An-Najah National University
Faculty of Graduate Studies

Techno — Economic Analysis of Implementation
Energy Management Resources in Some Factories in
West Bank

By
Anas Omar Nassorah

Supervisor
Dr. Imad lbrik

This Thesis is Submitted in Partial Fulfillment of the Requirements for
the Degree of Master of Program Engineering in Clean Energy and
Conservation Strategy, Faculty of Graduate Studies, An- Najah
National University, Nablus — Palestine.

2016



Techno — Economic Analysis of Implementation Energy
Management Resources in Some Factories in West Bank

By

Anas Omar Nassorah

This Thesis was Defended Successfully on 26/4/2016, and approved by:

Defense Committee Members signature
- Dr. Imad Ibrik/ Supervisor B8 a9 e

- Dr. Aysar Yasin/ Internal Examiner

- Dr. Samer Alsadi/ External Examiner @ ..., %
‘(-
‘ . e




111
Dedication

%cﬂy/am
%‘:ﬂyﬂwﬁéﬂ
%"ﬂymmm
%eﬂymm
%‘:ﬂyﬁmﬁ
G my colleagues

Fdedseate this work



iv
Acknowledgment

The first thing is to thank Allah for helping me to accomplish this

work and make it easier to me.

Special thanks to the supervisor of my thesis Dr. Imad lbrik for
his instructions and supporting me in my thesis and to the
teachers of the Master of Clean Energy Engineering and Energy

Conservations for their efforts.
I would like to thank Golden Wheat Mills Company and National
Beverages Company and National Aluminum and Profile

Company for their information and data.

Also special thanks to my family for helping and encouraging me

to complete this work

Thank you to my friends and colleagues.

Thank you to everyone share to accomplish this work.



v
DAY

0 sl Jaat ) Allus ) axia olial a8 gall U

Techno — Economic Analysis of Implementation Energy Management
Resources in Some Factories in West Bank

Al HLEY) & Lo sliiuly cpaldll (s3ea Z) & L) Al o3 4de clast L ob
i o ale Gl o Aag (o il aaky o Lgia g (o OSSR o3a s ays L

LAl Aday of Lpales Liaage (4 (6]

Declaration

The work provided in this thesis, unless otherwise referenced, is the
researcher’s own work, and has not been submitted elsewhere for any other
degree or qualification.

Student’s Name: ey eie sl

Signature: AAA’»%%% s pd gl

Date: 2oL, /L] /’Z(> sgetll



Vi

Table of Contents

No. Content Page
Dedication ii
Acknowledgment 1\
Declaration v
List of tables X
List of figures Xii
List of equations Xiv
List of appendices XV
Abbreviations XViii
Abstract XVi
Introduction 1
Chapter One: Energy in West Bank and energy | 8

use in industrial sector

1.1 Energy situation in West Bank 8

1.2 Economical activities in general in West Bank 9

1.3 Implementation of solar systems in Palestine 15

1.3.1 | Energy strategy by 2020 in Palestine 16

1.3.2 | Solar energy projects in Palestine 17
Chapter Two: Energy management and energy | 18

conservation measures in industrial sector
Introduction 18
Measures could be studied in industrial sector 21
2.1 Energy conservation opportunity in electrical 21
motors
2.1.1 | Power losses and efficiency of motors 22
2.1.2 | Energy conservation methods in motors 24
2.2 Lighting systems 26
2.2.1 | Lighting efficiency and lighting basics 27
2.2.2 | Light sources 29
2.2.3 | Ways and techniques to energy conservation in 30
lighting systems
2.2.3.1 | Electronic ballasts 30
2.2.3.2 | Applying lumen method 31
2.3 Power factor 31
2.3.1 | Methods to improve power factor 32
2.3.2 | Impacts of low power factor in industrial sector 33
and electrical network

2.4 Energy management techniques 34

2.4.1 | Time of day billing 34
2.4.2 | Load management 34




vii

2.5 Compressed air system 35
2.5.1 | Ways to improve efficiency of compressed air 36
system
2.5.2.1 | Using outside intake air 36
2.6 Waste heat recovery 37
2.7 Utilizing solar energy 38
2.7.1 | Solar thermal and SWH 40
2.7.1.1 | Optimum design of SWH in Palestine 41
2.7.2 | PV systems technology 41
2.7.2.1 | PV —on grid systems 43
2.7.2.1.1 | Elements of on — grid PV systems 44
2.7.2.1.2 | Design of on — grid PV systems 44
Chapter Three: Energy audit in different 46
facilities in West Bank
3.1 Energy audit in Golden wheat mills company 46
(GWMC)
3.1.1 | About the company 46
3.1.2 | Energy measures opportunities in GWMC 48
company
3.1.2.1 | Power transformers 48
3.1.2.2 | Energy conservation in the motors in the company | 53
3.1.2.3 | Energy conservation in the Lighting systems in 57
the company
3.1.2.4 | Analysis of compressed air system in the company | 62
3.1.2.5 | Analysis of utilizing solar energy in GWMC 65
company
3.1.2.5.1 | Solar thermal energy and SWH in GWMC 65
company
3.1.2.5.2 | Analysis of utilizing on — grid PV system in 67
GWMC company
3.2 Energy audit in national beverages company 70
(NBC)
3.2.1 | About the company 70
3.2.2 | Energy management opportunities in NBC 71
company
3.2.2.1 | Power transformers 71
3.2.2.2 | Energy conservation in the motors in the company | 75
3.2.2.3 | Energy conservation in the Lighting systems in 77
the company
3.2.2.4 | Analysis of compressed air system in the company | 79
3.2.2.5 | Analysis of utilizing solar energy in NBC 81

company




viii

3.3 Energy audit in national aluminum and profile 83
company (NAPCO)
3.3.1 | About the company 83
3.3.2 | Energy measures opportunities in NAPCO 84
company
3.3.2.1 | Power transformers in NAPCO 84
3.3.2.2 | Energy conservation in the motors in the company | 86
3.3.2.3 | LPG burners and recovering waste heat from them | 88
in the company
3.3.2.4 | Analysis of utilizing solar energy in NAPCO 92
company
3.3.2.4.1 | Solar thermal energy and SWH in NAPCO 93
company
3.3.2.4.2 | Analysis of utilizing on — grid PV system in 94
NAPCO company
Chapter Four: Economical evaluation of 97
energy conservation measures
4.1 Engineering economy and economical evaluation 97
4.2 Economical evaluation of E.C.Ms in GWMC 99
company
4.2.1 | Economical evaluation of changing tariff system 99
from low tension tariff to high tension tariff
4.2.2 | Economical evaluation of energy conservation in 100
motors
4.2.3 | Economical evaluation of energy conservation in | 101
lighting systems
4.2.4 | Economical evaluation of using outside air in 103
compressed air system
4.2.5 | Economical evaluation of using SWH system 103
4.2.6 | Economical evaluation of utilizing on — grid PV 104
system
4.3 Economical evaluation of E.C.Ms in NBC 107
company
4.3.1 | Economical evaluation of energy conservation in 107
motors
4.3.2 | Economical evaluation of energy conservation in 108
lighting systems
4.3.3 | Economical evaluation of using outside air in 109
compressed air system
4.3.4 | Economical evaluation of utilizing on — grid PV 109
system
4.4 Economical evaluation of E.C.Ms in NAPCO 111




iX

company

4.4.1 | Economical evaluation of energy conservation in 111
motors
4.4.2 | Economical evaluation of recovering waste heat 112
from LPG burners
4.4.3 | Economical evaluation of using SWH instead of 112
conventional heating boiler
4.4.4 | Economical evaluation of utilizing on — grid PV 112
system
Chapter Five: Environmental and overall 115
impacts of energy conservation measures in
industrial sector in West Bank
51 Environmental impact of E.C.Ms in GWMC 116
company
5.2 Environmental impact of E.C.Ms in NBC 116
company
5.3 Environmental impact of E.C.Ms in NAPCO 116
company
54 The impact of using E.C.Ms in industrial sector in | 117
West Bank
5.4.1 | The overall impact of E.C.Ms and PV —on grid 117
system in the specified cases
5.4.2 | The estimated impact of using E.C.Ms in 121
industrial sector in West Bank
Conclusions 122
Recommendations 124
References 126
Appendices 130
padldll -




X
List of Tables

No. Table Page

1.1 | Importation of energy in West Bank in 2012 8

1.2 | purchased electrical energy (MWH) in West Bank in 8
2012

1.3 | Economical activities according to number of 10
enterprises and output (in USD 1000)

1.4 | Economical activities according to needed production 11
input

1.5 | Fuel and oil needs and its percentage to the total 13
production inputs for different activities

1.6 | Consumption of electricity for different activities 14

1.7 | Expected power from renewable energy in 2020 from 16
determined technologies

2.1 | Power factor penalties in Palestine 34

2.2 | Annual energy and cost savings with reduced 37
compressor inlet temperature

2.3 | The use of renewable energy in industrial sector 40

2.4 | Development of PV technology between 1995 and 42
2005

3.1 | Load factor for transformers 53

3.2 | Load factor for the utility panels 53

3.3 | Motors consumption and saving in electrical energy 55
from using inverters

3.4 | Motors consumption and saving in electrical energy 56
from replacing motors by efficient motors

3.5 | Lighting types and yearly consumption of electricity in | 59
the company

3.6 | Yearly saving in electrical energy in fluorescent lamps | 62
after using electronic ballasts

3.7 | Yearly saving in electrical energy in compressed air 64
system

3.8 | Overall yearly saving in electrical energy (GWMC) 64

3.9 | Yearly consumption of hot water boilers 65

3.10 | Yearly saved electrical energy after installing SWH 67

3.11 | The overall saving from utilizing solar energy 70
(GWMC)

3.12 | Load factor for transformers 72

3.13 | Load factor for utility panels 72

3.14 | Motors consumption and saving in electrical energy 76

from replacing motors by efficient motors




Xi

3.15 | Lighting types and yearly consumption of electricity in | 78
NBC

3.16 | Yearly saving in electrical energy from using 79
electronic ballasts in fluorescent lamps

3.17 | Yearly saving in electrical energy in compressed air 80
system (NBC)

3.18 | Overall yearly saving in electrical energy (NBC) 81

3.19 | Motors consumption and saving in electrical energy 87
from using inverters

3.20 | Motors consumption and saving in electrical energy 87
from replacing motors by efficient motors

3.21 | Burners monthly consumption of fuel and type of fuel 89

3.22 | Flue gases quantities 90

3.23 | Amount of reduced fuel consumption 91

3.24 | Overall yearly saving in electrical energy (NAPCO) 92

3.25 | Yearly saving in LPG consumption (NAPCO) 92

3.26 | The overall saving from utilizing solar energy 96
(NAPCO)

4.1 | Yearly saving in motors (NI1S/year) [GWMC] 100

4.2 | Yearly saving in lighting systems (NIS/year) [GWMC] | 102

4.3 | Yearly saving from using SWH (NIS/year) [GWMC] 103

4.4 | Yearly saving in motors (NIS/year) [NBC] 107

4.5 | Yearly saving in lighting systems (NIS/year) [NBC] 108

4.6 | Yearly saving in motors (NIS/year) [NAPCO] 111

4.7 | Yearly saving in the cost of LPG from recovering 112
waste heat from LPG burners (N1S/year) [NAPCO]

5.1 | Price of energy generation and CO, emissions for each | 115
type of energy generation

5.2 | Overall electricity consumption and saving technically, | 118
economically and environmentally

5.3 | Overall LPG consumption and saving technically, 118
economically and environmentally

5.4 | Overall analysis of utilizing PV — on grid system 119

technically, economically and environmentally




Xii

List of Figures

No. Table Page

1.1 | Percentage of purchased electrical energy 9
according to source

1.2 | Percentage of economical activities according to 10
number of enterprises

1.3 | Percentage of the outputs from different activities 11

1.4 | Percentage of needed production inputs for 12
different activities

1.5 | Percentage of needs of fuel and oil for different 13
activities

1.6 | Percentage of electricity consumption for different | 14
activities

1.7 | Average solar energy through the year 15

2.1 | Percentage of various energy sources to world 19
primary energy consumption in 2002

2.2 | World production of oil and gas 19

2.3 | Power flow diagram for an induction motor 23

2.4 | Power stages in induction motors 24

2.5 | Schematic of inverter 25

2.6 | Schematic of electronic ballasts 31

2.7 | Power losses as a function of p.f 33

2.8 | Voltage drop as a function of p.f 33

2.9 | Compressor costs over a ten years lifecycle 35

2.10 | Compressed air usage and potential savings for the | 36
typical compressed air use

2.11 | Global industrial sector energy consumption 39
during 2006-2030

2.12 | PV —on grid system 44

3.1 | Monthly consumption of electrical energy 48
(GWMC)

3.2 | Time Vs. apparent power curve (transformerl, 48
GWMC)

3.3 | Time Vs. three phase currents curve (transformer 49
1, GWMC)

3.4 | Time Vs. power factor curve (transformer 1, 49
GWMC)

3.5 | Time Vs. apparent power curve (transformer 2, 49
GWMC)

3.6 | Time Vs. three phase currents curve (transformer 50

2, GWMC)




Xiii

3.7 | Time Vs. power factor curve (transformer 2,| 50
GWMC)

3.8 | Time Vs. apparent power curve (transformer 3,| 50
GWMC)

3.9 | Time Vs. three phase currents curve (transformer | 51
3, GWMC)

3.10 | Time Vs. power factor curve (transformer 3,| 51
GWMC)

3.11 | Time Vs. apparent power (enhanced reading, | 52
transformer 1, GWMC)

3.12 | Time Vs. apparent power (enhanced reading,| 52
transformer 3, GWMC)

3.13 | PV —on grid diagram in GWMC 69

3.14 | Time Vs. apparent power curve (transformer 1,| 72
NBC)

3.15 | Time Vs. three phase currents curve (transformer | 72
1, NBC)

3.16 | Time Vs. power factor curve (transformer 1, NBC) | 72

3.17 | Time Vs. apparent power curve (transformer 2,| 73
NBC)

3.18 | Time Vs. three phase currents curve (transformer | 73
2, NBC)

3.19 | Time Vs. power factor curve (transformer 2, NBC) | 73

3.20 | PV —on grid diagram in NBC 83

3.21 | Time Vs. apparent power curve (NAPCO) 85

3.22 | Time Vs. three phase currents curve (NAPCO) 85

3.23 | Time Vs. power factor curve (NAPCO) 85

3.24 | PV —on grid diagram in NAPCO 96

4.1 | Cash flow of E.C.Ms evaluation in GWMC 106

4.2 | Cash flow of E.C.Ms evaluation in NBC 110

4.3 | Cash flow of E.C.Ms evaluation in NAPCO 114




Xiv

List of Equations

No. Equation Page
2.1 | Power rating of motors 21
2.2 | Efficiency of the motors 23
2.3 | Lumen method for lighting 28
2.4 | Three phase active power calculation 32
2.5 | Single phase active power calculation 34
2.6 | Load factor calculation 41
2.7 | Thermal energy required for heating in SWH 41
2.8 | Area of SWH 45
2.9 | Energy generated from PV modules 45
2.10 | PV peak power 45
2.11 | Number of series PV modules 45
2.12 | Number of PV strings 45
3.1 | Difference in power after replacing motors by | 57
efficient types
3.2 | Combustion equation of LPG 89
3.3 | Thermal energy of flue gases 90
4.1 | Simple payback period 97
4.2 | Present value if annual given 98
4.3 | Annual value if present given 98
4.4 | Net metering tariff equation 104




XV

List of Appendices

No. Appendices Page
Appendix (A) | Energy analyzer data for GWMC | 130
transformers 1,2 and 3
Appendix (B) | Energy  analyzer data for NBC| 133
transformers 1 and 2
Appendix (C) | Energy analyzer data for NAPCO 135
Appendix (D) | Tariff of IDECO 136
Appendix (E) | Tariff of IEC 137
Appendix (F) | High efficient motors data table 138
Appendix (G) | Data sheet of solar cells 139
Appendix (H) | Data sheet of on grid inverters 141
Appendix (1) | Table of interest 10% 147
Appendix (J) | Transformers’ properties in GWMC 148




XVi
Abbreviations

IEC Israeli Electric Corporation

JDECO  Jerusalem District Electricity Company

LPG liquefied petroleum gas

GHG Greenhouse gases

HID High Intensity Discharge

Lm lumen

p.f Power Factor

L.F Load Factor

H.P Horse Power

VSD Variable Speed Drive

IGBT Insulated — gate Bipolar Transistor
PWM Pulse Width Modulation
CFL Compacted Fluorescent Lamp
HPS High Pressure Sodium

LED Light emitting diode

FL Fluorescent

INC Incandescent

MH Metal Halide

HVAC Heating, Ventilation and Air Conditioning
GWMC  Golden Wheat Mills Company

NBC National Beverages Company

NAPCO  National Aluminum and Profile Company
SWH Solar Water Heater

SCADA  Supervisory Control and data acquisition



PLC
LCD
PEA
kWp
GWp
S.P.B.P
AW
ESCO
E.C.Ms

Values:

xvii
programmable logic control
Liquid crystal display
Palestinian Energy Authority
Kilowatt peak
Gigawatt peak
Simple Payback period
Annual Worth
Energy Service Company

Energy Conservation Measures

Heat value of LPG = 9500 Kcal/Kg

1 kWh = 860 kcal

1 USD dollars = 3.8 NIS

Heat value of LPG = 9500 Kcal/Kg

Price of LPG = 5.8 NIS/Kg



XVIHI
Techno — Economic analysis of implementation energy management
resources in some Factories in West Bank
By
Anas Omar Nassorah
Supervisor
Dr. Imad Ibrik

Abstract

Energy issues are considered one of the important subjects that pay the
attention of researchers and this is due to increasing cost of conventional
energy as well as the corresponding environmental impacts. The industrial
sector represents a significant branch of energy consumption all over the
world especially in the industrialized countries. The energy demand in
industrial sector in Palestine increases with acceptable rate and in the same
time mostly all the energy resources are imported from the Israeli side. To
mitigate this problem a further utilization of renewable energy and energy
management should be considered. The percentage of electricity
consumption in industrial sector is 37% to other sectors and the percentage
of fuel and oil consumption is 42%.

This thesis studies the possibility of implementation energy efficiency
opportunities to three industries in Palestine in order to efficiently
contribute in solving the problems in energy in West Bank.

The Golden Wheat Mills Company (GWMC), National Beverages
Company (NBC) and National Aluminum and Profile Company (NAPCO)
are taken as samples to assess the available energy efficiency opportunities
especially those companies are considered large according to Palestinian

classification.
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The studied energy efficiency opportunities includes the analyzing of tariff
system, load factor, power factor, lighting system, motors, compressed air
systems and LPG burners. The achieved saving in energy are ranging from
15.7% to 18.7%. On the other hand a grid-connected PV system is
suggested which saves 10% of electrical energy by applying net metering
system.

The annual saving in electrical energy is 1.37 MWh and 104 ton LPG
which reduces the operating cost to about 2.5 million NIS at simple
payback period ranges from 2.42 to 4.45 years. The annual reduced
amounts of CO, emissions are 450.47 ton, 888.21 ton and 948.85 ton in
GWMC, NBC and NAPCO, respectively.



e Introduction:

Palestine suffers from lack of energy sources and imports the energy from
many countries depending mainly on importation from Israel, which in turn
leads to unsecure and unsafe energy resources use and the prices of energy

is high in the comparison to other countries in area.

On the other hand the generation of energy is very limited especially after
the war on Gaza in 2014 where the generation plants has been destroyed
which increases the problem of the electrical energy shortage in Gaza strip.
In Palestine there is large number of connection points and that leads to

large losses.

Also the inefficient use of energy in general leads to increase the problem

and the consumption of energy becomes higher with no need.

One of the solutions to solve this problem in electrical energy is utilizing
solar energy to generate electricity by PV technology or to heat water by
SWH in homes and institutions; especially Palestine has good potential of

solar energy 5.4 kWh/m?-day, so this solution is feasible.

Another solution is energy conservation and applies energy conservation

measures to use the energy efficiently.

