac may
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Philips Semiconductors

Product specification

m—

Triacs

BT137 series
THERMAL RESISTANCES
PARAMETER
FSQYMBOL = | t fCONDITIONs MIN. | TYP. | MAX. | UNIT
ermal resistance ull cvcle
o J_H?ctlonlto motuntmg base |half gycle 3 Z %2 m
Ry ermal resistance in free air y ]
=" junction to ambient I S 60 ¥ KW
STATIC CHARACTERISTICS
T, = 25 °C unless otherwise stated
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. MAX. UNIT
. BT137- F ...G
Ior Gate trigger current Vp=12V; ;1 =0.1 A
T2+ G+ - 5 35 25 50 mA
T2+ G- - 8 35 25 50 mA
T2- G- - 11 35 25 50 mA
y T2- G+ - 30 70 70 100 mA
I Latching current Vp=12V;lsr=0.1A
T2+ G+ - 7 30 30 45 mA
T2+ G- - 16 45 45 60 mA
T2- G- - 5 30 30 45 mA
_ T2- G+ - 7. 45 45 60 mA
Iy Holding current Vp=12V; Igr=0.1A - 5 20 20 40 mA
Vr On-state voltage ;=10 A - 1.3 1.65 V
Var Gate trigger voltage Vp=12V;1;=0.1 A 0.7 1.5 \Y
Vp=400V; I:=0.1A; 025 | 04 - Vv
T,=125°C
I Off-state leakage current \/ 1\£DRM s - 0.1 0.5 mA
DYNAMIC CHARACTERISTICS
T, = 25 °C unless otherwise stated
SYMBOL |PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
BT137- oF ...G
dVp/dt Critical rate of rise of Vou = 67% Vprumax) 100 50 200 250 - V/us
off-state voltage T, = 125 °C; exponential
waveform, gate open
circuit
dV,,/dt |Critical rate of change of VDM = 4080 V; T;=95°C; - - 10 20 - Vius
commutating voltage
i TfR"T/dt = 3.6 A/ms; gate
open circuit
tg( Gate OontrO”ed turn-on TM =2 A VD VDRN‘(max) = = = 2 = pus
time le=0.1A; dly/dt =5 Alus
June 2001 2 R
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LM35 Precision Centigrade Temperature Sensors

—

Features

Calibrated Directly in Celsius (Centigrade)
Linear + 10-mV/°C Scale Factor

0.5°C Ensured Accuracy (at 25°C)

Rated for Full =55°C to 150°C Range
Suitable for Remote Applications
Low-Cost Due to Wafer-Level Trimming
Operates from 4 V to 30 V

Less than 60-pA Current Drain

Low Self-Heating, 0.08°C in Still Air
Non-Linearity Only £%°C Typical
Low-Impedance Output, 0.1 Q for 1-mA Load

Applications

Power Supplies
Battery Management
HVAC

Appliances

Basic Centigrade Temperature Sensor

(2°C to 150°C)
+Vs
(4Vto20V)
I
| ouTPUT
LSS 0mV + 10.0 mVv/°C

Al

3 Description

The LM35 series are precision integrated-circuit
temperature devices with an output voltage linearly-
proporhonal. to the Centigrade temperature. The
LM35 device has an advantage over linear
’gemperature sensors calibrated in Kelvin, as the user
Is not required to subtract a large constant voltage
from the output to obtain convenient Centigrade
scaling. The LM35 device does not require any
extemal_ calibration or trimming to provide typical
accuracies of +%°C at room temperature and +%°C
over a full =55°C to 150°C temperature range. Lower
cost is assured by trimming and calibration at the
wafer level. The low-output impedance, linear output,
and precise inherent calibration of the LM35 device
makes interfacing to readout or control circuitry
especially easy. The device is used with single power
supplies, or with plus and minus supplies. As the
LM35 device draws only 60 pA from the supply, it has
very low self-heating of less than 0.1°C in still air. The
LM35 device is rated to operate over a -55°C to
150°C temperature range, while the LM35C device is
rated for a -40°C to 110°C range (-10° with
improved accuracy). The LM35-series devices are
available packaged in hemetic TO transistor
packages, while the LM35C, LM35CA, and LM35D
devices are available in the plastic TO-92 transistor
package. The LM35D device is available in an 8-lead
surface-mount small-outline package and a plastic
TO-220 package.