The percentage of industrial sector consumption in electrical energy to the
total consumption in Palestine is 36.37 % with a value of 63,692,700 USD
and the percentage of fuel and oil consumption is 40.69% with a value of

148,057,300 USD. [9]



2
This thesis focuses on the importance of energy conservation measures in

industrial sector and to the feasibility of using solar energy, as well.

The main idea of this work is to apply the energy conservation
opportunities to reduce energy consumption based on energy audits to

many facilities in West Bank as shown below.

Energy conservation also has a good and big impact in air pollution due to

reduction of GHG especially CO; gas.

The objectives of this thesis are:

l_\
1

Analysis the energy situation in Palestine and West Bank especially

in industrial sector.

2- Determine the amount of saving in energy could be gained from
energy conservation and after energy audit in many facilities in West
Bank.

3- Encourage to install renewable energy systems.

4- Reduce the operation cost of the systems in these companies.

5- Reduce the harmful emissions in the environment.

The structure of the thesis is:
Chapter one: Energy situation in West Bank.

It’s important to talk about the energy situation in West Bank and energy

resources also the economical activities established in West Bank
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Chapter two: energy management and energy conservation measures in

industrial sector.

This chapter comprises the studied measures in industrial sector and the

techniques used to apply energy conservation and utilizing solar energy.
Chapter three: Energy audit in different facilities in West Bank.

This chapter contains the facilities chosen to make energy audit on them
Chapter four: Economical evaluation of energy conservation.

It is important to evaluate the energy conservation measures and solar

energy utilizing economically to take economical impression of that.

Chapter five: environmental impacts of energy conservation and solar

energy use in industrial sector in West Bank.

This chapter contains the environmental impact of energy conservation
measures and how these measures of energy conservation and solar energy

reduce the harmful emissions especially CO, gas.



e Literature Review:

Basher Da’as, (2008), said that energy saving proved that are around 10-
25% by implementing some energy conservation measures (no and low
cost investment) and that can be applied in many sectors such as: boilers,
oxygen, generating units, air conditioning, lighting systems and solar water

heaters.

The efficient use of energy and energy management in Palestine is not in
better condition than most developing countries so we need to apply energy

management in Palestine. [1]

Mohammad kaleel, (2008), mentioned that the energy situation in Palestine
and efficient use of energy and the energy conservation in universities are

not in a better situation than the most developing countries.

So we need to use energy in efficient way where we need to make energy

audit in some faculties in the university.

it was proven that there is a huge potential for energy saving in Palestinian
universities sector where that around 15-20% by implementing some
energy conservation measures on the most energy consumption equipment
such as: boilers, air conditioning and lighting systems. In this thesis he
developed new energy management software, which is used to estimate the

total energy saving from each opportunity. [2]



5
Ahmad tartit, (2010), He said that the supply of conventional energy

electricity and petroleum products is monopolized by Israel.

So it’s important to apply energy management in our country in

commercial sector.

He proved that there is a big saving opportunity in energy like lighting,
UPS, rectifiers, air conditioning systems and power where the amount of

saving was around 15%. [3]

Basil Yaseen, (2008), the developing countries were working in industrial
energy since 1973 to improve the efficient use of energy where they

reached to good amount of saving.

So he tried to find energy conservation opportunity through conducting
energy analysis of industrial consumption in Palestine and through audits in

some industries in Palestine.

The saving in electric energy was around 277800 kWh and fuel saving is

around 66000liter/year.

On the national level 10-20% saving from the total energy consumption in
the industrial sector could be achieved by implementing some energy
conservation measures like boilers, compressors, lighting systems and low

power factor. [4]

Greuville J. Croll, (1980), Computers and allied technologies can be used

to increase energy efficiency.
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In UK 40% of the energy is in industrial sector.

The computer has a fairly well defined role in industrial energy
conservation at the design stage; computers may be used to simulate the

likely operational characteristics of several preliminary designs.

Before installation of energy management it is necessary to perform an
energy Audit to ensure that the proposed system is justified on a cost basis
alone, since that is the only acceptable method of assessing a systems

worth.

Measure and tools are boilers, turbine generators lines, pipes transformers,

process equipment and demand control.

Computer technology is increasingly being used to help perform these
functions more efficiently, electricity supply networks are invariably large
and several computers will be used, typically in some form of structured

control hierarchy.

The use of the computer in electricity supply management brings about
certain improvements in overall system efficiency and reduces the

probability of total network failure such as happened in New York 1965.

Tyler estimates that improving the efficiency of electricity supply and
distribution from 25% to 30% will bring about 5% reductions in UK

primary energy consumption. [5]
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Siemens, (2011), It’s important to use the energy in efficient way to reduce
the cost and CO; emissions on the other hand the world’s population is
growing fast and that leads to increase the use of the energy year by year.
There are many forms of energy and energy management.
Also, mentioned the standard components for energy efficiency, energy
management and the control process of that to apply that in many fields
like heating, motors, stabilized power supplies and energy efficient

pneumatic positioner's.

How computers can help us to conserve energy, information and
communication technology play a critical role in supporting the necessary
paradigm shifts within the energy sector towards a more sustainable

generation of electricity. [6]
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Chapter One
Energy in West Bank and energy use in industrial

sector

1.1 Energy situation in West Bank:

As mentioned in the introduction Palestine depends on the importation of

energy and the table 1.1 shows the importation of energy according to its

form in 2012 in West Bank:

Table 1.1: Importation of energy in West Bank in 2012 [7, 8].

Oil and

Electricity | Gasoline | Diesel | Kerosene | LPG | Tar Grease Wood
(MWh) | (1000L) | (1000L) | (2000L) | (Ton) | (Ton) (Ton) (Ton)
3659623 | 193140 | 413847 1722 95113 | 5436 1755 24726

Table 1.2 shows the purchased electrical energy (MWh) in West Bank in

2012 according to month and source:

Table 1.2: Purchased electrical energy (MWh) in West Bank in 2012

[7].

Month IEC Jordan Total
January 395517 7054 402571
February 363706 6489 370195

March 339140 5921 345061
April 234512 7663 242175
May 240013 10016 250029
June 257615 10715 268330
July 295019 9707 304726

August 294471 9601 304072

September 266950 8790 275740
October 261521 3178 264699
November 275085 1115 276200
December 353752 2073 355825
Total (MWNh) 3577301 82322 3659623
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Clearly the purchased electrical energy from IEC is larger than Jordan and

that shown in the following pie chart Figure 1.1:

Jordan
2%

IEC
98%

Fig 1.1: Percentage of purchased electrical energy according to source [7]

1.2 Economical activities in general in West Bank:

In West Bank there are many economical activities and each activity has its
own specification and category. we can easily concentrate the studies in the
industrial activities and on related data which reflects the energy situation
in West Bank especially for industrial activities, where the economical
activities categorized to Industrial activities, Construction activities,
Internal trade activities, Transport and storage activities, Information and
communications activities and Services activities and each activity has
important data like: Number of Enterprises, output, production input, fuel
and oil, Electricity and energy use , Table 1.3 shows the economical

activities according to number of enterprises and output (in USD 1000)
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Table 1.3: Economical activities according to number of enterprises
and output (in USD 1000) [9]

Activities No. of Enterprises | output (value in USD 1000)

Industrial activities 11666 3133808.4

Construction
activities 392 452507.7

Internal trade

activities 46730 2260312.2
Transport and
storage activities 628 146612.2

Information and
communications

activities 452 7244249
Services activities 22861 14477425
Total 82729 8165407.9

Figure 1.2 shows the percentage of economical activities according to

number of enterprises:

Construction Ndustrial
Activites  Activites

0% 14%

Information and
communications

Transport .
and Activites
storage 1% Internal trade
Activites Activites
1% 56%

Fig 1.2: Percentage of economical activities according to number of enterprises [9]
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Figure 1.3 shows the percentage of the outputs from different activities:

Information
and
communicatio
ns Activites
9%
Transport and
storage
Activites
2%

Construction
Activites
5%

Fig 1.3: Percentage of the outputs from different activities [9]
As shown above there are 11666 enterprises related to industrial activities
with a percentage of 14% and the output (value in USD 1000) is 3133808.4

with a percentage of 38%.

Economical activities according to needed production input in general and
according to fuel and oil, Electricity and Energy use and the percentage of
them to the total production inputs (values in USD 1000) shown in table
1.4:

Table 1.4: Economical activities according to needed production input

[9]

Activities Total (value in USD 1000)

Industrial activities 1600344.1
Construction activities 193893.2
Internal trade activities 200724.4
Transport and storage activities 46420.2
Information and communications activities 24839.4
services activities 210284.6

Total 2276505.9
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Figure 1.4 shows the percentage of needed production inputs for different

activities:
Information and services Activites
communications 9%
Transport and Activites
storage Activites 1%

2%
Internal trade
Activites
9%

Construction
Activites
9%

Fig 1.4: Percentage of needed production inputs for different activities [9]

As shown above, the industrial activities has the largest production in

comparison to other activities with a value of (value in USD 1000)

1600344.1 and a percentage of 70%.

Table 1.5 shows the fuel and oil needs and its percentage to the total

production inputs for different activities:
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Table 1.5: fuel and oil needs and its percentage to the total production
inputs for different activities [9]

Activities fuel and oil (value in USD 1000) | Percentage (%)
Industrial Activities 120165.9 7.508753899
Construction Activities 13789.4 7.11185333
Internal trade 67688.2 33.72195906
Activities
Transport and storage 41982 90.43907609
Activities
Information and
communications 7602.6 30.60701949
Activities
services Activities 36753 17.47774207

Total 287981.1 12.2

Figure 1.5 shows the percentage of demands of fuel and oil for different

activities:

Information and
communications

Activites
3%

Transport and
storage Activites
14%

Construction
Activites
5%

Fig 1.5: Percentage of needs of fuel and oil for different activities [9]

As shown in table 1.5 and figure 1.5, the use of fuel and oil in industrial
activities has the largest value in comparison of other activities with a value
of 120165.9 (value in USD 1000) and a percentage of 42%. On the other

hand the percentage of fuel and oil to the total production inputs in
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industrial activities is 7.5%. Table 1.6 shows the consumption of electricity

for different activities:

Table 1.6: consumption of electricity for different activities [9]

Activities Electricity (value in USD 1000) | Percentage (%)
Industrial activities 55432.1 3.463761325
Construction activities 805.6 0.415486464
Internal trade activities 46718.8 23.2750976
Transport and  storage 885.7 1.908005567
activities
Information and
communications 8964.5 36.08984114
activities
services activities 35349.9 16.81050348

Total 148156.6 6.5

Figure 1.6 shows the percentage of electricity consumption for different

activities:

Information and
communications
Activites
6%
Transport and
storage Activites
1%

Construction
Activites
1%

Fig 1.6: percentage of electricity consumption for different activities [9]

As shown above in table 1.6 and figure 1.6 the use of electricity in
industrial activities has the largest value in the comparison of the other

activities with a value of 55432.1 (value in USD 1000) with a percentage of
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37% and the percentage of the electricity use in the comparison of the total

production inputs in industrial activities is 3.46%. [9]

As illustrated above, the energy use in West Bank not small so, any saving

technique applied can lead to large saving values.

1.3 Implementation of solar systems in Palestine:
Palestine lies in the east coast to Mediterranean Sea between 34°:15 -

35%:40°E and 30°:29" - 33°:15" N. [10]

According to Palestine’s location, Palestine receives high solar radiation
where the daily average solar radiation is 5.4kWh/m?-d with total average

sunshine duration 2850 hours. [11]

Average monthly solar energy varying through the year where it is
2.724kWh/m? -day in December with lowest value and it is 8.19kWh/m? -

day in June with highest value and that shown in details in figure 1.7:

kWh/m?2- day

O RPN WRE OO N WY
I T R N

Fig 1.7: Average solar energy through the year [12]
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1.3.1 Energy strategy by 2020 in Palestine:
According to energy problems in Palestine, PEA prepared a renewable

energy strategy and set goals in 2020 to apply that as the following:

Gradually, achieve at least 240 GWh to generate electricity from renewable
energy resources with a percentage of 10% from the locally generated

electricity in 2020 according to strategy plan in energy sector.

The estimation use of thermal renewable resources is 18% from total
energy consumption in Palestine with a value of 2287 GWh which used
especially in water heating and from that the percentage of renewable

energy using is 25% from electrical energy in 2020.

According to evaluation studies in renewable energy resources which are
done by PEA, suitable choices and technologies determined as shown in
table 1.7:

Table 1.7: Expected Power from renewable energy in 2020 from
determined technologies [13]

Used technology Power (MW)

Solar cells stations 25
Roof top solar cells 20
CSP stations (thermal) 20
Biogas from landfills 18
Biogas from animal waste 3
Small wind stations 4
Wind farms stations 40

Total 130
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This strategy is going to be applied in two stages, first stage (2012-2015)
for small projects and second stage (2016-2020) for large projects with

higher power. [13]

1.3.2 Solar energy projects in Palestine:

There are many projects of solar energy established in many cities in
Palestine with different scales and techniques, where these projects differ

between lighting, electricity production and water pumping systems.

Isolated and far areas were the concentrated due to leakage in energy and

their far locations from the main cities.

In Jabat Dheeb village in Bethlehem lighting poles installed fed by solar
energy and store it to 5 days with a power of 500Watt and daily energy
1300Wh, in Al — Bireh the project of lighting the park of children
happiness center established with a yearly consumption of 5000 kwh and
the project of lighting the industrial area in Jericho with a power of 350

kKVA.

In Atouf in Tubas solar project installed to feed the village with a power of
12kW and in Dawa area east to Agrba in Nablus solar system established
feed the area with electricity and pump water system through centralized

solar system. [14]
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Chapter Two

Energy management and energy conservation
measures in industrial sector

e Introduction:

Industrial sector consumes energy more than other sectors due to the
production inputs have a large cost which the energy in one of these inputs.
Therefore, it’s necessary to reduce these production inputs cost to achieve

larger benefits.

Energy consumption can be reduced by many ways like energy

management and energy conservation.

Globally, industrial sector has an important role in last twenty first century.

Thus, it is increased and led to increase in the demand of energy. [15]

World annual consumption of energy increased more than ten times

through the twentieth century.

In year 2002 the total consumption in the world was 451*10*® Joule in
forms of energy such as oil, natural gas, coal, traditional biomass, nuclear,

large hydropower and other renewable. [17].



Fig 2.1: Percentage of various energy sources to world primary energy consumption in 2002
[17]

On the other hand the annual energy consumption per person in the world

Is 74GJ which equivalent to nearly 6 liters of oil per day. [17]

Fig 2.2: world production of oil and gas [17]

For instance, in India the electrical peak demand has grown from 30000
MW to 120000 MW within ten years and the oil for transport sector has

grown as well. [15]
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To achieve the successful management for energy use, it is important to
manage all the consumption of energy and control the costs of energy, so it
Is important to understand rates of energy, rate schedules, metering method

and the use of various fuels in the facility.

Rate schedule is the guide to determine how the costs are allocated and
that’s the key for reducing utility costs as well as using energy more

efficiently.

One of the important aspects in that field is measuring and accounting for
energy consumption, which can be verified by energy auditing program
which enable the energy manager to know more about the main energy

consumption equipment in the facility.

The data will be used to evaluate the energy consumption in the facility and

determine realistic estimation of energy use.

These facilities are the mission of finding a ratio between energy

consumption and production to monitor production efficiency. [18]

To apply energy management and energy conservation in industrial sector

too many measures must be applied to reduce the energy consumption.

Many systems are working in industrial sectors such as electrical,
mechanical, chemical and thermal systems. So, it’s important to study the
suitable measures for each system to reach the optimum energy

consumption.
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e Energy conservation opportunities in industrial sector:

a- Electrical motors.

b- Lighting systems.

c- Power factor.
d- Energy management techniques.

e

Compressed air.

f- Waste heat recovery.

g- Utilizing solar energy.
2.1 Energy conservation opportunity in electrical motors:
Polyphase induction is commonly used and widely spread as AC motors,
where more than 90% of mechanical power used in industry is provided by
3-phase induction motors, due to low cost of this type, without

commentator, good power factor and high efficiency and good speed

regulation. [16]

The power in these motors is in horse power and it can be converted to

KVA using equation (2.1).

KVA = HP * 0.746 (2.1)

n * pf

Where 1 is the motor efficiency, p.f is motor power factor and HP is horse

power capacity of the motor.

Whereas the efficiency and power factor for motor vary with load. [18]
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Motors running in full load give highest efficiency and power factor while
iIf motors running with partial load will give poor efficiency and power
factor, if power factor increases for equipment the losses in conductor will

be reduced.

As known there is a distance between the load and distribution board of the

electricity company.

If conductor is thin, losses could be ranging from 1% to 5% of the power
flow and if power factor is corrected the conductor losses due to increase of
apparent power can be reduced. Nowadays, most equipment has power

factor corrector. [15]

2.1.1 Power losses and efficiency of motors:

There are electrical losses due to heat produced from the stator current and
rotor windings (copper losses) and these losses are varying with the load,
magnetic losses in the iron due to hysteresis and eddy currents (core
losses), mechanical losses due to friction in the bearings and ventilation
(friction losses) and these losses considered to be constant and stray load

losses. [16]

e Factors affecting efficiency of induction motors:

1) Operating motors on higher than the rated voltage may decrease the
efficiency and affect negatively on other performance characteristics.

i) The electrical supply should be balanced voltage of 3.5% may increase

the losses of the motor about 20%.
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1ii) The efficiency of the motor change as load changes, so it is important
to choose a suitable size of the motor because using over size motor
increases the motor losses and then decrease the motor efficiency.

iIv) In general the motor with higher speed has higher efficiency and higher
power factor than other motors with lower speed.

v) Multi-speed motor at each operating speed has efficiency somewhat
lower than that of a single speed motor. [14]

Efficiency of the motors can be expressed as in equation (2.2) which

include the losses occurred and in figures 2.3 and 2.4 the losses explained

in details. [16]

Prech x 100 (2.2)
w +F +P

onst cu

Where: Pmech 1S the mechanical losses, Peonst 1S the constant losses and P,

the copper losses.

Electrical Power Mechanical Mechanical
power input to transferred power power
stator > across the air gap developed ——» output at
=3VI;cos0; to rotor i1 rotor shaft
=3E;l,c0s0; (about
(100%) \ 88.5%)
Stator copper loss Stator iron Rotor Friction and
=3I°R (=3.5%) loss (= 2.5%) copper loss windage loss
(= 3.5%) (= 3.5%)

Fig 2.3: power flow diagram for induction motor [16].
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Input to motor

Rotor input Stator copper and iron

Rotor output or mechanical Rotor copper losses
power developed

Rotor output Windage and friction

Fig 2.4: power stages in induction motors [16]
2.1.2 Energy conservation methods in motors
Many measures can be applied to conserve energy in motors but in this

thesis two important methods are studied:

1- Inverters.

2- Replacing existing motors by efficient motors.

- Inverters:
This method can change voltage and frequency together and sometimes it is
called variable — speed drive (VSD).
Magnetic flux of the motor can be regulated by the optimized amount using
voltage and frequency regulation.
In the past motors is running at low speed by reducing voltage, but now
that done by changing voltage and frequency.
As known the efficiency of motors is inversely proportion to slip frequency
that is the difference between frequency of the stator and frequency of the
rotor, by this method we can drive motors efficiently at any rotor speed and

the saving rate is between 30% and 40%.
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Firstly AC rectifies to DC and then DC inverted to AC by adopting IGBT
high frequency sinusoidal PWM.
Switching mode of IGBT can change output voltage and frequency to
control motor effectively. [15]

Figure 2.5 shows the schematic of inverter:

&QT% u

gy Inverter Load

Fig 2.5: Schematic of inverter [15]

In industrial application three phase bridge inverters used commonly for
frequency adjustment. [16]

- Replacing existing motors by efficient motors:

This method is feasible for motors in the range between 0.75kW to 150kW
and in the following will be the explanation in details of this method in
energy saving.

In the past the users of motors were considering factors motors choosing
like: size, weight and operating characteristics more than the efficiency of
the motors, on the other hand the motor’s first cost was considered more
than the life time operating cost, but as the cost of energy increased it is
important to consider the operating cost to minimize it.

The efficiency and power factor of high efficient motors 4% to 5% higher

compared to normal conventional motors.
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This type of motors has a number of features in construction and used

materials which make this type more expensive than conventional type.

The main losses are stator copper loss, rotor copper losses, core losses,

friction and windings loss, and by suitable design steps, these losses

reduced then the motor efficiency increased.

The following are the details in the component of high efficient motors and

how the losses are reduced:

a) Reduce stator copper losses by increasing the amount of copper where
the resistance becomes lower and thus stator copper losses and by
reducing the number of turns in the slots of the stator to reduce the
stator resistance and thus stator copper losses.

b) Reduce rotor copper losses can be achieved by using large, high
conductivity rotor bars and end rings.

c) The losses of core can be reduced by using thinner lamination steel
which reduces eddy current losses, increasing stator and rotor core
length which leads to lower magnetic energy and using high silicon
laminated steel which reduces hysteresis losses.

d) Stray losses reduced by installing rotor bars from the lamination.

e) Reduce windings losses by using low losses motor cooling fans.[19]

2.2 Lighting Systems:

Lighting has a large part of total consumption of electrical energy, so it is

important to save energy in lighting which that leads to good values of

saving.
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Saving in lighting system can achieved by reducing illumination levels,
improving the efficiency of lighting system, reduce operating hours and use
the day lighting as possible as.
To apply energy conservation in lighting many things must be considered
as the following:
1- Asses the recent case: - Room classification, Room characteristics and
fixture characteristics.
2- Evaluation of lighting levels and lighting quality.
3- Estimation electrical consumption.
4- Calculation of energy cost saving after applying the energy conservation
in lighting.
2.2.1 Lighting Efficiency and Lighting Basics:
There are many ways to improve the lighting systems efficiency and after
studying the lighting systems and understanding them it will be easy to
choose a suitable way to improve the efficiency of lighting systems.
There are two common lighting methods can applied, one is called the
“lumen method” and the other is the “point by point method” and we will
talk in details about “lumen method because this method will be used.
- Lumen method:
Foot- candle is the luminance on a surface of one square foot in area having
a uniformly distributed flux of one lumen, this method used commonly due

to its simplicity.
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The following formula shows this method clearly:
N = Fi*A

(2.3)
Lo* L1 * Lp * Cy

Where:

N= number of required lamps.

F1= required foot- candle level at the task and that taken from standard
catalogues, A = Area of the space.

L= output lumen per lamp and that taken from the catalogue of the lamp,
C.= Coefficient of utilization and that related to reflected or absorbed light
and its value from catalogues.

L,= Depreciation factor of the lamp and that factor takes into account that
the lamp lumen depreciates with time.

L,= It is luminare (fixture) dirt depreciation factor and that depending on
the space.

To reduce the energy of lighting there are four options as the

following:

1) Reduce light levels.

1) Use more efficient equipment.

iii) Provide light when needed at the task with required level.

Iv) Use control and reduce lighting loads automatically.
It’s important to consider the trade-off between the initial and operating
costs upon product perform like: life, efficacy, color, glare and color

rendering. [18]
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2.2.2 Light sources:
Many types used for light sources and each type has characteristics and it
differs from type to another and that will be explained briefly in the

following:

1- Incandescent lamps:
This type is the lowest efficiency type in the comparison to other
commonly used lamps.

Incandescent lamps not used in large areas, but it used in general and in

large scale due to its low capital cost.

This type of lamps has not good lumen maintenance throughout their life

time.

2- Fluorescent lamps:

This type has big advances in the last ten years and this type has several

styles of wattage, compacted lamps recently there has been new style of

products.

The efficacy range of this type is from 65Im/w to over 90Im/w; also the

range of colors is more complete than mercury vapor.

- Compacted fluorescent lamps (CFL) open up a whole new market for
fluorescent sources, this type has a design of much smaller luminaries
which can complete with incandescent and mercury vapor in the low
cost.

In general this type is good, but lumen maintenance throughout the lifetime

of lamp is a problem for some types of fluorescent lamps.
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- Energy efficient “plus” fluorescents:
This type represents the second generation of improved fluorescent
lighting.
The bulbs are available for replacement of standard 4 — foot 40 W, bulbs
and require only 32 W with the same light levels but it need to change the
ballast.
Metal halide lamps:
This type has efficacy range from 50 t0100 Im/W, so this type more energy
efficient than mercury vapor but some — what than high pressure sodium.
These types generally have fairly good color rendering qualities, it also has
some distinct drawbacks including relatively short life for an HID lamps.
3- High pressure sodium lamps (HPS):
The efficacy of this type is from 60 t0130 Im/W and that considered as high
efficacy.
The construction is very similar to mercury vapor and metal halide, lifetime
if this type is around 2400 hours and the lumen maintenance is good and
due to high efficacy these lamps used in industrial sector and outdoor
applications. [18]
2.2.3 Ways and techniques to energy conservation in lighting systems:
2.2.3.1 Electronic ballasts:
This method used for fluorescent lamps to save energy where it adopts high
frequency inverter to drive fluorescent lamps (20 — 30 KHz) and these

lamps have good efficiency when it works in high frequency and the
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efficiency of lighting units is 20 — 30 % higher than the lighting units
driven by magnetic ballasts.
It supplies power to fluorescent lamps by a power factor corrector in series
with a high frequency inverter where the power factor in magnetic ballast
very low while in electronic ballasts may be up to 99%. [15, 18]

Figure 2.6 shows the schematic of electronic ballasts:

s tEP E |

Fluorescent
Power factor Invertar lamp

correction

Fig 2.6: schematic of electronic ballasts [15]

Certainly that’s lead to increase in the efficacy of the lamp, for example the
efficacy of two lamps 40 W  T-12 rapid- stand system increased from
63Im/W to over 80 Im/W. [18]

2.2.3.2 Applying Lumen method:

This method will depend on applying equation (2.3) according to standard
tables of lighting levels and properties of working space.

2.3 Power factor:

Inefficient operation of electrical distribution systems is mainly from a low
power factor.

Power factor correction is cost — effective when utility penalties are
imposed.

Improving power factor can achieve by power factor correction devices and

ways.
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The power has two parts: resistive and reactive part, where the pure
resistive power is known as watt, while reactive power is referred to as the
reactive volt amperes. [18]
For a balanced 3- phase load:
P=v3*V_*I_*cos © (2.4)
Volt ampere ' ;;\Y\E/r factor
And for single phase:

P=V*I*cos©O (2.5)

Power factor can be corrected by using passive power and active power
methods where the passive power method installed to compensate inductive
loads by capacitor and the active power method installed to control input

current to be in phase with voltage by using semiconductors. [15]

2.3.1 Methods to improve the power factor:

1- Energy efficient motors: where this method is a better alternative for
small motors (5 — 20 hp) and from the characteristics of energy efficient
motors that they provide high efficiency and power factor in both
partial and full load conditions.

2- Capacitor compensation: where that used especially for motors below 5
hp and above 20 hp and this method is usually more economical, also
this method used to correct the power factor to overall the utility where
the capacitors installed in the main electrical distribution boards and

controlled by power factor controller. [15]



2.3.2 Impacts of low power factor in industrial sector and electrical

network:

Low power factor lead to increase in the current drawn from the network,
then increase the power losses in the network, also that leads to voltage
drop in the distribution lines, on the other hand low power factor leads to

high penalty on the facilities and distribution companies to main supply

company. [20]
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Figure 2.7 shows power losses as a function of p.f:
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Fig 2.7: power losses as a function of p.f [20]

Figure 2.8 shows voltage drop as a function of p.f:
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Fig 2.8: voltage drop as a function of p.f [20]
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Table 2.1 shows power factor penalties in Palestine:

Table 2.1: Power factor Penalties in Palestine [20]

Power factor Penalty

0.92 or more No penalty
1% of the total bill for every 0.01 of power

Less than 0.92 10 0.8 factor less than 0.92

Less than 0.8 t0 0.7 1.25% of the total bill for every 0.01 of power
factor less than 0.92

Less than 0.7 1.5% of the total bill for every 0.01 of power

factor less than 0.92

2.4 Energy management techniques:

2.4.1 Time of day billing:

Many utilities charge their users according to the time of day, where the
energy and demand during peak periods billed at much higher rates than

consumption during other times. [18]

2.4.2 Load management:

It is the method of scheduling the loads to reduce the consumption of
electrical energy and reduce the maximum demand which leads to improve
the load factor of the system, load factor is a measure of electrical
efficiency of a facility and it is a relationship between consumed electrical

energy and the maximum demand through the same period.

L.F (%) = kWh (2.6)
Kw * hours
This equation has another simpler form L.F (%) = Pa

Pmax
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Theoretical maximum load factor is one and the ideal load factor will be

close to one as possible. [18, 21]
This method can be applied by:

1- Utility rate structure: to reduce use of electricity during peak
periods.
2- Re — schedule the consumption of energy to non peak periods.
3- Control the loads automatically by using load demand controller
or computers. [15]
2.5 Compressed air systems:
Compressed air systems used widely in industrial sector due to its
availability, cleanness, easy using and importance in manufacturing, but
unfortunately compressed air systems considered as an expensive form of
energy in the plant where located because only 19% of used power
converted to useful form and the other 81% is lost as heat.

Figure 2.9 shows the compressor costs over a ten year lifecycle:

Fig 2.9: compressor costs over a ten years lifecycle [22]
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With a value of 73% of the cost of energy, that indicate to a great cost
savings will be gained by energy efficiency improvement of compressed air
systems, also which will improve the system’s performance.
Energy efficiency also reduces the ratio of the compressed air used for
production and minimizes unwanted losses.
Figure 2.10 shows how much demand on compressed air systems can be

lost:

System

Artificial
demand &

Artificia
demand 16%

Leaks 19

Fig 2.10: compressed air usage and potential savings for the typical compressed air use [22]
The cost of compressed air has two important factors which are: the type of
compressor control and the suitable size of compressor, where the
oversized compressors and inefficient control modes of compressors
consume highest energy and highest annual costs. [22, 23, 24, 25]

2.5.1 Ways to improve efficiency of compressed air systems:

2.5.1.1 Using outside intake air:

Generally, the air supplied to the compressor’s intake is from the

compressor room and that consume more energy, because the air expands
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at higher temperature, so the compressor need to work harder to compress
this hot air.
The solution of that is by using cooler air from outside instead of the air
from the compressor room, as thumb rule each 3°C will save 1% of
compressor energy. [25]
Table 2.2 shows clearly the effect of inlet air temperature to the energy
reduction and amount of saved money in Australia: [22]
Table 2.2: annual energy and cost savings with reduced compressor

inlet temperature [22].

Air Intake
temperature
reduction 3°C 6°C 10°C 20°C

From table 2.2 it’s clear that this depends on the power of the compressor

and the reduction in the air intake temperature.

2.6 Waste heat recovery:

Waste heat is a heat produced from a process of fuel combustion and
released to outside or not use it although it could be used in useful and
economic applications and the device used to apply that is economizer or

heat exchanger.
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By heat recovery technique many benefits could achieved such as: increase
the efficiency of the system which lead to reduction in fuel consumption
and reduce the harmful emissions then make the system more

environmentally.

Waste heat recovery can apply for example in burners where the stacks
pass the flue gases which holding thermal energy where normally it
released to atmosphere, then that lead to reduction in fuel consumption.

[26]

2.7 Utilizing solar energy:
According to the dependence on fossil fuels to generate energy and the
ratio of 80% from the global energy consumption from conventional

energy resources, there are two important facts must be known:

1- Coal and oil production in the world will reach its maximum in
2015, and then it will decrease.
2- The global uranium production is expected to reach its maximum in
2035, but the biggest problem is in the waste of this fuel. [15,27]
Industrial sector has large energy consumption, so it is feasible to study
how to use some renewable energy sources to reduce the energy

consumption and environmental impact.

Fig 2.11 shows the global energy consumption in industrial sector and it

increase from period to period:
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Fig 2.11: Global industrial sector energy consumption during 2006-2030 [27].

According to figure 2.11, due to increase in conventional fuel prices and

environmental impacts, companies are looking to another energy source.

Among all renewable energy resources, solar energy has a best choice and

it is the preferred from other renewable resources.

Solar energy available with big quantities, free, clean and it does not make

any noise. [27].

Solar energy eliminate the need of fossil fuel in energy generation, but it is

varying from place to another unlike fossil fuel which completely available.

Many types of renewable energy like solar energy can provide very large
quantities of sustainable energy with overall efficiency higher than 10%

with small environmental impacts. [28].

Solar energy applications in industrial sector divided to two main

categories: solar thermal and photovoltaic.
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Commonly applications in industrial sector are: hot water, steam, drying,

preheating... Etc. [27]
Table 2.3 shows the use of renewable energy in industrial sector in 2001.

Table 2.3: The use of renewable energy in industrial sector [27]

Renewable source Annual production (T]) % Global demand
Solar thermal 228720 0.523
Solar thermial (electric) 1200 0.003
Photovoltaic 630 0.001
Geothermal 128060 0.292
Geothermal (electric) 151390 0.345
Wind 35760 0.082
Tidal 2160 0.005
Total 547920 0.806

In this section | will explain two solar systems used in industrial sector:

- Solar thermal and solar water heaters.

- PV on —grid systems.
2.7.1 Solar thermal and SWH:
Solar thermal is the transformation of solar radiation to heat, it considered
the most economical alternative and it used in many applications such as:

heating air or water in domestic uses, commercial or industrial plants.

Most thermal industrial energy depends on burning fossil fuels to generate

thermal energy, so the renewable energy is good choice for that.

Commonly the applications of solar thermal energy in industry are SWH
(where that will explained in details), solar dryers, space heating and

cooling systems and water distillation. [27]
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As mentioned SWH is one of the applications of solar thermal, this type is

commonly used to heat water where the sun is the source of that type.

2.7.1.1 Optimum design of SWH in Palestine:

SWH technology started in Palestine before 45 years ago and nowadays
SWH used commonly to heat water and the type of thermosyphon open
loop system used commonly.

The following equations used to design SWH in right way:

Q=m=*Cy* AT 2.7)

Aswin = Q *5¢ (2.8)
n.* Ex

Where:

Q: Thermal Energy required for heating (W s)

m: mass of water to be heated (Kg).

Cw: specific heat of water = 4186 Ws/kg- °C

AT: temperature difference. (°C)

n: efficiency of solar collector = 40% in Palestine.

Esd: Daily average of solar radiation intensity = 5.4kWh / m? — day.

St. Factor of safety (1.15 — 1.3 in Palestine).

Usually the system consists of three parallel connected collectors and each
collector area is 1.7 m? and the storage rank of hot water is 200 liters. [11]
2.7.2 PV systems technology:

PV is a direct method of generating electricity from solar radiation by using

solid — state devices without any heat engine.
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PV devices are simple in design and require very little maintenance and
operate for an indefinite period without wearing out.
PV consists of multiple components like: cells, mechanical and electrical
connection and mountings and means of regulating and / or modifying the
electrical output. [17, 29]
PV is elegant, but unfortunately expensive technology and it used in
specialized markets like: consumer electronics remote are power supplies
and satellites.
More than 90% of PV market is crystalline silicon solar cells and this
dominance is likely to extend for many years.
Manufacturing of PV are doubling every 20 months for past 7 years. [28]
On the other hand the production of PV cells in the world increased from
10MWp / year to 1200 MWp in 2004.
Table 2.4 shows the development of PV technology between 1995 and
2005 and how that reflected to efficiency, cost and life. [27]
Table 2.4: Development of PV technology between 1995 and 2005 [27]

Parameters 1995 2000 2005
PV modules efficiency (%) 7-17 8-18 10-20
PV modules cost (5/Wp) 7-15 5-12 2-8
System life (years) 10-20 =20 =25

PV systems categorized to two main groups: stand — alone and grid
connected.

Stand — alone system is not connected to grid, and this type usually
supported by energy storage systems like rechargeable batteries to provide

electrical energy when there is no sunlight.
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Sometimes wind or hydro systems supporting each other and that called PV
hybrid systems, while grid connected system is PV system connected to the
electricity grid.
In this type the energy is consumed from grid where PV system energy not
enough and feed in the energy to the grid when there is additional energy
higher than needed and that which called “net — metering”. Grid connected
PV system will explained in details and focus the study to this type. [27]
2.7.2.1 PV -on Grid systems:
Grid connected PV systems is connected to big grid mostly to the public

electricity grid.

The range of PV systems size is from few kWp for residential purpose to

up to tens of GWp for solar power stations. [29]

In developed world, grid electricity is easily accessible as a convenient use

the grid as ‘giant battery’.

Grid can absorb PV power that is surplus to current needs especially in
sunny summer times and make that available to use by other customers and
reduce the amount of generation from conventional supply at night or
cloudy times, when the output of the PV insufficient, the grid can provide

backup energy from conventional sources.

In these PV systems a synchronous inverter is used which transfers the DC
power from PV into AC power at voltage and frequency accepted to the
grid, while debit and credit meters measure the power brought from or sold

to the utility. [17]
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2.7.2.1.1  Elements of on - grid PV systems:
Figure 2.12 shows the components of grid connected PV systems, where as

shown the main two components are: PV panel and inverter.

Sun
oA
</>QQI> : -

v

Main distnbution

panel

PV array

Fig 2.12: PV —on grid system [30]

PV panel receive the solar radiation and transfer it to electrical energy and
it has a properties according to types and location conditions as mentioned

before in details.

Inverter fix the voltage of panel operation or use maximum power point
tracking function to reach to the best operating voltage for the panel.
Inverter operates in phase with the grid and Delivers power as much as it
can to the electricity grid, also inverter convert the DC power received
from PV panel to AC power with desired voltage and frequency to be able

to use it. [30]

2.7.2.1.2  Design of on - grid PV systems:
It’s important to design grid connected PV system in right way to be able to
use its power as possible as, so it’s important to use the following equations

in the design of grid connected PV system components.
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PVenergy = Energy consumption per day (2.9)

Inverter efficiency

PVpeak power = PV energy  * safety factor (2.10)

Peak sun hours

Number of series modules = Voltage of the PV generator (2.11)

Voltage of one module

Number of strings = Number of modules (2.12)

Number of series modules
While for the inverter the following conditions must take in consideration:

- The input rating of the inverter must be equal to PV panel rating for
safety and efficient operation.
- Inverter power must be greater than to the required power.

- The inverter efficiency must be greater than 90%. [31]
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Chapter Three
Energy audit in different facilities in West Bank

Three facilities are studied in this thesis which are:

- Golden Wheat Mills Company. ( GWMC)
- National Beverages Company. (NBC)
- National Aluminum and Profile Company. (NAPCO)
3.1 Energy audit in Golden Wheat Mills Company
(GWMO):
3.1.1 About the company:
Golden Wheat Mills Company established in Ramallah in 1995 as public
share holding company, this company produces flour with many types and

this company consists of Swiss motors and machines.

There are many building in the company: Management building, Mill
building which consists of 5 floors, scale, maintenance, cafeteria,

watchman and warehouse.

Milling process consumes the highest scale of energy consumed and there
are programs in milling process and each program consists of group of
machines related to specific task and all these machines controlled by

SCADA software fully automatic.

The company fed by three transformers each transformer rated at 630 KVA
and there is standby generator with rated 620KVA and JDECO is the main

supplier to the electricity power.
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3.1.2 Energy measures opportunities in GWMC company:

In this company the situation of existing energy consumption will studied

in different systems as the following:

L PR

5

6

Power transformers.
Tariff system.

Motors.

Lighting systems.
Compressed air system.

Utilizing solar energy.

In this facility the energy audit needed the following instruments:

3.1.2.1

Multimeter.
Power meter.
Energy analyzer.
Luxmeter.
Thermometer.

Power transformers:

The annual electrical energy consumption in 2013 was 1863616 kWh and

no power factor penalties because the power factor corrected in right way,

figure 3.1 shows the monthly consumption of electricity during 2013. [32]
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Fig 3.1: monthly consumption of electrical energy (GWMC) [27]

The energy analyzer device is installed on the three transformers and data

were analyzed and formed the following curves.