Device Information!?

PART NUMBER PACKAGE BODY SIZE (NOM)
TO-CAN (3) 4,699 mm x 4.699 mm
TO-92 (3) 4.30 mm x 4.30 mm
LM35
SOIC (8) 4.90 mm x 3.91 mm
TO-220 (3) 14.986 mm x 10.16 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Full-Range Centigrade Temperature Sensor

+V5

|
LM35 Vour
I =w

2V

Choose Ry =—Vg /50 pA
Vout = 1500 mV at 150°C
Vout =250 mV at 25°C

Vout =-550 mV at -55°C

t addresses availability, warranty, changes, use in safety-critical applications,

B is data she
A An IMPORTANT NOTICE at the end of this e N DATA.

intellectual property matters and other important discla
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‘eatures
High Performance, Low Power AVR® 8-Bit Microcontroller
Advanced RISC Architecture
_ 131 Powerful Instructions — Most Single Clock Cycle Execution
_ 32 x 8 General Purpose Working Registers
— Fully Static Operation
~ Up to 20 MIPS Throughput at 20 MHz
- _ On-chip 2-cycle Multiplier
High Endurance Non-volatile Memory Segments
— 4/8/16/32K Bytes of In-System Self-Programmable F
(ATmegad8PA/88PA/1 GBPA/328P) % o oaem mgitiory
- - 256/512/512/1K Bytes EEPROM (ATmega48PA/88PA/168PA/328P)
- 512/1KAK/2K Bytes Internal SRAM (ATmega48PA/88PA/168PA/328P)
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
- — Data retention: 20 years at 85°C/100 years at 25°C(")
- Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- Programming Lock for Software Security
Peripheral Features
- Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
. — Real Time Counter with Separate Oscillator
- Six PWM Channels
. - 8-channel 10-bit ADC in TQFP and QFN/MLF package
Temperature Measurement
- 6-channel 10-bit ADC in PDIP Package
_ Temperature Measurement
| — Programmable Serial USART
— Master/Slave SPI Serial Interface
- Byte-oriented 2-wire Serial Interface (Philips 12C compatible)
. - Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
— Interrupt and Wake-up on Pin Change
Special Microcontroller Features
. - Power-on Reset and Programmable Brown-out Detection
' - Internal Calibrated Oscillator
' — External and Internal Interrupt Sources
~ Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
~ and Extended Standby
I/0 and Packages
. - 23 Programmable /O Lines
— 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
Operating Voltage:
- 1.8 - 5.5V for ATmega48PA/88PA/168PA/328P
Temperature Range:
- =40°C to 85°C
Speed Grade:
' -0-20MHz @ 1.8-5.5V
Low Power Consumption at 1 MHz, 1.8V, 25°C for ATmegad8PA/88PA/168PA/328P:
~ Active Mode: 0.2 mA
- Power-down Mode: 0.1 pA
- Power-save Mode: 0.75 pA (Including 32 kHz RTC)

ATMEL

AR 52y (F)