Transformer 1 data:

Figure 3.2 shows the daily apparent power consumed for transformer 1:

— 80000
a
2
o 60000
40000 -
20000 -
0_
o QO O g 9O Q9O Q9 O Q9 O Q9 Qg 9 o 9 o 9 o Q
S5 9695909690590 86598696 89 S0
N ~N Mmoo W ™~ 000 4 N O Ao N W0
Lo B B B B B I I I T e O o I ¥ Y Y

hours

Fig 3.2: Time Vs. Apparent power curve (transformer 1, GWMC)

Figure 3.3 shows Time Vs. Three phase currents curve for transformer 1:
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Fig 3.3: Time Vs. three phase currents curve (transformer 1, GWMC)

Figure 3.4 shows Time Vs. power factor curve for transformer 1:
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Fig 3.4: Time Vs. power factor curve (transformer 1, GWMC)

- Transformer 2 data:

Figure 3.5 shows the daily apparent power consumed for transformer 2:
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Fig 3.5: Time Vs. apparent power curve (transformer 2, GWMC)
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Figure 3.6 shows Time Vs. Three phase currents curve for transformer 2:
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Fig 3.6: Time Vs. three phase currents curve (transformer 2, GWMC)

Figure 3.7 shows Time Vs. Power factor curve for transformer 2:
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Fig 3.7: Time Vs. power factor curve (transformer 2, GWMC)

- Transformer 3 data:

Figure 3.8 shows the daily apparent power consumed for transformer 3:
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Fig 3.8: Time Vs. apparent power curve (transformer 3, GWMC)
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Figure 3.9 shows Time Vs. Three phase currents curve for transformer 3:
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Fig 3.9: Time Vs. three phase currents curve (transformer 3, GWMC)

Figure 3.10 shows Time Vs. Power factor curve for transformer 3:
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Fig 3.10: Time Vs. power factor curve (transformer 3, GWMC)

Good results didn’t obtained in transformers 1 and 3 due to not normal
operation so, instead of that, | got readings from LCD display and took data
from it, to know the currents and power consumed in the company in the

normal operation | found the following curves :

- Transformer 1 : time Vs. Apparent power ( reading taken every 30

minutes):
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Fig 3.11: Time Vs. apparent power [enhanced readings, transformer 1, GWMC]

- Transformer 3 time Vs. apparent power ( reading taken every 30

minutes):
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Fig 3.12: Time Vs. apparent power [enhanced readings, transformer 3, GWMC]

Now 1t’s clear to make the needed calculations to load factor for the
transformers and utility according to daily load curve and according to

equation (2.6) {L.F=Sa/ Smax }

Load factor for transformers will show in table 3.1 considering the average

apparent power in each transformer and the rated for transformers:
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Table 3.1: load factor for transformers

Transformer number | Say (KVA) | Smax (KVA) | Load factor (%)
Transformer 1 103 630 16.35
Transformer 2 123.35 630 19.58
Transformer 3 100.11 630 15.89

Load factor for the daily load curve of the utility panels show in table 3.2

as the following:

Table 3.2: Load factor for the utility panels

Panel Number | Sav (KVA) | Smax (KVA) | Load factor (%)
Panel 1 103 340 30.29
Panel 2 123.35 390 31.62
Panel 3 100.11 325 30.8

The average apparent power in three transformers were small because the

load daily operation is 8 hours not during 24 hours, on the other hand the

results from one time not enough to reflect the accurate results.

3.1.2.2 Energy conservation in the motors in the company:

Motors are the main loads in factories in general and the saving on them

reflects to big effect in the reducing the consumption which leads to reduce

the running cost.
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There are many motors in the company (around 200 motors), but the
studied sample was 30 motors which are high power motors and drives

heavy loads.

The range of the power for these motors is from 5.5kW to 132kW and the
types are ABB and Brock Hansen.

In these motors two energy saving methods could be applied, using
inverters and replacing with efficient motors and that shown in tables 3.2

and 3.3.

Table 3. 3 show the measured data of these motors and the electrical
energy saved by using inverters where the saving could be gained of

electrical energy is 30%.

Also Table 3.4 showing the needed measured data which held to evaluate
the operation of these motors and see the ability to replace these motors by
high efficient according to appendix [F], also decide if the size is suitable
according to loads and measured currents and power, then show the energy

saved by this method.
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a) Energy saving in motors by using inverters:

Table 3.3: motors consumption and saving in electrical energy from

using inverters

Yearly | Yearly consumption Yearly saving in
Motor | Power - . :
number | (kW) operating | of electrical energy electrical energy
hours (KWh) (kwh)
3-M014 13.63 1600 21808 6542.4
3-M026 13.65 1600 21840 6552
3-M524 13.5 1600 21600 6480
3-M012 24 1600 38400 11520
3-M504 17.5 1600 28000 8400
3-M503 20.7 1600 33120 9936
3-M006 27 1600 43200 12960
3-M021 12.5 1600 20000 6000
3-M022 17.6 1600 28160 8448
3-M525 16.5 1600 26400 7920
3-M040 9.73 1600 15568 4670.4
3-M037 12.85 1600 20560 6168
3-M036 13.28 1600 21248 6374.4
3-M035 9.95 1600 15920 4776
3-M023 12.78 1600 20448 6134.4
3-M043 6.5 1600 10400 3120
3-M532 7.5 1600 12000 3600
3-M044 7.1 1600 11360 3408
3-M045 7 1600 11200 3360
3-M061 24 1600 3840 1152
3-M531 4.14 1600 6624 1987.2
3-M546 1.14 1600 1824 547.2
3-M505 17.9 1600 28640 8592
3-M500 62 1600 99200 29760
3-M001 118 1600 188800 56640
4-M502 6.7 1600 10720 3216
3-M025 14.25 1600 22800 6840
2-M011 7.78 3000 23340 7002
5-M001 8 3000 24000 7200
4-M001 41.78 1200 50136 15040.8
Total
Total yearly consumption (KWh 881156 vearly | 9643468
y y P ( ) saving
(KWh)
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b) Energy saving in motors by replacing them with efficient motors:

Table 3.4: motors consumption and saving in electrical energy from

replacing motors by efficient motors.

Yearly Yearly
Motor Power Year!y consump.tion Old Ability to New saving in
number (kW) Opﬁ rating | of electrical efficiency | replacement | efficiency electrical
ours energy energy
(KWh) (kwh)
3-M014 13.63 1600 21808 0.911 yes 0.928 720.05
3-M026 13.65 1600 21840 0.892 yes 0.928 1297.74
3-M524 135 1600 21600 0.916 yes 0.928 421.25
3-M012 24 1600 38400 0.931 yes 0.936 273.96
3-M504 17.5 1600 28000 0.95 no need ** 0
3-M503 20.7 1600 33120 0.933 no need ** 0
3-M006 27 1600 43200 0.933 no need ** 0
3-M021 12,5 1600 20000 0.912 yes 0.928 676.95
3-M022 17.6 1600 28160 0.912 yes 0.928 676.95
3-M525 16.5 1600 26400 0.892 yes 0.928 1297.74
3-M040 9.73 1600 15568 0.884 yes 0.92 1056.71
3-M037 12.85 1600 20560 0.884 yes 0.92 1056.71
3-M036 13.28 1600 21248 0.884 yes 0.92 1056.71
3-M035 9.95 1600 15920 0.884 yes 0.92 1056.71
3-M023 12.78 1600 20448 0.916 yes 0.928 421.25
3-M043 6.5 1600 10400 0.879 yes 0.915 7590.93
3-M532 7.5 1600 12000 0.908 yes 0.92 342.93
3-M044 7.1 1600 11360 0.879 yes 0.915 7590.93
3-M045 7 1600 11200 0.879 yes 0.915 7590.93
3-M061 24 1600 3840 0.862 yes 0.879 3595.61
3-M531 4.14 1600 6624 0.908 yes 0.911 13188.66
3-M546 1.14 1600 1824 0.853 yes 0.879 3705.19
3-M505 17.9 1600 28640 0.937 no need ** 0
3-M500 62 1600 99200 0.939 yes 0.945 807.07
3-M001 118 1600 188800 0.958 no need ** 0
4-M502 6.7 1600 10720 0.831 yes 0.911 1261.32
3-M025 14.25 1600 22800 0.909 yes 0.928 672.11
2-M011 7.78 3000 23340 0.879 yes 0.92 2269.33
5-M001 8 3000 24000 0.869 yes 0.915 1942.72
4-M001 41.78 1200 50136 0.939 yes 0.945 453.98
Total yea;llzlv\c/%r)]sumptlon 881156 Total yearly saving (kWh) 61023.81
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This sample of motors consumes around 47.28% from the total electrical
energy.

As mentioned before the percentage of expected saving in electrical energy
by using inverters is 30% and from the total yearly saving in electrical

energy is 14.18%.

Equation (2.2) shows the efficiency of the motors and according to this
equation another simplified form of this equation formed to calculate the

effect of replacing conventional motors by efficient easily as shown below.
AP = Pout (1/111 - 1/ I[z) (3.1)

The percentage of expected saving in electrical energy from this method is

around 6.93% and from the total yearly electrical energy is 3.27%.

From all that the total yearly saving in electrical energy in motors is
325370.61kWh and the percentage of total saving in motors is 36.93% and

from the total electrical energy consumption in the company is 17.46%.

3.1.2.3 Energy conservation in the lighting systems in the company:

Lighting systems has a good chance in energy conservation because many
ways to reduce consumption can apply for example in awareness, using
efficient equipments and using the solar radiation to supply electrical

energy.

According to large number of fluorescent lamp units the suggestion is to
replace the magnetic ballast by electronic where that lead to good value of

energy conservation.
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In general most spaces used natural light and the concentration of lighting
study is replacing the magnetic ballasts with electronic in fluorescent
lamps, but we noticed a dark space in the mill (11Im/m?) and not possible
to use the natural light where we didn’t stop, so we measured the lux by
luxmeter for this space and it was1llm/m? and see the suitable lights
suggestion to the space and if it needs to add unit lamps according to
standards in this space (100 Im/m?) and the equation used to make the
calculations of install or remove units is equation (2.3) by using lumen

method.
From all that in lighting system the concentration will be on:

- Study the lighting level in mentioned space in the company to reach to
optimum case.

- Replace the magnetic ballasts in fluorescent lamps by electronic
ballasts.

- Replace incandescent lamps with CFL 20 watt lamps.

Table 3.5 shows the lighting types in company spaces with a yearly

consumption of electricity:
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company
Power Yearl Yearly
Space Lamps types Number (W) operati>rllg consumed
of units | [include hours electrical
ballasts] energy (kwh)
FL 4*18 W 45 3600 1848 6652.8
FL 1*36 W 5 205 600 123
Offices | CFL 2*26 W 28 1680 1848 3104.64
CFL 1*13W 6 96 1848 177.408
CFL 1*20 W 2 40 1200 48
Watchman FL 2*36 W 4 331.2 8760 2901.312
INC 1*75W 1 75 1460 109.5
FL 4*18 W 8 640 3600 2304
Cafeteria | FL 2*36 W 1 82.8 3600 298.08
CFL 2*26 W 21 1260 3600 4536
maintenan | FL 2*36 W 20 1656 1200 1987.2
ce INC 1*75W 2 150 600 90
Bags |kl oxzew 3 248.4 900 223.56
printing
Bran Metal halide
warehouse 400 W 8 3360 600 2016
Scale FL 2*36W 2 165.6 1200 198.72
Mill,
ground FL 2*36W 93 7700.4 3600 27721.44
floor
Mill, 1% -
floor FL 2*36 W 84 6955.2 3600 25038.72
Mill, 2¢ -
floor FL 2*36 W 46 3808.8 3600 13711.68
Mill, 31 -
floor FL 2*36 W 41 3394.8 3600 12221.28
Mill, 4t N
floor FL 2*36W 47 3891.6 3600 14009.76
Mill, 51 -
floor FL 2*36 W 59 4885.2 3600 17586.72
External MH 400W 13 5460 4380 23914.8
Total ( KWh) 158974.6

Lighting system has a percentage of 8.53% of total electrical energy.
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- Suggestions in lighting system conservation opportunities in the

company:

a) In the company there is a space darker than needed and by measuring
lighting level in this space it was 11lm/m?, and according to the
standards it must be 100 Im/m? and the suggestion is to reduce the
height of lamp units by using chains and increase the tall of the wires to
increase lighting level and that lead to remove extra lighting units and |
found 15 units (FL 2*36 W) need to reduce their heights.
The saving gained by this method is removing 2 units (FL 2*36 W)
which leads to yearly saving in electrical energy 596.16kWh.

b) Replacing incandescent lamps with CFL 20 watt lamps:

Most lamps in the company are CFL 20 watt lamps, but there are 3

incandescent lamps 75 watts as shown in table 3.4, | propose to replace

them with CFL 20 watt lamps and from that the total yearly saving is
53.2kWh.

c) Opportunity to replace magnetic ballast by electronic ballast:

1- FL 2*36 W units:

In magnetic ballast each unit consume 82.8 W after measuring by

powermeter and in electronic ballast the consumption became 72.128 W

after measuring by powermeter where the amount of saving is 10.672*103

kW for each unit where each one needs two ballasts with one ballast for

one lamp.

2- FL 1*36 W units:
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In magnetic ballast each unit consume 41.4 W after measuring by
powermeter and in electronic ballast the consumption became 36.064 W
after measuring by powermeter where the amount of saving is 5.336*10°3
kW for each unit where each one needs one ballast.

3-FL 4*18 W units:

In magnetic ballast each unit consume 80.04 W after measuring
by powermeter and in electronic ballast the consumption became 72.128 W
after measuring by powermeter where the amount of saving is7.912*10
SkW for each unit where each one needs two ballasts with one ballast for
two lamps.
Table 3.6 shows in details yearly saving electrical energy in fluorescent

lamps after using electronic ballast instead of magnetic.
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Table 3.6: yearly saving in electrical energy in fluorescent lamps after
using electronic ballasts

Yearly
saving for | Yearly saved
Number . ? i
space Lamps types . each unit | operatin | electrical
of units

(kW) g hours energy

(KWh)

) FL 4*18W 45 0.007912 1848 657.96

offices

FL 1*36 W 5 0.005336 600 16.01

Watchman FL 2*36 W 4 0.010672 8760 373.94

. FL 4*18W 8 0.007912 3600 227.87

Cafeteria

FL 2*36 W 1 0.010672 3600 38.41

maintenance | FL 2*36 W 20 0.010672 1200 256.13

Bags printing | FL  2*36 W 3 0.010672 900 28.81

scale FL 2*36 W 2 0.010672 1200 25.61
M'”f’lgg‘;“”d FL 2*36W | 93 0.010672 | 3600 | 3572.99
Mill, 1% floor | FL 2*36 W 84 0.010672 3600 3227.213

Mill, 2n N

floor FL 2*36 W 46 0.010672 3600 1767.28
Mill, 3" floor | FL 2*36 W 41 0.010672 3600 1575.19
Mill, 4" floor | FL 2*36 W 47 0.010672 3600 1805.702
Mill, 5" floor | FL 2*36 W 59 0.010672 3600 2266.733

Total yearly saved electrical energy ( kWh) 15839.86

The total yearly saving in lighting system is 16489.22 kWh, so the
percentage of total saving in lighting system is 10.37% and from total

yearly electrical energy is 0.88%.

3.1.2.4 Analysis of compressed air system in the company:
Compressed air system is a very important system in this company because
every element in manufacturing processes use compressed air also this

system has a large consumption in the comparison with other systems and
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that found clearly in this company where the compressed air system has a

percentage of 2.96% from overall consumption of electrical energy.
Compressor unit has the following characteristics:

Pressure: 10 bar.

Flow rate: 58.1 L/sec.

Power: 22kW, 30 HP.

Rotation: 2940 r/min.

During the operation the load factor was around 50% and daily
consumption in electrical energy is 176kWh/day with 16 operating hours
daily day and night and the yearly electrical consumption is 52800kWh

with a percentage of total electrical consumption 2.83%

Leakage detection in compressed air system is difficult and need special
detection device also the pipes installation and design, so the suggestion is
to reduce the temperature of inlet air to see how that reduce the

consumption of electrical energy.

According to thumb rule each 3°C of reduced temperature save around 1%
of compressor energy [25], table 3.7 shows the yearly saving in electrical

energy in compressed air system:
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Table 3.7: yearly saving in electrical energy in compressed air system

Temperature Percentag | Operating Savmg In
Season difference (°C)* | e of saving hours electrical
energy (kwWh)
Summer 10 3% 864 285.12
Spring and 12 4% 2688 1182.72
autumn
Winter 15 5% 1248 686.4
Total yearly saving in electrical energy (kWh) 2154.24

e These values taken according to estimated temperature from the installed thermometer
during the year.
From all that the percentage of saving in compressed air system is around
4.08% and from the total yearly consumption of electrical energy is
0.12%.

Summary:

The overall yearly saving in electrical energy after applying the suggestion
methods to reduce the consumption of electrical energy will show in
table3.8:

Table 3.8: overall yearly saving in electrical energy (GWMC)

Amount of | Percentage of Percentage of
yearly yearly saving | yearly saving from
System : ; :
saving from system’s total electrical
(kWh) consumption energy
Motors
(inverters 325370.61 36.93% 17.46%
and efficient
motors)
Lighting 16489.22 10.37% 0.88%
Compressed air 2154.24 4.08% 0.12%
Overall yearly | 34401407 | - 18.46%
saving
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3.1.2.5 Analysis of utilizing solar energy in GWMC company:
In this company the proposed use of solar energy divided to two uses which
are solar water heater to heat water and PV on grid system to generate
electricity and that will explain in the following sections with take

consideration of daily electricity consumption of 5105.8 kWh.

3.1.2.5.1 Solar thermal energy and SWH in GWMC company:

In this company the use of hot water is only for domestic uses where there
are three hot water boilers in: maintenance, cafeteria and management
building and table 3.9 show the yearly consumption of electrical energy for

hot water boilers which measured by multi meter.

Table 3.9: yearly consumption of hot water boilers

Yearly

location Current | Voltage | Power o;\)(eerz?i%g Coer;zg{piiilof

(A) (V) (kw) hours energy

(KWh)

Maintenance | 10.67 219 | 2.3367 900 2103.03

Cafeteriaand | 1051 | 519 |223509| 1500 3354
toilets

Management |, /o 220 | 2.3056 600 1383.36
building

Total 6840.39

The percentage of the electrical consumption of hot water boilers is 0.38%

from the total electrical consumption.

The suggestion is using SWH to reduce the consumption of electrical

energy and save good amount of cost.
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- Design of SWH:

To compute the energy consumed by this 200 liter of hot water, we
assumed that the average temperature of the water is 20°C, and the solar
collectors will increase it to 65°C; then energy needed could be calculated

using equation (2.7)

So after using the equation (2.7) to compute energy consumption | obtain:
Q=mxCyxAT

Q =200 *4.186 * [65 — 20]

Q=37674 KJ

R 10.4654kWh/day

3600k

E =37674k)*

Now after calculating the energy needed per day on the basis of kWh/day,

the solar panels could be designed by using equation (2.8):

Acollector = Energy

Solar radiation daily intensity * neoliector

Acollector = 104654 = 485 m2.

5.4*0.4

Area of SWH
Area of Collector

Number of collectors =
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The number of collector as the following:

4.85m? e
1.7m?2

Number of collectors =

So, three collectors will be used, and the actual area of collectors is 3*1.7 =

5.1 m2.

Table 3.10 shows the amount of saving in electrical energy after installing

SWH:

Table 3.10: yearly saved electrical energy after installing SWH

Yearly operatin Yearly saving in
Location hour)'/s oﬁ‘) SWHg electrical energy
(kwh)
Maintenance 630 1472.121
Cafeteria and toilets 1050 2347.79
Management building 420 968.352
Total (kWh) 4788.263

The percentage of saving is around 70% of the consumption of hot water

boilers and from the total yearly electrical energy is 0.26%.

3.1.25.2 Analysis of utilizing on — grid PV system in GWMC
company:

The proposed PV on grid systems in this company and other companies is
design PV systems to reduce the total electricity consumption with a
percentage 10% as the following:

The daily electricity consumption is 5105.797kWh and 10% of this value is
510.58kWh, so the minimum produced PV energy is 510.58kWh and in
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design the system must be larger to be able to sell the surplus electrical

energy.

We need to apply equations (2.9) and (2.10) to design good PV system as

the following:
PVenergy = 510.58/0.9 = 567.31kWh.
PV peak power = (567.31/5.4) * 1.2 = 126kW.

The suggestion is to use PV module type Poly HSL 72 300 W where its

peak power is 300 W at standard conditions.
Number of modules = 126/0.3 = 420.23 modules.

To make sure to cover needed load and to obtain net metering tariff my
suggestion is to use 500 modules, so the peak power of this PV system is

150kW.

Then divide this system to 5 subsystems (arrays) with 100 modules and the
peak power 30kW for each to make the system easier in maintenance and

provide many sectors in the facility as possible as.

According to equation (2.11) and the electrical properties of PV module the

number of series modules in one array is 48/36.1 = 1.33 =2 modules.

According to equation (2.12) to calculate the number of strings it will be

100/2 = 50 strings in each array.
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From all that the inverters used are 5 three phase on grid inverters and their

type is ABB PRO — 33.0 — TL — OUTD with 33kW rated and 90%

efficiency.

If each 1 kilowatt peak PV modules need 9m? area, so this system needs

150*9 = 1350 m? divided to 5 arrays where each array needs 270 m? areas.

Fig 3.13 shows the diagram of on — grid PV system in GWMC:

A
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3- phase on —grid
inverter

Load
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Fig 3.13: PV —on grid diagram in GWMC
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e Summary:
Table 3.11 will shows the overall saving could gain from utilizing solar

energy (SWH and PV — on grid system).

Table 3.11: the overall saving from utilizing solar energy (GWMC)

Percentage of
Percentage of ;
Amount of ; yearly saving
. yearly saving
system yearly saving from svstem’s from total
(KWh) ystel electrical
consumption
energy
Hot water and 0 0
SWH 4788.263 70% 0.26%
PV—ongrid | yga3516 | eee- 10%
system
Overall
: 191149863 | = --—--- 10.26%
yearly saving

3.2 Energy audit in National Beverages Company (NBC):
3.2.1 About the company:

National Beverages Company established by a group of Palestinian
businessmen in 1998 as a private limited company in the food and beverage
sector and this company comprises of more than 350 employees and its

location in Ramallah.

NBC is licensed with the international Coca-Cola Company to produce
high quality carbonated soft drinks, mineral water and juices using state of

the art manufacturing technologies.

The area of the factory is about 1200 m? with two buildings: offices and

factory.
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The company fed by two transformers with a rated of 1000 KVVA each and
JDECO is the supplier of the electricity.

3.2.2 Energy management opportunities in NBC:
During the visit to the company, we found that the following systems can

be included in our analysis for determining energy conservation measures:

l_\
1

Power transformers.

N
1

Motors.

w
1

Lighting systems.
4

Compressed air system.

5- Utilizing solar energy.

In this facility the energy audit needed the following instruments:

- Multimeter.

- Power meter.

- Energy analyzer.

- Luxmeter.

- Thermometer.
3.2.2.1 Power transformers:
The annual electrical energy consumption is 4723914.6kWh according to
estimation from energy analyzer readings and no power factor penalties
because the power factor corrected.
The energy analyzer device is installed on the two transformers and data

were analyzed and formed the following curves.
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Transformer 1 data:

Figure 3.14 shows the daily apparent power consumed for transformer 1:
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Fig 3.14: Time Vs. apparent power curve (transformer 1, NBC)

Figure 3.15 shows Time Vs. Three phase currents curve for transformer 1:
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Fig 3.15: Time Vs. Three phase currents curve (transformer 1, NBC)

Figure 3.16 shows Time Vs. Power factor curve for transformer 1:
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Fig 3.16: Time Vs. power factor curve (transformer 1, NBC)
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- Transformer 2 data:

Figure 3.17 shows the daily apparent power consumed for transformer 2:
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Fig 3.17: Time Vs. apparent power curve (transformer 2, NBC)

Figure 3.18 shows Time Vs. Three phase currents curve for transformer 2:
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Fig 3.18: Time Vs. Three phase currents curve (transformer 2, NBC)

Figure 3.19 shows Time Vs. Power factor curve for transformer 2:
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Fig 3.19: Time Vs. power factor curve (transformer 2, NBC)
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Now it’s clear to make the needed calculations to load factor for the

transformers panels of the utility by using equation (2.6) as the following:
For transformers table 3.12 shows that in details:

Table 3.12: load factor for transformers

Transformer o
aumber Sav (KVA) | Smax (KVA) | Load factor (%0)

Transformer 1 417.93 1000 41.79

Transformer 2 325.59 1000 32.56

Load factor for the daily load curve of the utility panels show in table 3.13

as the following:

Table 3.13: load factor for utility panels

Panel number | Sav (KVA) | Smax (KVA) | Load factor (%0)

Transformer 1 417.93 564.77 74

Transformer 2 325.59 571.21 57

Load factor for the transformers is low, but take one reading not reflect the
normal condition of the loads, on the other hand the daily load factor of the

utility in good.



75
3.2.2.2 Energy conservation in the motors in the company:
In this company there are many motors drive loads and certainly it’s

feasible to see techniques to save energy in motors.

Most motors are small and drive small loads, but there are seven big motors

used to compression processes and their rating from 55kW to 280kW.

Table 3.14 show the needed measured data to evaluate the operation of
these motors and see the ability to replace these motors by efficient motors
according to appendix (F), also decide if the size is suitable or not
according to loads and measured currents and power, and see the effect of

using inverters in these motors then show the energy saved by this method.

e Due these motors are compressors the estimated load factor is 50%, and
that means half time working with no load and the another half time

working with load.
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Table 3.14: motors consumption and saving in electrical energy from

vearl Yearly Ability Yearly
Motor | Power Y consumption of Old to New saving in
operating . g -
name (kW) hours electrical energy | efficiency | replace | efficiency energy
(kwh) ment (kWh)
i%r?%r 158 6000 474000 0.854 Yes 0.955 69288.35
PET 1
comp 66 3000 99000 0.804 Yes 0.944 25801.21
55;5 66 3000 99000 0.804 Yes 0.944 | 25801.21
%OAn':'pl 57 3000 85500 0.822 Yes 0.945 | 17718.69
%OAn':': 57 3000 85500 0.822 Yes 0.945 | 17718.69
,(\:I(I):zn?pl 44 3000 66000 0.849 Yes 0.945 10042.07
NRB2 44 3000 66000 0.849 yes 0.945 10042.07
comp
Total year('lz’V@?];‘S“mp“o” 975000 Total yearly saving (KWh) 176412.29

replacing motors by efficient motors

These data from measurements by power meter and multimeter and analyze

them to know the feasibility of suggestion replacing the motors.

The percentage of the consumption of this sample of motors to the total

yearly consumption of electrical energy is around 20.64%.

If we used inverters in these motors we can reduce the electrical
consumption with a percentage 30%o, then the total yearly saving will be

292500kWh.

On the other hand applying equation (3.1) show how replacing
conventional motors with efficient where this technique saved energy and
this equation applied to these motors to see the amount of total yearly

saving in electrical energy as shown in table 3.14.
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It’s clear that this sample of motors may reduce energy in a percentage of
48.1% and the amount of total yearly saving in motors is 468912.29kWh

and that with a percentage of 9.9%.

3.2.2.3 Energy conservation in the lighting system in the company:

As mentioned before about the lighting and how to save energy in this
system and show the opportunities to save energy in lighting system in this
company, where NBC already saves energy in lighting by using solar
radiation as possible as and remove extra lamps, so no need to remove or
replace lamps units, while another thing can do in lighting system which is

replacing magnetic ballasts in fluorescent lamps by electronic ballasts.

Table 3.15 shows the lighting types and yearly electricity consumption in
NBC:
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Table 3.15: lighting types and yearly consumption of electricity in NBC

Yearly
Number Power (W) Yearl_y consumed
space Lamps types of units [include | operating electricit
ballasts] hours y
(kWh)
FL 2*36 W 49 4057.2 2400 9737.28
offices FL 2*36 W 61 4880 2400 11712
CFL 2*23 W 57 2850 2400 6840
CFL 2*23 W 2 50 2400 120
Cafeteria 1 FL 1*36 W 1 41 900 36.9
Cafeteria2 | CFL 2*23 W 17 850 900 765
Store FL 1*36 W 1 41 600 24.6
Meeting | o gxo3 W 4 200 600 120
room 1
CFL 1*23 W 4 100 600 60
Meeting | cpp pwo3w | 18 1116 600 669.6
room 2
Factory FL 4*18 W 8 640 6000 3840
offices
Factory MH 400 W 26 10920 6000 65520
Syrup room MH 250 W 4 1040 6000 6240
Total (kWh) 105685.38

The percentage of the lighting consumption is around 2.24% from total

yearly consumption.

The proposed solution is replace the magnetic ballasts in fluorescent lamps
by electronic ballasts to save energy and that shown in details in table 3.16

and the amount of saving will be as the following:

1- FL 2*36 W units: 10.672*10°3kW.
2- FL 1*36 W units: 5.336*10°kW.
3- FL 4*18 W units: 7.912*103kW.



Table 3.16: yearly saving in electrical energy from using electronic

ballasts in fluorescent lamps
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: Yearly
Saving Yearly
Lamps | Number i saved
Space : for each | operating D
types | of units unit (KW) hoUTS electricity
(kKWh)
_ FL20 49 0.010672 2400 1255.03
Offices | 7+13
W 61 0.007912 2400 1158.32
Cafeteria | FL 1+36 1 0.005336 900 4.8024
1 W
*

Store | "o 1 0.005336 600 3.2016
Factory | FL 4+18 8 0.007912 6000 379.776
offices W

Total yearly saving (KWh) 2801.13

The percentage of saving in lighting system is 2.65% and from total yearly

consumption is around 0.06%.

3.2.2.4  Analysis of compressed air system in the company:

Compression processes consume energy with a high scale, so reducing in
their electrical energy will lead to saving in operating cost, one of these
techniques to save energy is reducing the temperature if input air where
each 3°C reduced temperature will save around 1% of compressor energy

where table 3.17 will show that in details.
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Table 3.17: yearly saving in electrical energy in compressed air system

NBC)
Saving in
Temperature Percentage | Operating | electrical
compressor | season difference .
(°C) of saving hours energy
(kWh)
summer 10 3% 1080 5119.2
40 bar comp | SPring and 12 4% 3360 21235.2
autumn
Winter 15 5% 1560 12324
Summer 10 3% 540 1069.2
PET 1 comp | SPring and 12 4% 1680 4435.2
autumn
winter 15 5% 780 2574
Summer 10 3% 540 1069.2
PET2 comp | SPring and 12 4% 1680 4435.2
autumn
winter 15 5% 780 2574
Summer 10 3% 540 923.4
CANL | Spring and 12 4% 1680 3830.4
comp autumn
winter 15 5% 780 2223
Summer 10 3% 540 923.4
CAN2 | Spring and 12 4% 1680 3830.4
comp autumn
winter 15 5% 780 2223
Summer 10 3% 540 712.8
NRBI | Spring and 12 4% 1680 2956.8
comp autumn
winter 15 5% 780 1716
Summer 10 3% 540 712.8
NRB2 | Spring and 12 4% 1680 2056.8
comp autumn
winter 15 5% 780 1716
Total yearly saving in electrical energy (kwWh) 79560

From all that the percentage of saving is around 8.16% and from the total

yearly consumption is around 1.68%.

e Summary:

Resulting in applying all these measures to reduce the consumption of
yearly electrical energy, table 3.18 shows the overall yearly saving in

electrical energy.
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Table 3.18: overall yearly saving in electrical energy (NBC)

Percentage of Percentage of
Amount of yearly saving yearly saving
system yeaz’il()\//\iﬁ\)/lng from system’s from total
consumption | electrical energy
Lighting 2801.13 2.65% 0.06%
motors 468912.29 48.1% 9.9%
Compressed air 79560 8.16% 1.68%
Overall yearly | 551573 42 11.64%
saving

3.2.2.5 Analysis of utilizing solar energy in NBC company:

The same thing will applied to this company, but no need to solar thermal
energy because to not use of hot water, so PV on grid system will be the
proposed system to achieve the percentage of reduction 10% from the total

electrical energy consumption.

The daily electricity consumption in this facility is12942.23kWh and 10%
of this value is 1294.22kWh, so the minimum produced PV energy is
1294.22kWh and in the design the system must be larger to be able to sell

the surplus electrical energy.

We need to apply equations (2.9) and (2.10) to design good PV system as

the following:
PVenergy = 1294.22/0.9 = 1438.02kWh.
PV peak power = (1438.02/5.4) * 1.2 = 319.56kW.

The suggestion is to use PV module type Poly HSL 72 300 W where its

peak power is 300 W at standard conditions.
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Number of modules = 319.56/0.3 = 1065.2 modules.

To make sure to cover needed load and to obtain net metering tariff the
suggestion is to use 1200 modules, so the peak power of this PV system is

360kW.

Then divide this system to 10 subsystems (arrays) with 120 modules and
the peak power 36kW for each to make the system easier in maintenance

and provide many sectors in the facility as possible as.

According to equation (2.11) to calculate the modules in series 48/36.1 =

1.33 =2 modules.

According to equation (2.12) to calculate the number of strings 120/2 = 60

strings.

From all that the inverters used are 10 three phase on grid inverters and

their type is TRESS TL S 50 KTS with 50kW rated and 90% efficiency.

If each 1 kilowatt peak PV modules need 9m? area, so this system needs

360*9 = 3240 m? divided to 10 arrays where each array needs 324 m? areas.
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Figure 3.20 will show that in details clearly:
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Fig 3.20: PV on — grid diagram in NBC

3.3 Energy audit in national aluminum and profile company
(NAPCO):

3.3.1 About the company:

National Aluminum and Profile Company (NAPCO) established as a

company in the year of 1991 in Nablus where this company produce

Aluminum and Profile products for doors, windows, kitchens, gardens and

others.

The area of the company is around 28000 m? and this company has more

than 200 employees.

The capacity of production of the company is 6000 tons for various

production lines.

This company is a main source of Aluminum manufacturing in Palestine.
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NAPCO connected to IEC Company through a distribution transformer
with a rated of 1000kVA, and there is standby diesel generator with a rated
of 1000kVA.

3.3.2 Energy measures opportunities in NAPCO company:
According to the site visit of the company, the following measures could be

studied and analysis them in details to conserve energy:

1- Power transformers.
2- Motors.
3- LPG burners and recovering waste heat from them.

In this facility the energy audit needed the following instruments:

- Multimeter.
- Power meter.
- Energy analyzer.
- Thermometer.
And we will explain in details these systems and study how to improve

efficiency and reduce consumed energy in these systems.

3.3.2.1 Power transformer in NAPCO:

The yearly consumption of electrical energy is around 2979600kWh with
monthly electricity cost 166277 NIS and yearly cost 1995324 NIS,and no
power factor penalties because the power factor corrected in right way, and
the consumption of LPG is 52 Ton/ month with a cost of 303000 NIS
monthly and from that the average yearly consumption is 624 Tons with a

cost of 3636000 NIS.
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The energy analyzer device was installed on the transformer and data were

analyzed and formed the following curves.

Figure 3.21 shows the daily apparent power consumed of the transformer:
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Fig 3.21: Time Vs. apparent power curve (NAPCO)

Figure 3.22 shows Time Vs. Three phase currents curve for the

transformer:
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Fig 3.22: Time Vs. Three phase currents curve (NAPCO)

Figure 3.23 shows Time Vs. Power factor curve for the transformer:
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Fig 3.23: Time Vs. power factor curve (NAPCO)
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Now it’s clear to calculate the load factor of the transformers according to

equation (2.6):
L.f= Sa / Smax = 293.29/1000 = 29.33%.

It seems that the connected transformer is higher than the needed rated, but
that not enough to decide the replacement of the transformer where that

need to reading during a year and make sure that all loads are connected.

The daily load factor of the company is also according to equation (2.6),

but it’s important to know the maximum load during a day where it found

and its value is 329750 VA.
So L.f=293290.96 / 329750 = 88.94%.
According to that, the values of daily load factor are suitable.

3.3.2.2 Energy conservation in the motors in the company:
In NAPCO there are many motors driving many types of loads, but we
choose big motors to make our study on them according to the high

electricity consumption and their continuous operation.

The sample of motors are three 150 HP motors where these motors drive
the hydraulic pumps in the aluminum extrusion line and we will see the
effect of using inverters and replacing them with efficient motors and that

will shown clearly in tables 3.19 and 3.20.
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a) Energy saving in motors by using inverters:
Table 3.19: motors consumption and saving in electrical energy from
using inverters

Yearl Yearly
Motor | Power 0 erati)rll consumption of Yearly saving in energy (kWh)
number | (kW) ﬁours*g electrical energy y g 9y
(kWh)
1 112 7488 419328 125798.4
2 112 7488 419328 125798.4
3 112 7488 419328 125798.4
Total yearly consumption Total yearly saving
(kWh) 1257984 (kWh) 377395.2

e With 50% loading factor according to load varying.

b) Energy saving in motors by replacing them with efficient motors:
Table 3.20: motors consumption and saving in electrical energy from
replacing motors by efficient motors.

vearl Yearly Ability New Yearly
Motor | Power Y consumption Old to .. | savingin
operating . g efficie

number | (kW) hours* of electrical | efficiency | replac ne energy
energy (kWh) ement y (kWh)

1 112 7488 419328 0.89 Yes 0.95 | 29757.16

2 112 7488 419328 0.89 Yes 0.95 | 29757.16

3 112 7488 419328 0.89 Yes 0.95 | 29757.16
Total yeali:(yvszr)]sumptlon 1257984 Total yearly saving (kWh) | 89271.48

¢ With 50% loading factor according to load varying.

This sample of motors consumes 42.2% from the total yearly electricity

consumption in the company.
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As mentioned before the percentage of expected saving in electrical energy
by using inverters is 30% and from that the total yearly saving in electrical

energy is 12.67%.

According to equation (3.1) which shows how the amount of saving in
electrical energy from replacing standard motors by efficient the calculated
saving value is 89271.48kWh yearly and that means 7.09% of their

consumption and 3% from the total electricity consumption.

The total yearly saving in electrical energy is 466666.68kWh and the
percentage of total saving in motors is 37.09% and from the total electrical

consumption in the company 15.67%.

3.3.2.3 LPG burners and recovering waste heat from them in the
company:
In NAPCO there are four burners with LPG fuel, where these burners used

in melting line, homogeneity line, extrusion line and powder line.

Heating processes consume large quantities of fuel and energy conservation

on them lead to good results then to reduce the cost of these processes.

One of techniques could be applied in these burners is recovering waste

heat from flue gases.

As known the combustion processes consists of LPG as a fuel and air then

the results are flue gases and heat.
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These burners have stacks for flue gases with a temperature of 200°C and
the following tables and equations show how to reduce the quantities of

LPG in these processes.

Table 3.21 shows the monthly consumption of burners and type of used

fuel:

Table 3.21: burners’ monthly consumption of fuel and type of fuel

Burner fuel Calorific value | Consumption
(Kcal/Kg) (Kg/month)
Melting line LPG 9500 4686
Homogeneity line | LPG 9500 2500
extrusion line LPG 9500 14201
Powder line LPG 9500 9260
Total (Kg/month) 30647

From these data the yearly fuel consumption is 367764 Kg and the

percentage of total LPG consumption is 58.94%.

e L PG combustion equation (air / fuel ration 15:5):

CsHg + 5(02 + 3.76N2) - 3C0O, + 4H,0 + 18.8N, (32)
1 mole 5 moles of air = 3 moles 4 moles 18.8 moles
Then,

1 mole fuel = 3 moles CO,, 4 moles H,O and 18.8 moles N,
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44.097 Kg/Kmol 44 Kg/Kmol 18kg/Kmol 28 Kg/Kmol

44.097 Kg 132 Kg 72 Kg 526.4 Kg

** Considering the molar mass 44.097 Kg/ Kmol and the heat value of

LPG is 9500 Kcal/ Kg.