8-bit AVR"
Microcontroller
with 4/8/16/32K
Bytes In-System
Programmable
Flash

ATmegad8PA
ATmega88PA
ATmega168PA
ATmega328P

Summary

Rev. 8161CS-AVR-05/09




pammee— ATmegad48PA/88PA/168PA/328P

. Pin configurations

gurei-1. Pinout ATmegad8PA/88PA/168PA/328P

TQFP Top View
b o8 PDIP
D
PO 5 o
ScELO0ED
EEE&SSSC0
555833909
= aa
&g&mmgaa
22888888
ZEEec222
N - O © W ™o N
o
EREEERED =
Oononnn
/95328 N8R (PCINT14/RESET) PC6 [ 1 28 1 PC5 (ADC5/SCL/PCINT13)
& (PCINT16/RXD) PDO [] 2 27 [1 PC4 (ADC4/SDA/PCINT12)
(PCINT19/OC2B/INT1) PD3 [} 1 O 024 b PC1 (ADCIPCINTS) (PCINT17/TXD) PD1 ] 3 26 [1PC3 (ADC3/PCINT11)
(PCINT20/XCK/T0) PD4 [} 2 23 [1PCO (ADCO/PCINTS) (PCINT18ANTO) PD2 [} 4 25 [JPC2 (ADC2/PCINT10)
enoOl3 55 ADCT (PCINT19/0C28B/INT1) PD3 [} 5 24 [1PC1 (ADC1/PCINTS)
vec4 21 [1GND (PCINT20/XCK/T0) PD4 [] 6 23 [1PCO (ADCO/PCINTB)
GNDO5 20 {1 AREF vee7 22[JGND
veecle 19 [1ADC8 GND(]8 21 [1 AREF
(PCINTE/XTAL1/TOSC1) PB6 T} 7 18 [1AVCC (PCINTB/XTAL1/TOSC1) PB6 C| 9 20 1 AVCC
g (POINT7/XTALZ/TOSC?) PB7 T8 O O 17 |3 PBS (SCKIPCINTS) (PCINTZ/XTAL2/TOSC2) PB7 ] 10 19 [1PBS (SCK/PCINTS)
(PCINT21/0C0B/T1) PDS [ 11 18 [1 PB4 (MISO/PCINTA4)
SerNozne (PCINT22/0COA/AING) PDS ] 12 17 1 PB3 (MOSVOC2APCINTS)
g Ial E g O l&] Lc:: I;l (PCINT23IAIN1)PD7C 13 16 [1 PB2 (SS/OC1B/PCINT2)
88585283 (PCINTO/CLKOACP1) PBO ] 14 151 PB1 (OC1APCINT1)
~5CTIB506
§225829¢2
82202m2s
CQREZEBSE
=8z 2Z88%
Egﬁggzga
£EE~-z270
g Zz
Z § &g
| o g & g
28 MLF Top View 32 MLF Top View
s a8
£2zc gce g 22-5
S8 EO0O0 ¢ 2E2EREEE
EECELEE ECE8SLES
22298335 §Z5e35900
Soorool mm&tﬁﬁ%%%
\&&mgga Eanuzuogo
E eaga Q Sxxuaq a
ZRZe222 gEgrss
N-o®bxn 85888388
nnn003§ g aoaaoo oo
s oOnnonon
INgQI]N / 3538888 8% W
(PCINT18/0C2B/INT1) PD3C} 1 @ """" 7 21[1PC2 (ADC2/PCINT10) (PCINT19/0C2B/INT1) PDSJ 1 @- -------- + 4p PC1 (ADC1/PCINTS)
(POINT20XCK/TO) PD4T]2 1 ! 20[1 PC1 (ADCI/PCINTS) (PCINT20/XCK/TO) PD4T|2 ! ! 23[1PCO (ADCOPCINTE)
veeds ! ! 19 [ PCO (ADCO/PCINTS) GNDO3 ) [ ADC7
GNDO4 1 18[3GND ;ccm ! : 213:5::;
(PCINTB/XTAL1/TOSC1) PBEC]5 1 ! 17 1 AREF Vgggz | ! f‘; e
(PCINTZ/XTAL2/TOSC2) PB7 [ 6 } . 186[QAVCC g :
(PCINT21/0C0B/T) PD5 |7 7 N, 1 151 PBS (SCKPCINTS) (PCINTB/XTAL1/TOSCY) PBEC]7 ! ! 18 Avce
o (PCINT7/XTAL2TOSC2) PBTC]8  f = === == = - - L 171 PB5 (SCK/PCINTS)
L R e i ath il
Eg=gagsgeysys accciazEe i
eN8a88a EgEEEEEEEEERERS]
SEFTER3 L
NOTE: Bottom pad should be soldered to ground. g g g8 § % s NOTE: Bottom pad should be soldered to ground. £ 2 % £ ‘é 2293
= 3 g2 § ==
S =] 5002 <
85%5"’02 8§ g'- SIE
S85E800 e o E052
Jgezps RS0Z083R05
eECSSE~ N]OBO O
ESz=0% EQRBEzpe
5 £ £5 5z £ 2z
2 s 9 =5 & =9
LLV = -
g
=]

8161CS-AVR-05/09