So, from the combustion equation every 44.097 Kg from the fuel will lead

to 730.4 Kg of flue gases and the temperature in the stack of flue gases is

around 200°C.

Now it’s easy to calculate the amount of glue gases as in table 3.22:

Table 3.22: flue gases quantities

Burner Fuel consumption | Flue gases quantity
(Kg/month) (Kg/month)
Melting line 4686 77319
Homogeneity line 2500 41250
extrusion line 14201 234316.5
Powder line 9260 152790

Heat value of flue gases can be calculated according to equation (3.3)

Q =m Cp AT

Where:

(3.3)

Q: heat of flue gases (kwh).

m: mass of flue gases ( Kg).

Cp: specific heat of flue gases (KJ/Kg. °C). {1}

AT: temperature difference of flue gases (°C). {200 — 25}
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** As known that 860 Kcal = 1 kWh.

- For melting line the monthly quantity of flue gases is 77319 Kg,
Q=77319 * 1 * (200-25) = 13530825 KJ

13530825 / 3600 = 3758.56 kWh
3758.56 * 860 = 3232363.75 Kcal

3232363.75/9500 = 340.25 Kg.

By applying equation (3.3) and from the calculated waste heat it is clear
how to calculate the amount of saved fuel which can be done by heat
recovery heat exchanger device and that will be shown in table 3.23.

Table 3.23: Amount of reduced fuel consumption

Flue gases Waste Waste Calorific Redu_ced
. value of guantity of
Burner quantity energy energy fuel fuel
(Kg/month) | (KJ) (WH) | (kcaliKg) | (Kg/month)
Melting line 77319 13530825 3908.91 9500 340.25
Homﬁﬂzne'ty 41250 7218750 | 2005.21 9500 181.52
extrusion line | 234316.5 | 41005387.5 | 11390.39 9500 1031.13
Powder line 152790 26738250 7427.29 9500 672.37
Total (Kg/month) 2225.27

From these results the yearly reduced quantity of fuel is 26703.24 Kg with
a percentage of 7.26% of LPG used in burners and from the total LPG

yearly consumption 4.28%.




e Summary:

After applying the suggested measures to save energy the amount of energy

will reduce and the overall reduction in energy will show in tables3.24 and
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3.25:
Table 3.24: overall yearly saving in electrical energy (NAPCO).
Amount of Percentage of yearly | Percentage of yearly
system yearly saving | saving from system’s saving from total
(kWh) consumption electrical energy
Motors 466666.68 37.09% 15.67%
Overall yearly o

saving 466666.68 15.67%

Table 3.25: yearly saving in LPG consumption (NAPCO).

Amount of Percentage of yearly | Percentage of yearly
system yearly saving in | saving from system’s saving from total
LPG (Kg) consumption LPG consumption
LPG burners 26703.24 7.26% 4.28 %
Total yearly 26703.24 4.28%
saving

3.3.2.4 Analysis of utilizing solar energy in NAPCO company:
In this company the proposed use of solar energy divided to two uses which
are solar water heater to heat LPG instead of LPG heating boiler which
used to change the state of LPG from liquid to gas and PV on grid system
to reduce the consumption of electrical energy with a percentage 10% with

take consideration of the daily electricity consumption of 8276.67kWh.
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3.3.2.4.1 Solar thermal energy and SWH in NAPCO company:
The suggestion is to use SWH to change the state of LPG from liquid state

to gas state to be able to use it in burners instead of using the current boiler.

The recent case is using LPG boiler to do that with daily LPG consumption

270 Kg then the yearly consumption is 77760 Kg.
The efficiency of boiler is 80% = Q oyt /Q in
Qin = mg,s * heat value
=270 * 9500 = 2565000 Kcal
2565000/860 = 2982.56kWh/day (860 Kcal = 1kWh)
Then Qo = 0.8*2982.56 = 2386.05kWh

This heat energy could generate by using SWH to save this amount of

consumed LPG.

As known solar radiation is 5.4kWh/m?.day and the efficiency of SWH is
40%, and by applying equation (2.8):

Area of SWH = 2386.05/ (5.4 * 0.4) = 1104.65 m?
Number of collectors 1104.65/ 1.7 = 650 collectors

The percentage of yearly saving of LPG by this saving technique is

12.46%.
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3.3.2.4.2 Analysis of utilizing on - grid PV system in NAPCO
company:
The proposed PV on grid systems in this company as in other companies in
the design of PV systems to reduce the total electricity consumption with a

percentage 10% as the following:

The daily electricity consumption in this 8276.67kWh and 10% of this
value is 827.67kWh, so the minimum produced PV energy is 827.67kWh
and in the design the system must be larger to be able to sell the surplus

electrical energy.

We need to apply equations (2.9) and (2.10) to design good PV system as

the following:
PVenergy = 827.67/0.9 = 919.63kWh.

The suggestion is to use PV module type Poly HSL 72 300 W where its

peak power is 300 W at standard conditions.
Number of modules = 204.36/0.3 = 681.21 modules.

To make sure to cover needed load and to obtain net metering tariff my
suggestion is to use 780 modules, so the peak power of this PV system is

234kW.
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Then divide this system to 6 subsystems (arrays) with 130 modules and the
peak power 39kW for each to make the system easier in maintenance and

provide many sectors in the facility as possible as.

Applying equation (2.11) to calculate the modules in series 48/36.1 =1.33 =

2 modules.

Applying equation (2.12) to calculate the number of strings 130/2 = 65

strings.

From all that the inverters used are 6 three phase on grid inverters and their

type is TRESS TL S 50 KTS with 50kW rated and 90% efficiency.

If each 1 kilowatt peak PV modules need 9m? area, so this system needs

234*9 = 2106 m? divided to 6 arrays where each array needs 351 m? areas.

All that will be in details in figure 3.24 as in the following:
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Fig 3.24: PV —on grid diagram in NAPCO

e Summary:
Table 3.26 will show the overall saving could gain from using solar energy
(SWH and PV — on grid system) with considering the percentage of saving

in electrical energy from PV — on grid system is 10%.

Table 3.26: The overall saving from utilizing solar energy (NAPCO)

Percentage Percentage of
Amount of of yearly early savin
System yearly saving in | saving from fglom t)étal LPgG
LPG (Kg) system’s consumption
consumption
LPG burners 26703.24 7.26% 4.28%
Heating boiler 77760 100% 12.46%
Overallyearly | 10446304 | oo 16.74%
saving
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Chapter Four
Economical evaluation of energy conservation
measures

4.1 Engineering Economy and economical evaluation:

After talking about the technical side in energy management and E.C.Ms,
it’s important to talk about the economical side to know if that feasible or
not economically and how to reduce the cost of consumed energy and to

evaluate that we need to study engineering economy.

Engineering economy is done to evaluate the engineering projects to reach

to the full conclusion of the work, and then make the decision.

Engineering economy makes formulas and estimations to the expected
outcomes of alternatives to reach to optimum alternative or evaluate the

proposed project economically.

To evaluate engineering projects, | choose two methods of evaluations:

simple payback period (S.P.B.P) and annual worth (AW). [33]

- Simple Payback Period (S.P.B.P) method:
This method of engineering economy evaluation does not deal with the
time value of the money, where it’s only see the saving gained to the cost

and what is the needed time to payback the cost and its formula is:
S.P.B.P = Capital cost (4.1)

Yearly saving
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- Annual worth (AW) method:

Generally most decisions related to time and especially to future, so it’s
important to evaluate the time value of money where that done by many
methods one of the these methods the Annual Worth (AW) and to apply
this method we need to cash flow, times, interest and measure of economic

worth for selecting the alternative.

In this method there are used symbols such as: (P) which indicates to
money at zero time, (A) symbol of series of equal amount of money, (n)
meaning the number of interest periods, (i) is the interest value and (t) the

time.

In Annual Worth the (A) symbol means the series of annual equal amount

of money with the wanted interest value.

In the cash flow the cash inflows represent with up arrow and in indicates
to incomes while cash outflows represents with down arrow and it indicates

to the costs.

In the Annual Worth two situations could occurred, where the annual

values are given and we need the present value as shown in equation (4.2)
P = A(P/A i, n). (4.2)

Or if the present value is given and we need the annual values as shown in

equation (4.3).

A = P(A/P, i, n) (4.3)
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And the values of these equations got from tables in interest values and

periods. [33]

According to these methods in engineering economy evaluations we will
apply them to the chosen facilities to see the effect of energy management
and E.C.Ms economically.

4.2 Economical evaluation of E.C.Ms in GWMC company:
4.2.1 Economical evaluation of changing tariff system from low

tension tariff to high tension tariff:

As shown in appendix (D) there are two types of tariff, low tension tariff
and high tension tariff and from the tariff price high tension tariff is lower
than low tension tariff, but the losses occurred in the transformers will take
into account also the fixed cost will be higher, so | need to calculate the

overall cost in the high voltage tariff and reach to the final cost.

After  deep calculations the total losses in the transformers is
56148.656kWh, and the total yearly electricity bill from high tension tariff
will be 793432.99 NIS and from that the saving in cost will be
251873.0108 NIS and the cost to purchase these transformers and their

accessories is 500000 NIS, so S.P.B.P will be:

S.P.B.P =500000/251873.0108= 2 years.
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4.2.2 Economical evaluation of energy conservation in motors:
Table 4.1 shows the yearly saving in operation cost in motors from using
inverters and replace these motors with efficient motors, then calculate the

S.P.B.P according to equation (4.1)
Table 4.1: yearly saving in motors (NIS/year) [GWMC]

Motor Yearly saving from | Yearly saving from using efficient
number using inverters (NIS) motors (NIS)
3-M014 2763.84 304.16
3-M026 2767.89 548.17
3-M524 2737.48 177.77
3-M012 4866.624 115.58
3-M504 3548.58 No need
3-M503 4197.46 No need
3-M006 5474.952 No need
3-M021 2534.7 285.91
3-M022 3568.86 285.91
3-M525 3345.804 548.17
3-M040 1973.01 446.11
3-M037 2605.67 446.11
3-M036 2692.87 446.11
3-M035 2017.621 446.11
3-M023 2591.48 177.77
3-M043 1318.044 3206.56
3-M532 1520.82 144.65
3-M044 1439.71 3206.56
3-M045 1419.422 3206.56
3-M061 486.66 1518.79
3-M531 839.49 5570.93
3-M546 231.16 1564.76
3-M505 3629.69 No need
3-M500 12572.11 340.66
3-M001 23927.57 No need
4-M502 1358.6 532.85
3-M025 2889.56 283.89
2-M011 4951.65 1604.81
5-M001 5091.67 1372.63
4-M001 9731.404 293.48

Total yearly
saving (NIS) 119094.4 27075

From table 4.1 the total yearly saving in cost is 146169.4 NIS and

according to equation (4.1) we can calculate the S.P.B.P as the following:
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- S.P.B.P from using inverters:

The total cost of inverters is 181800 NIS,

S.P.B.P

181800/119094.4 = 1.53 years.
- S.P.B.P from using efficient motors:
The total cost of efficient motors is 31020% and that equal to 117876 NIS,
S.P.B.P = 117876/27075 = 4.35 years.
* If both methods applied the S.P.B.P will be:

S.P.B.P =299676/146169.4 = 2.05 years.

4.2.3 Economical evaluation of energy conservation in lighting
systems:

After applying the proposed methods in lighting to save energy, now the

time to evaluate that economically as the following:

- Removing extra lamps:
The yearly saving in the cost of electrical energy consumption is 366.2871
NIS and applying the equation (4.1) to calculate the S.P.B.P and if the cost
to reduce the height of lamps is 400 NIS we found the following:
S.P.B.P = 400/366.2871 = 1.1 years.

- Replace the incandescent lamps with CFL lamps:
The yearly saving in the cost of electrical energy consumption is 87.749
NIS and applying the equation (4.1) to calculate the S.P.B.P and if the cost
of CFL is 60 NIS we found the following:
S.P.B.P = 60/87.749 = 0.68 year.
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- Replace the magnetic ballasts with electronic ballasts in fluorescent
lamps:
This method will explained economically in details in table 4.2 as the

following:

Table 4.2: yearly saving in lighting systems (N1S/year) [GWMC]

space Yearly saving (NIS)
. 410.58
Offices 10.86
Watchman 215.9926
. 130.3734
Cafeteria 198
Maintenance 173.70
Bags printing 19.54
Scale 19.6
Mill, ground floor 2195.281
Mill, 1% floor 1982.834
Mill, 2" floor 1085.838
Mill, 3" floor 967.849
Mill, 4™ floor 1109.443
Mill, 5™ floor 1392.705
Total yearly saving (NIS) 9736.567

According to table 4.2 the total yearly saving in the cost of electrical
energy in replacing magnetic ballasts with electronic ballasts in fluorescent
lamps is 9736.567 NIS, and the total cost of electronic ballasts is 63770
NIS, according to equation (4.1) to calculate the S.P.B.P we found the

following:

S.P.B.P =63770/9736.567= 6.55 years.

If all these methods applied the S.P.B.P will be:
S.P.B.P =64230/10190.6 = 6.3 years.
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4.2.4 Economical evaluation of using outside air in compressed air

system:

According to table 3.7 and from applied tariff system the yearly saving in
the cost of electrical consumption is 1324.355 NIS and the cost of installing
duct to apply this method is 1000 NIS, so applying equation (4.1) will show
the following:

S.P.B.P =1000/1324.355= 0.76 year.

4.2.5 Economical evaluation of using SWH:

Table 4.3 shows the yearly saving in the cost of electrical consumption as

the following:

Table 4.3: yearly saving from using SWH (NIS/year) [GWMC]

. Yearly saving from
Location SWH (NIS)
Maintenance 1094.634
Cafeteria and toilets 1047.456
Management building 1080.065
Total yearly saving (NIS) 3222.155

From table 4.3 the total yearly saving in the cost of electrical energy from
using SWH instead of electrical boilers is 3222.155 NIS and the following

will explain these results in details to calculate S.P.B.P for each location.

- SWH in maintenance:
As shown in table 4.3 the yearly saving is 1094.634 and as known the price
of SWH is 1500 NIS with volume 200 liters,
S.P.B.P =1500/1094.634 = 1.37 years.
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- SWH in Cafeteria and toilets:
S.P.B.P =1500/1047.456= 1.43 years.
- SWH in Management building:
S.P.B.P = 1500/1080.065= 1.39 years.
If we need to apply SWH to these three systems S.P.B.P will be:
S.P.B.P =4500/3222.155= 1.4 years.

4.2.6 Economical evaluation of utilizing on- grid PV system:

I mentioned before the importance of utilizing PV systems in industrial
sector to reduce the consumption of electrical energy and use the electricity
with no environmental impacts and reduce the dependency on fossil fuel.
This design of PV - on grid is to reduce the electrical consumption with a
10% and that concentrated to lighting systems and other services to use the
solar energy as possible as at day times, then sell surplus electrical energy
by using net metering tariff after that evaluate this system economically,
especially the PV system will provide the lightings and offices load during
working times, so at night the amount of imported energy from the grid
will be very little or near to zero and on the other hand in holidays the most
electrical energy generated from this PV system will sold to grid.

JDECO use special equation in net metering tariff where it is as the
following:

Net value (NIS) = (Ar*tariff) — (A [tariff — 0.12]) where, (4.4)
A; = energy consumed from the grid (kwWh),

A= energy sold to grid (kWh),

Tariff= the price of electrical energy in that period (NIS/kKWh).
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In GWMC the peak power of the suggested designed PV on grid system is
180kW, and if the cost of one kilowatt peak power is 2000 $, so the cost of
this system is 180*2000 = 360000$ and that equal to 1368000 NIS.

Due to multi rate tariff the calculations to evaluate this system
economically were very difficult and complex and the following example is

a part of these calculations.

The total daily energy generated from PV system is 810kWh/day and the
power generated is 150kW, where 94.55kW from this power saved daily
and 55.45kW of this power sold to grid by net metering tariff system and

these values taking account the normal conditions.

In summer season there are two months (July and August) according to

JDECO categorization of the seasons in a year.

For example in a week in July, the saving gained is 4156.05NIS from
working days and from Fridays 3.18 NIS and from Saturdays 318.14 NIS,
while the value gained from selling to grid is 3917.3 NIS in working days
and from Fridays 448.62 NIS and from Saturdays 223.53 NIS, after that we
calculate weekly, then seasonally and that applied to all months to reach

finally to overall yearly saving in cost and selling to grid.

From these deep calculations the amount of yearly saving is 105552.28 NIS
and the yearly money gained from selling to grid is 86941.2 NIS, and from
that the total yearly money gained and saved is 192493.48 NIS.
Now it is easy to apply equation (4.1) to calculate S.P.B.P where it is as the

following:
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S.P.B.P =1368000/192493.48 = 7.11 years.

e Summary:
If all above systems and techniques applied the S.P.B.P will modified and it

will be as the following:

Total cost of all measures and techniques is 2237406 NIS and the total
saving gained is 660981 NIS, then S.P.B.P will be 2237406/605273 = 3.7

years.

Another method to evaluate that economically by using AW method
according to equations (4.3) along twenty years and the interest 10% and

drawing cash flow diagrams as shown in figure 4.1:

A =605273 NIS

LTI

N =20, i=10%

v
P=2237406 NIS

Fig 4.1: Cash flow of E.C.Ms evaluation in GWMC

A = 605273 — P (AIP, 10%, 20) = 605273 — 2237406 * 0.11746
= 342467.29 NIS/year.

It is positive value, so these measures are feasible economically.
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4.3 Economical evaluation of E.C.Ms in NBC company:
After talking about the used measures in energy conservation technically

we need to evaluate that economically as the following:

4.3.1 Economical evaluation of energy conservation in motors:

Table 4.4 will show in details the economical evaluation of using inverters
and replace these motors with efficient motors to be able to calculate
S.P.B.P.

Table 4.4: yearly saving in motors (NI1S/year) [NBC]

Yearly saving from | Yearly saving from
Motor name using inverters using efficient
(NIS) motors (NIS)
40 bar compressor 87093.45 42444 .28
PET 1 compressor 18190.405 15801.765
PET 2 compressor 18190.405 15801.765
CAN 1 compressor 15709.895 10859.12
CAN 2 compressor 15709.895 10859.12
NRB 1 compressor 12126.935 6155.34
NRB 2 compressor 12126.935 6155.34
Total yearly saving (NIS) 179147.92 108076.73

From table 4.4 the total yearly saving in cost is 287224.65 NIS and

according to equation (4.1) we can calculate the S.P.B.P as the following:

- S.P.B.P from using inverters:

The total cost of inverters is 146000 NIS,
S.P.B.P = 146000/179147.92 = 0.81 year.

- S.P.B.P from using efficient motors:
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The total cost of efficient motors is 27730% and that equal to 105374 NIS,
S.P.B.P = 105374/108076.73 = 0.97 year.

* If both methods applied the S.P.B.P will be:

S.P.B.P =251374/287224.65 = 0.88 year.

4.3.2 Economical evaluation of energy conservation in lighting
systems:

In lighting systems the proposed method is to replace the magnetic ballasts

with electronic in fluorescent lamps and know the time to evaluate that

economically as shown in table 4.5:

Table 4.5: yearly saving in lighting systems (N1S/year) [NBC]

space Yearly saving (NIS/year)
: 812.0031
Offices

749.4315

Cafeteria 1 3.26

Store 2.17
Factory offices 232.602
Total yearly saving (NIS) 1799.47

The total yearly saving is 1799.47 NIS, while the cost of electronic ballasts
is 8400 NIS, so S.P.B.P will be:

S.P.B.P =8400/1799.47 = 4.67 years.
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4.3.3 Economical evaluation of using outside air in compressed air
system:
According to table 3.17 and from applied tariff system the yearly saving in
the cost of electrical consumption is 50339.04 NIS and the cost of installing
duct to apply this method is 7000 NIS, so applying equation (4.1) will show
the following:
S.P.B.P =7000/50339.04= 0.14 year.
4.3.4 Economical evaluation of utilizing on — grid PV system:
According to equation (4.4) which used in Net Tariff system in JDECO and
the predicted saving occurred in on — grid PV system in NBC the
economical evaluation will be as the following:
In NBC the peak power of the suggested on — grid PV system is 438kW,
and the cost of one kilowatt peak power is 20003, so the cost of allover the
system is 438*2000 = 876000%$ and that equal to 3328800 NIS.
From deep calculations around the year during the months and seasons and
applying equation (4.4) which related to net metering tariff the amount of
cost saved from on — grid PV system is 262925.09 NIS, while the sold
electricity to grid is 206394.34 NIS, so the amount of total saving and
selling is 469319.43 NIS, then S.P.B.P will be:
S.P.B.P =3328800/469319.43 = 7.1 years.
e Summary:
If all above systems and techniques will be applied the S.P.B.P will

modified and it will be as the following:
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Total cost of all measures and techniques is 3595574 NIS and the total
saving gained is 808682.59 NIS, then S.P.B.P will be 3595574/808682.59

=4.45 years.

Another method to evaluate that economically by using AW method
according to equations (4.3) along twenty years and the interest 10% and

drawing cash flow diagrams as shown in figure 4.2:

A =808682.59 NIS

[T

N =20, i=10%

\ 4

P =3595574 NIS

Fig 4.2: Cash flow of E.C.Ms evaluation in NBC

A =808682.59 — P (A/P, 10%, 20) = 808682.59 — 3595574 * 0.11746
= 386346.47 NIS/year.

It is positive value, so these measures are feasible economically.
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4.4 Economical evaluation of E.C.Ms in NAPCO company:
After talking about the E.C.Ms technically, we need to evaluate that

economically as the following:

4.4.1 Economical evaluation of energy conservation in motors:
Table 4.6 will show in details the saving in cost in motors by using
inverters and replacing them with efficient motors.

Table 4.6: yearly saving in motors (NIS/year) [NAPCO]

Yearly saving Yearly saving from
Motor name from using using efficient motors
inverters (NIS) (NIS)
1 63482.54 14500.41
63482.54 14500.41
3 63482.54 14500.41
Total yearly saving (NIS) 190447.62 43501.23

- S.P.B.P from using inverters:
The cost of inverters around 90000 NIS, then applying equation (4.1)
S.P.B.P will be:
S.P.B.P=90000/190447.62=0.47 year.
- S.P.B.P from replacing these motors with efficient:
The cost of efficient motors is 65664 NIS, and then S.P.B.P will be:
S.P.B.P =65664/43501.23= 1.51 years.
If the both methods applied, S.P.B.P will be:
S.P.B.P=155664/233948.85 = 0.67 year.
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4.4.2 Economical evaluation of recovering waste heat from LPG
burners:
Table 4.7 shows in details the amount of saving in the cost of LPG

consumption:
Table 4.7: yearly saving in the cost of LPG from recovering waste heat
from LPG burners (NIS/year) [NAPCO]

Burner Reduced cost of fuel (N1S/year)
Melting line 23763.06
Homogeneity line 12677.36
extrusion line 72014.12
Powder line 46958.32
Total (NIS/year) 155412.86

The cost of installing heat recovery heat exchanger for the above LPG
burners is 72200 NIS and by applying equation (4.1) to calculate S.P.B.P |

found the following:

S.P.B.P =72200/155412.86 = 0.46 year.

4.4.3 Economical evaluation of using SWH instead of conventional
heating boiler:

The cost of installing SWH is 325000 NIS, and the yearly saving in LPG is

452563.2 NIS, then applying equation (4.1):

S.P.B.P =325000/452563.2 = 0.72 year.

4.4.4 Economical evaluation of utilizing on — grid PV system:

In NAPCO the source of electricity is IEC directly and net metering tariff is

unknown, so we assume the system applied in JDECO applied also is

NAPCO with equation (4.4) which used in Net Tariff system in JDECO
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and according to the predicted saving occurred in on — grid PV system in
NAPCO the economical evaluation will be as the following:
In NAPCO the peak power of the suggested on — grid PV system is 270kW,
and the cost of one kilowatt peak power is 20003, so the cost of allover the
system is 270*2000 = 540000$ and that equal to 2052000 NIS.
From deep calculations around the year during the months and seasons and
applying equation (4.4) which related to net metering tariff the amount of
cost saved from on — grid PV system is 138482.05 NIS, while the sold
electricity to grid is 95518.813 NIS, so the amount of total saving is
234000.863NIS, then S.P.B.P will be:
S.P.B.P =2052000/234000.863 = 8.77 years.
e Summary:
If all above systems and techniques will be applied the S.P.B.P will

modified and it will be as the following:

Total cost of all measures and techniques is 2604864 NIS and the total
saving gained is 1075925.773 NIS, then S.P.B.P _will be

2604867/1075925.773 =2.42 years.

Another method to evaluate that economically by using AW method
according to equations (4.3) along twenty years and the interest 10% and

drawing cash flow diagrams as shown in figure 4.3:
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A =1075925.773

[T

N =20, i=10%

\ 4

P =2604867

Fig 4.3: Cash flow of E.C.Ms evaluation in NAPCO

A =1075925.773 — P (A/P, 10%, 20) = 1075925.773 — 2604867 * 0.11746
= 769958.1 NIS/year.

It is positive value, so these measures are feasible economically.
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Chapter Five: Environmental and overall impacts of

energy conservation measures in industrial sector in
West Bank

Introduction:

In 2005 the electricity generation in the world was 17450 TWh and 60% of

this energy generated is from fossil fuels especially from the coal.

Unfortunately coal has the highest emissions of carbon dioxide per kWh
also other pollutant elements in energy generation, but coal used widely

due to its low cost and availability.

Table 6.1 shows the price of electricity generation from many sources and
the CO, emissions for each type and it is clear that the coal has the highest
CO, emissions per kWh, but its price is the lowest in the comparison of
other energy sources. [34]

Table 5.1: price of energy generation and CO: emissions for each type
of energy generation [34].

LI5S D|Ikw h. E 'ED:_HII(W h.
Photovoltaic £0.24 a0
Wind £0.07 25
Hydro £0.05 41
Geothermal £0.07 170
Coal 20042 1003
LS %0.048 543

Scientists said that burning fossil fuels in energy generation enhancing

greenhouse effect and in the future many things could occur such as:

- Rising in temperature.

- Flooding due to rising in sea levels.
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- More frequent extreme weather events. [29]
From all that energy conservation measures and using renewable energy
resources reduce the energy, then the combustion of fossil fuels which lead
to reduction in GHG.
In West Bank the electricity imported from IEC where each kwWh generated
699 grams of CO, released [35], on the other hand each Kg of LPG 2.993

Kg of CO, released according to equation (3.2).

Now the environmental impact of E.C.Ms in these facilities will show

below after talking before technically and economically impacts.

5.1 Environmental impact of E.C.Ms in GWMC company:
As mentioned that every kWh electricity generated 699 grams of CO,
released, so and from the energy management applied in GWMC the total
yearly reduced CO, gas is 644452.333*0.699 = 450472.1808 Kg CO; =
450.47 Ton of CO; yearly.

5.2 Environmental impact of E.C.Ms in NBC company:

The same thing will applied in NBC as the following:

1270688.42*0.699 = 888211.2056 Kg CO, = 888.21 Ton CO. vearly.

5.3 Environmental impact of E.C.Ms in NAPCO company:
In this facility in the addition of using electrical energy there are LPG

consumption and that will shown environmentally as the following:

From electrical energy the reduced amount of CO; is 910141.68*0.699 =
636189.03 Kg CO; yearly.
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And from LPG burning it will be 104463.24*2.993 = 312658.48 Kg CO;

yearly.

Now the total yearly reduction of CO, gas from energy management is

948.85 Ton.

5.4 The impact of applying E.C.Ms in industrial sector in
West Bank:

5.4.1 The overall impact of E.C.Ms and PV - on grid system in the
specified cases:

According to the studied measures in these companies as a sample of the

industrial sector in West Bank the overall study summarized in tables 5.2

and 5.3 as shown below:
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Table 5.2: overall electricity consumption and saving technically, economically and environmentally

Company Total electricity Energy_ Ene_rgy Power demand | Cost saving Enwronmen_tal |_mpact
name consumption (kWhiyear) Measures consumption saving saving (KW) (NIS/year) (COz2 reduction in Kg/
(kWhlyear) (kWhlyear) year)
Change tariff system |  -—--— | e | e 25187301 | -
GWMC Motqrs 881156 325370.61 201.21 146169.4 227434.0564
company 1863616 Lighting 158974.6 16489.22 4.93 10190.6 11072.062
Compressed air 52800 2154.24 1.32 1324.355 1505.814
Hot water 6840.38 4788.263 6.878 3222.155 3347
NBC Motgrs 975000 468912.29 121.06 287224.65 327769.69
company 4723914.6 lighting 105685.38 2801.13 1.08 1799.47 1957.99
Compressed air 975000 79560 59.04 50339.04 55612.44
gﬁig@ 2979600 Motors 1257984 466666.68 62.32 233948.85 326200.01
Total 9567130.6 3438440.36 1366742.43 457.838 986091.53 954899.06

Table 5.3: overall LPG consumption and saving technically, economically and environmentally

. LP : . Environmental im
Company Total LPG consumption G . LPG saving Cost saving onme _ta X pact
name (kglyear) Measures consumption (Kglyear) (NISlyear) (CO; reduction in Kg/
(Kglyear) year)
GWMC company Nothing Nothing | = | e e e
NBC company Nothing Nothing | = | e e e
LPG burners 367813.22 26703.24 155412.9 79922.8
c'\(')gpgr? 624000
pany Heating boiler 77760 77760 452563.2 232735.68
Total 624000 445573.22 104463.2 607976.1 312658.48
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About the analysis of utilizing PV — on grid systems in these companies,
table 5.4 will summarize that in details, and as mentioned before that this
PV — on grid system designed to save 10% from total electrical energy and
buy the surplus electrical energy to the grid.

Table5.4: overall analysis of utilizing PV-on grid system technically,
economically and environmentally

Energy Cost Environmental
Company name saving saving impact (CO>
(kWhlyear) | (NIS/year) | reduction in Kg/ year)
GWMC company | 186361.7 192493.48 450472.18
NBC company 472390.3 | 469319.43 888211.21
NAPCO company | 302099.55 | 234000.863 948850
Total 960851.55 | 895813.773 2287533.39

The analysis divided in two parts: E.C.Ms and PV — on grid system to
separate between them and know in accurate the percentage of saving, then

make overall evaluation to them.

- Evaluation of E.C.Ms:
According to table 5.2 the overall percentage of saving in electrical energy
from the system’s consumption is 1366742.43/3438440.36 = 39.75% and
the percentage of saving in electrical energy from the total electricity
consumption is 1366742.43/9567130.6 = 14.29%.

On the other hand and according to table 5.3, the overall percentage of
saving in LPG consumption from the

system’s consumption 1is
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104463.2/445573.22 = 23.44% and the percentage of saving in LPG
consumption from the total LPG consumption is 104463.2/624000 =
16.74%.
And about the saving in the cost of electrical energy the percentage of
saving is 986091.53/5366675.945 = 18.37% and to LPG consumption is the
same of technical evaluation 16.74%.
- Evaluation of PV —on grid system:
According to table 5.4 and from the proposed PV — on grid to these
companies, this PV — on grid system designed to save electrical energy
with a percentage of 10% from the total electrical energy.
And about the saving in the cost of electrical energy the percentage of
saving is 895813.773/5366675.945 = 16.69%.
- Evaluation of E.M.Cs and PV - on grid system:
From the above analysis, the overall percentage of saving in electrical
energy could gained is around 24.29%.
From all above analysis the overall energy saving expected at
implementation of E.C.Ms in all sectors in industry will be saved
1366742.43kWh from electrical energy, 1594067.63 NIS as a cost,
104463.2 Kg from LPG and 1267557.54 Kg from CO. emissions.
And from establishing PV — on grid system the overall expected energy
will save 960851.55kWh from electrical energy, 895813.773NIS as a cost
and 2287533.39 Kg from CO. emissions.
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5.4.2 The estimated impact of applying E.C.Ms in industrial sector in
West Bank:

According to Palestinian Central Bureau of Statistics data and reference

number [9], the cost of electricity in industrial sector in West Bank in 2012

was 55432100 $ which equal to 210641980 NIS, while the cost of Fuel and

oil consumption was 120165900$ which equal to 456630420 NIS.

The above expected cost of saving in electrical energy of E.C.Ms has a

percentage of 986091.53/210641980 = 0.47% from the cost of total

electricity consumption in industrial sector in West Bank while it is 0.13%

in LPG consumption.

If we need to apply E.C.Ms to industrial sector in West Bank in general

with the percentage of 18.37% saving from electricity consumption the

expected yearly saved cost is 38694931.73 NIS and from LPG

consumption 76439932.31 NIS.



122
Conclusions:
Palestine has a special case in energy situation due to lack of natural
resources in energy generation materials like oil and coal which are used
conventionally to generate energy and the full dependency of energy
importation especially from Israel where that led to fluctuation of energy

prices and control that by them completely.

The energy demand increases especially in electricity where most areas in
Palestine suffering from shortage in electricity especially in peak periods
and the amount of imported electricity did not vary and increase due to
Israeli polices and if it increased it will be with little quantities, moreover
the electricity generation planed which located in Gaza destroyed in the last
war and it is in normal conditions it generate electricity with limited

quantities and it is suffering from supplying it with fuel.

Industrial sector is a major sector consumes energy especially electrical
energy where it depends on that mainly in all manufacturing and
production processes, so it is important to study the energy situation in this
sector to propose solutions to reduce the energy demand and consumption,

then achieve the optimum use of energy.

Energy management and E.C.Ms give some solutions in industrial sector

such as energy audits and use renewable energy sources.

The cost of applying energy management and E.C.Ms is high especially in

renewable energy, but the high value of tariff prices led to good economical
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evaluation of energy management and that mean highlights the importance

of energy management and trust with proposed solutions could applied.

When talking about the industrial sector that means high electricity bills
and high production costs and the energy management lead to minimize

these costs and achieve great benefits.

Multi rate tariff which used in the studied facilities play a good role in
energy management with minimum or zero cost where it is enough to shift

the working periods to minimum tariff periods.

Also net metering system which used in on — grid PV systems led to
another meaning of energy management not only to save electrical energy
also to sell the surplus electrical energy to the grid, then achieves more

benefits.

On the other hand E.C.Ms play a good role to environment where
minimizing the energy consumption lead to reduction in the harmful
emissions occurred in energy generation and make these facilities

environmental friendly.
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Recommendations:

According to this thesis and other works related to energy management the

following recommendations must considered:

1-

Draw the attention the decision makers in the Palestinian Authority
about the importance of energy management and how that reflects to
the economy in general to support the laws related to that and
encourage the public to apply that

Organize awareness campaigns to the public to the importance of
energy management and renewable energy using and how that
reflects to the operation costs and to environmental effects. , and
consider the energy use of electrical equipment when buying them
and choose the equipment with minimum total cost (capital and
running costs) and try to use other efficient types in lighting like
LED lamps and see the effect of using them.

Support the laws related to renewable energy especially the net
metering tariff to encourage more people to use renewable energy.
Use smart systems in the facilities in industrial sector to achieve the
optimum using of energy and reduce the operation costs as minimum
as by using microcontrollers, PLC systems, sensors, photocells
...etc.

Hire energy manager engineer in the industrial sector to apply energy

studies in the facilities.
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6- Try to apply passive solar design and use the natural light in the
offices as possible as to minimize using of lighting systems.

7- Design smart system to differentiate between the using natural light
for lighting and minimizing the temperature from the sunlight.

8- Encourage establishing ESCO companies to do their works in energy
management and energy audits.

O- Take care to the insulation in the building to minimize the electricity
and power using in HVAC systems.

10- Exploit the roof tops and empty areas as much possible as in

the facilities to be able to utilize solar energy.
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Appendices
Appendix (A): Energy analyzer data for GWMC transformer
1
Time | S(VA) [ 11 Avg (A) | 12 Avg (A) | 13 Avg (A) PF
11:00 57365 82.425 89.15 91.9 1
12:00 57640 83.033 87.35 92.1 0.95
13:00 55740 80.9 85.65 92.76667 0.9833
14:00 54210 79.16667 85.1 88.63333 | 0.983333
15:00 | 11688.33 17.63333 17.61667 19.33333 0.8
16:00 17801.67 23.56667 23.48333 25.75 0.8333
17:00 32545 47.85 51.45 55.8333 1
18:00 | 13776.67 19.36667 19.96667 21.48333 | 0.816667
19:00 11570 17.65 17.88333 19.53333 0.8
20:00 11756.67 17.56667 17.81667 19.61667 0.8
21:00 1127.833 1.9 1.98333 2.15 -0.7
22.00 0 0 0 0 -1
23:00 0 0 0 0 -1
0:00 0 0 0 0 -1
1.00 0 0 0 0 -1
2:00 0 0 0 0 -1
3:00 0 0 0 0 -1
4:00 0 0 0 0 -1
5:00 0 0 0 0 -1
6:00 0 0 0 0 -1
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Energy analyzer data for GWMC transformer 2

Time | St/E+ Avg (VA) |11 Avg (A) [ 12 Avg (A) | I3 Avg (A) | Pfti+ Avg
7:00 0 0 0 0 -1
8:00 311095 491.4833 519.1333 504.9833 0.933
9:00 380100 589.7 622.8333 612.7833 1

10:00 344016.67 525.933 556.0167 547.1333 1

11:00 355366.67 539.5667 563.5667 560.0167 1

12:00 352783.33 536.3167 566.05 558.933 1

13:00 351533.33 534.1 557.55 555.1 1

14:00 351400 532.6167 548.85 556.45 1

15:00 349950 518.1833 537.6167 548.6833 1

16:00 82866.67 122.033 126.75 129.5 -0.33

17:00 0 0 0 0 -1

18:00 0 0 0 0 -1

19:00 0 0 0 0 -1

20:00 0 0 0 0 -1

21:00 0 0 0 0 -1

22:00 0 0 0 0 -1

23:00 0 0 0 0 -1
0:00 0 0 0 0 -1
1:00 0 0 0 0 -1
2:00 0 0 0 0 -1
3:00 0 0 0 0 -1
4:00 0 0 0 0 -1
5:00 0 0 0 0 -1
6:00 0 0 0 0 -1
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Energy analyzer data for GWMC transformer 3

Time | St/E+ Avg (VA) | 11 Avg (A) | 12 Avg (A) [ I3 Avg (A) | Pifti+ Avg
7:00 33436.67 50.433 49.433 44,433 0.766
8:00 97900 131.7 147.1667 147.433 0.9833
9:00 137333.33 193.75 210.8667 214.65 1
10:00 126283.33 176.933 | 192.1667 | 199.1833 1
11:00 102371.667 149.5 144.55 158.2 1
12:00 148950 209.7 222.8 224.15 1
13:00 106968.33 155.933 144.1833 154.5667 1
14:00 118271.67 180.133 164.7167 166.633 1
15:00 63728.33 101.633 84.6833 88.5 1
16:00 46665 71.91667 58.333 68.16667 0.667
17:00 47848.333 78.8333 64.86667 72.55 1
18:00 17120 36.58333 15.91667 19.61667 0.9
19:00 9919 24.7 10.81667 12.4833 0.9
20:00 10545.667 25.46667 11.75 12.86667 0.9
21:00 10950 26.26667 11.333 13.16667 0.9
22:00 11791.667 27.28333 12.15 13.91667 0.883
23:00 13020 29.36667 12.61667 14.6 0.8
0:00 13791.667 30.5833 13.3667 14.7833 0.8
1:00 14446.67 31.6333 | 13.36667 | 155333 0.8
2:00 15336.667 32.7333 14.333 16.15 0.8
3:00 15235 32.45 14.15 16.35 0.8
4:00 14940 32.31667 13.66667 16.01667 0.8
5:00 12474.16667 24.97 13.75 14.1 0.8
6:00 7644.57 10.55 12.93 10.53 0.9
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Appendix (B): Energy analyzer data for NBC transformer 1

Time | St+_Avg [VA] | I1_Avg [A] | 12_Avg [A] | I13_Avg [A] | Pfti+_Avg
16:00 536483.3333 731.7 744.65 761.9 0.953
17:00 | 556866.6667 | 763.6833333 771.45 801.4333 | 0.955833
18:00 561500 781.8083333 | 788.9333 821.375 | 0.960917
19:00 | 430008.3333 597.45 582.4333 622.6583 | 0.965333
20:00 | 545608.3333 757.45 745.2917 787.55 0.943
21:00 479950 656.1916667 | 654.0417 684.6 0.959833
22:00 | 451641.6667 |614.5083333 | 608.5333 638.6 0.9525
23:00 465350 640.85 633.5 661.4 0.947
0:00 | 418933.3333 |578.9416667 | 566.7667 589.4833 | 0.950917
1:00 | 336483.3333 |462.7333333 | 446.7417 467.4083 | 0.974833
2:00 122415 165.2916667 | 156.3083 165.7167 | 0.820333
3:00 58977.5 79.1825 72.98583 77.86417 | -0.17725
4:00 | 32076.66667 47.44 41.37833 41.16917 -1
5:00 | 34215.83333 |49.51083333 | 44.10583 44.22 -0.671
6:00 | 212141.6667 |289.1666667 | 281.4833 291.05 0.970583
7:00 | 358291.6667 491.35 497.4167 509.3083 | 0.945583
8:00 | 500216.6667 | 688.7916667 711.75 719.4167 | 0.939833
9:00 511575 700.3916667 | 733.6583 741.1417 | 0.942083
10:00 | 433208.3333 591.4 618.0333 625.175 0.96025
11:00 | 461033.3333 | 642.3166667 | 649.1333 661.5667 | 0.942583
12:00 | 540358.3333 | 751.3166667 | 765.175 777.2167 | 0.946083
13:00 | 555183.3333 773.175 792.0833 805.7167 | 0.944917
14:00 | 564883.3333 | 785.1833333 | 803.4167 821.8833 | 0.950417
15:00 563550 781.3 795.75 808.05 0.9485
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Energy analyzer data for NBC transformer 2

Time | St+_Avg [VA] | 11_Avg [A] 12_Avg [A] 13_Avg [A] Pfti+_Avg
16:00 | 337344.4444 | 491.5888889 | 479.3555556 | 468.5666667 0.958
17:00 | 341841.6667 493.825 475.0333333 | 465.1916667 0.96425
18:00 | 340541.6667 | 496.9666667 | 475.2583333 | 466.8166667 0.96475
19:00 328075 466.2416667 | 445.9333333 | 438.6583333 | 0.956333333
20:00 344150 491.35 473.7083333 463.975 0.955916667
21:00 333750 469.8166667 | 451.0666667 | 442.6833333 | 0.954833333
22:00 | 340791.6667 | 477.0916667 461.775 453.5416667 0.94625
23:00 | 342483.3333 | 483.7166667 | 471.1416667 | 458.7333333 0.95425
0:00 330383.3333 460.475 446.0583333 | 434.2583333 0.9485
1:00 135197.5 176.8558333 | 169.7566667 | 169.8916667 -0.2135
2:00 47183.33333 | 63.04333333 | 61.71916667 64.86 -1

3:00 8956.666667 | 11.94583333 | 11.70083333 12.2925 -1

4:00 0 0 0 0 -1

5:00 0 0 0 0 -1

6:00 46342.5 71.60833333 63.51 65.02166667 | 0.080583333
7:00 223366.6667 | 311.4916667 | 290.9083333 298.25 0.925333333
8:00 448933.3333 596.9 570.6916667 | 589.2083333 | 0.307833333
9:00 407341.6667 606.3 574.7 575.8666667 0.96325
10:00 | 475583.3333 709.5 673.1166667 | 677.4166667 | 0.953416667
11:00 | 398658.3333 593.05 561.6166667 563.125 0.946416667
12:00 560125 830.2916667 | 788.0666667 | 794.8583333 | 0.957833333
13:00 | 566383.3333 842.975 799.9833333 | 805.5416667 0.959
14:00 | 560558.3333 | 828.8083333 | 786.0083333 | 793.5333333 | 0.958833333
15:00 570620 841.04 796.06 802.27 0.9572
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Appendix (C): Energy analyzer data for NAPCO

Time | St+ Avg[VA] | I1_Avg[A] | 12_Avg[A] | I13_Avg [A] | Pfti+_Avg
11:00 | 265116.667 | 387.1333 | 389.15 403.25 | 0.9493
12:00 | 292833.333 | 425.333 | 429.5167 | 444.033 | 0.9515
13:00 311900 450.75 454.25 | 473.8833 | 0.965667
14:00 | 290733.33 | 424.0667 | 417.7667 | 445.7167 | 0.959
15:00 | 293183.333 | 423.0833 | 422.8333 | 448.7167 | 0.9595
16:00 | 294666.6667 | 414.5167 | 428.0167 | 445.0667 | 0.955833
17:00 323000 457.1333 | 471.5167 | 480.9667 | 0.959333
18:00 315800 452.3 462.75 468.35 | 0.961667
19:00 | 275483.333 | 398.8333 | 416.1667 | 417.4333 | 0.965333
20:00 | 271333.333 | 387.85 | 406.7833 | 408.2833 | 0.969
21:00 323650 462.9333 | 489.45 488.7 0.9645
22:00 291100 4131 | 441.8333 | 440.2833 | 0.963
23:00 | 317066.6667 | 437.1667 | 472.0167 | 476.4 | 0.960333
0:00 | 311216.6667 | 429.6167 | 460.5 | 463.7167 | 0.959167
1:00 288050 395.6833 | 423.55 | 423.9667 | 0.9515
2:00 329750 455.55 485.8 4851 | 0.956333
3:00 317600 436.2667 | 4705 | 467.0167 | 0.953167
4:00 | 307216.6667 | 421.5333 | 453.4667 | 450.9167 | 0.958167
5:00 270000 372.25 398.95 | 394.8667 | 0.948167
6:00 | 270116.6667 | 378.8 | 388.9667 | 397.3333 | 0.954167
7:00 231250 334.7333 | 348.0167 | 354.5833 | 0.942333
8:00 329200 460.0167 | 480.2667 | 486.1333 | 0.940833
9:00 | 263766.6667 | 373.1 | 374.7333 | 39325 | 0.9395
10:00 254950 357.3 | 364.0667 | 381.8833 | 0.944667
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Appendix (D): Tariff of JDECO
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Appendix (E): Tariff of IEC*

Sunday, Monday, Friday Saturday, Month

Tuesday, Thursday Wednesday

Time Tariff Time | Tariff | Time | Tariff

10-17 137.07 July,

17-21 56.14 35.8 35.8 August

7-10

21-7 35.8

16-22 125.98 16-20 | 72.95 | 21-17 40.2 | December,

22-6 40.2 17-19 | 125.98 | January,

8-16 20-16 | 40.2 February

6-8 72.95 19-21 | 72.95

6-20 55.32 20-6 | 34.8 17-21 | 44.03 March,

20-22 44.03 6-20 | 44.03 | 21-17 34.8 April,
May, June,

22-6 34.8 September
, October

e The tariff is in part of NIS divided by 100 to be in NIS/kWh.
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Appendix (F): High efficient motors data table

A e Efficiencies and Typi List Prices
for dard and Energ cient Motors
1800 RPM Open Drip—Proof Motors

Average Average Typical Typical

Standard Energy-Efficient Standard Energy-Efficient List
Motor Motor Efficiency QDP Motor 0DP Mator Price

hp Efficiency, % Efficiency, % Improvement % List Price List P Premium
5 838 (15) 819 ’12 47 39 {4{ 31 m i
15 85.3 (14) 896 (19 48 408 (6 538 (5 13
10 812 () i 43 516 (6) 850 (5) 14
15 876 (15) 95 (M) 43 677 (5) 864 (5) 187
A B84 (14) 920 (1) 39 83 (6 1055 (5) 12
i) 892 (14) 028 (1) 38 993 H 126 (5) pLx]
k| 892(12) 928 (12) 39 1160 (4) 1425 (3) 25
40 02(12) a6 (1) 36 1445 (4) 1172 (5) 36
50 Q1 (1) 036 (13 37 1688 (6) 2066 (4) 38
60 91.0 (11 W11 33 1% (7) %3 (5) 407
75 R u5(12) 28 2103 (5) 3084 (5) 3
100 uiQ U5 (14) 30 383 (6) 33 () 450
125 oM W4 (16) 29 4006 (5) 4709 (5) 703
150 29 %0 (12) 22 5760 (5) 6801 (5) 1041

200 Q1@ %2(12) 22 n2 (3) 8532 (3) 1570
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Appendix (G): Data sheet of solar cells

Key Feature Set
1 Pabust Design: Moduke withstands up to 7.000 P
(=60 gy’ Sncrw £ 4000 Pa (210 kvt Wind losds *

) AnthPID: Modules are qualified to withstand PID
ralated degradation™

Guaranteed Qualtty: 12 Year Workmanship
and 25 Years linear Performance Warranty ###

/| Predictable Output: Pasitive Fowes Sarting
of 0 1o +5 Watt

g Hikgheer iald: Miodule Current Sorting provides
up to 2.5% mare Energy

E, Innovative Solution: Ant-Reflaction Glass
with Sedf-Clean hydrophabic Layer

7 Harsh Ervwironmeant: Verified against Salt Mist and
Armmionia Comoslon (IEC 61701 and IEC&2T16)

8 Weak Light: Excellent Performance
ewven under low Imadiation

" Phaasa refor to Harwha Sokr oduls Irstallation Gulde

** Tt ooncHions: Moduls negathely chargad with 1000 Yois
o 2 for 163 hours wEh AHFO] covarags

== Pigasa rofor tn Harwha Sotr Product Warranty for detals

Quality and Environmental Certificates  About Hanwha Solar

o (509001 qualy Sandard and 50 14001 ommomantl standards  Hanwta Solaris 3 varbiclly Imegratad manufachmsr of phil v
« OHSAS 15001 occupational hclthan ety Sancsecs Mmordukes daugned tn maat thi néeds of fie global enagy N,

= [ECEII54 [ECE1730 Appilcation Cam A manifcalions « Figh relabity, guarariacd qualty, and axcalant oozt Mency dig
» Conformiy fo £E iow Vol tage Dirocts and EW, tovartically InSagratesd produciion and ool of e supply chain
frs tastac clan £ EN 12501y « Cptimization of product pertonmancs and manutacturng procEss

through 2 g commitment tn ressamh and devioomart

|EC PV EYELE « ‘Giohal presanta thisughout Europe, Borth Americ and ke,
e ol offering maghoral Sachnical anvd sales spoart
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Electrical Characteristics
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Appendix (H): Data sheet of on grid inverters

PRO-33.0-TL-OUTD
33 kW

every time.




ABB string inverters

Configurable all-in-one design

The ASE PRO-33.0 =iring Invartar
Comes In thres product varlants. The
standard model with or without DG
switch |5 designad for use with an
extermal string combiner box. The al-n-
one model with bullt-in string comiiner
bDox Inchedes a DC switch, siring cument
mionitoring with alarmm, PV uses,
mionitored surge protaction desices and
tool-less solar quick connectors. The
Inverter's all-in-one design, with bullt-
In and moniofed PV plant protecton
davicas, reducas the need of costly
axtermal desicas.

Technical data and type
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High total efficlency maximizes retum
on Investment

The PRO-33.0 Inverier offars a high
conversion and MPP fracking emciency
In @l conditions. A Fiat efMcdency curéa
prowides high revenues In low and high
radlation conditions.

Fast and easy commissioning

Fast PV plant commissioning Is enabied
via pra-programimesd coundry grid code
eettings that are easily selectahie.
Extensive certmcation ensures wide grid
code compatiiitty. Flug and Play DG
and AC connectors enable fast and safa
cabing. A touch protectad Instaliation
area provides additional safety and
comiort Tor Inverter installation and
mantenanca.

Typa designation

33 kW

| PAO-33.0-TL-OUTD

Input sids

Aozt Tanimum 0T NRUteieog o e ALtk ol
Esriup DG input voltags (Vo) 510V
Cperaing DG NP0t wolang 000 Vaw. Ve B0 10 G50 ¥
Faind OC nput volaga (V. S0
_Faind OC nmst powsr (P 33 700 W
Mumber of Indeparcart MEFT 1
“WIPET nput DT woll20g 13006 Ve, @i 2 Fu £B0 o E50 '
wiasdmum OC input oumen |, Jifor gaon WEPT [l ) =1
Wizpimiem inpui =hor ool oumen 4o Gach MPET B0 A,

Humber of DC nputs pai for sach MPFT

1 In standand andl

5 worskon'd Iin -5 varsion

DT connaction typs

Tool-ieex Y comacior Phoanis Suncily on -5 vrsion'sonaw fermiresl binck on siandard and -5 worsion

Input profection

Favarsn polartty mateotion

fig, from imilod cursent souson

il ‘orver wolizge prolociion ior aach WMPFT
vl [FE) vasion

Wom

Input oreer voitagn protoction

Typa 2

Pholovoitalo anayy ot ion contsl

Aoooming 10 kool Sancasd

DC swiloh rating fior oaoh MPPT [sorsion with OC swiloh)

58 Ar1000 'V, 50 &M 200V

Fusa raling [varskons with fuses |

15 &M 100W

Outmst side

AC gid connection e

Faled AC power [P Boosp:-0.96] 33 000w
WL apparart powar =, 35 00 WA
Faled &C grid voiiang (V.. A0 W
AL voilnge e 51 i
Wi AL DUERUT mamant i EoRY
_Conirititiony Esuil cummnt A
FRaied output freguaroy [1) 50 Hx &0 Hr

AT EIHEAT o EIHI =

Hominal power kol and adjusiabio @nga

> OLOEE, with P,

3. 0 WY, ad]. = 0.0 with 7,

20.7 ki, ad). = 0 o 1 wih & = 330 KW

Toial ourmant harmonko disindion

< 3%

AC ponreotion ypa

Z ABE solar rvenos | Product fiyor for PRO-33.0

Fiearl P ByDG DONredtor



AEBE string Inverter design diagram
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—1
AL
A =

Typa designation

Oubms probaction

ng parormanca
Madmum efickanay fn,

Waignied aficianoy

Fasad In podeor Pngshoid

§ qmE

Physical
Emronmarial proloction raing
Cooiing
Dimansion H & W & O] mm/inah
Wokgnl kg

standans

3rid standard jchack xwa

Avalabia produc! varants

Tha A voitag rangs mey vary dapandng
= Thia Fraguncy Fange may vary dapanding o iy
Aamanc. Features not spocically istod in the presont data

SpeOiic oouniny o |

shoct am not Nl e In 1 product

Product fyer for PRO-33.0 | ABE

solar

rvaias 3
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Efficleancy curves of PRO-33.0-TL-OUTD
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a2 — AV s
f —— 850 Vdc E
| B
/ i
@a g
o 10 20 30 40 &0 &0 nr an @0 10 g
% of mied cutput power
Accessores Support and sanice For more Information please contact

— User Iriendly data loggar with web
Interiace for COMIMIESonIng and
muonitoring portal for wiesdng tha
assets performance

— IO module for programmabila relay
output

— Wamanty extensions

ABE supports s customers within
desicated, global senica organizations
In more than &0 countries and strong
reglonal and national technical partner
nebworks providing a complete range of
IHe Cycle SErvices.

WENTO] Diaia Logger and wab user inkeriaca

wour local ABS reprasentative or wisit:

www.abib. comysolarnveriers
wiw. abiy. comysalar
Wi, abi. com

& Copyrighl 2015 ABE. All righls resarvoc,
Spoaifinations subjact ko changa withou! notioa.

sz ANIDED
for a better workd™
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50KW AC 380V/400V/415V PV Grid-Tied Solar Inverter

Advantages

Gnd Tie Solar Inverter

PV gridconnected power system includes PV madules, grid tie inverter, meter and power switch baard.
The PV madules canvert the solar energy into the DC power.

Then the grid tie inverterconverts the DC pawer into the sine wave AC power

which has the same frequency and phase with the grid voltage.

The AC power supply the local loads and other feed in the grid partly.

More than 10 years of professional production experience and strong technical force,

product quality and reliable 5 years warranty provide.

Can be applied to variours fiekds, mainty for solar power wind power battery power and scenery lamp power
Strong PGS (NEMA 4) protection, completed sealed cover suitable for harsh environment

Advanced MPPT tracking

No izolation transfomer HE full-bridge structure highest efficiency reach 7% (Europe 98.5%)

Over voltage shart circuit overload overheat and islanding protection etc

Different national standards for choice

Mutt-anguage LCD display, convenient for users to monitor main parameters from different countries

Max MPFT voltage range

5 vears warranty period can be extended to 25 years
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* DCINPUT
MPPT Voltage Range DC200-850V
Rated DC Voltage DC360V
Control System MPPT
Start Voltage DC450V
« ACOUTPUT
Power | ascoow | 4000w | 50000W
Voliagerange (According To Different Countries And Regions mﬁcmm&:
Rated Voltage AC380V
Normal Grid Frequency 50/60Hz(Can Be Set)
Phase Number 3 Phase
Power Factor 0.95
Max Current | 45.5A | BIA | 75.8A
Current THD At Rated Power And In The Sine Wave <3.5%
Max Efficiency 97%
Euro Efficiency 96.4%
* STRUCTURE
Protection Degree 1P20
Cooling Method Fan Cooling
Noise <5048
Data Interfaces External RS 232C/RS485
Dimension mm WxHxD 520%800%260 525%1000x260
Weight kg 80 | 83 90
Web Module (Option) RS 232C To TCP/IP
Display LCD
* PROTECTION
Protection (Inverter) (Inverter) Input Over Voltage, Output Short Circuit, Overload Overheat
Protection (Grid) (gnid) Anti-sltanding(IEEE 1547), Over/Under Vioitage Of Grid.OveriUnder Frequency Of Grid
* ENVIRONMENT
Operation Temperature Range ~10°C ~40°C(50°C)
Stored Temperature -25'C~60'C
Relative Humidity 0~100%
Environment Have No Corrosion Gas, Flammable Gas, Ol Mist, Dust Ete
‘Standby Power Consumption ' <25, 0mW

Altitude 6600 Feet (2000 m)
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Appendix (I): Table of interest 10%

10% TABLE 15 Discrete Cash Aow: Compound Interest Factors 10%
Sngle Pasmants Uniform Series Paymants Arithematic Gradiants
Compound | Prosent | Sinking  Compound Capital Prazant Gradiant Gradiant
Ampount Worth Fund Amournt Racovery Wiorth Prusent Worth | Uniform Saries
n FiP PiF AF Fia AfP P& P/ Al
] 1 1000 D004 100D 1 0N 11000y D001
2 12100 D.A264 O.ATELS 21000 [L57519 173535 13754 QATES
3 11310 OL7il2 0.20z11 33100 40211 L4B5D 1371 09085
1 L1 DLEE30 O.ELT 45410 DLIALMT L1E¥ 43731 1.3812
3 1§14 D69 0.16330 B.1051 026380 17808 E3ELH LELD1
[ LTTIE D45 012551 T.715 027361 L3553 18842 11215
L 13437 D513z 0.10%41 0.4872 DL20%1 LBER 1ZTE31 LEZ1E
a 21435 04565 0.E74 114358 DL1ETI 53348 160287 1S
3 23570 0441 0.07354 1315795 DL1TIEd 57530 154215 1372
1 255a7 DLE5S DEETS 159374 DL1EITS E 1148 22BI3 1.T255
11 23531 03305 [T 1853312 015355 E.4851 263561 10611
11 11134 0.3l8E [.HETE 113843 014575 EB137 2000z 1.2884
13 14523 D.zar [.H0TE MUAZIT 014073 T.10M, 3LaTTE 1EDEE
1 17975 02633 0.8575 IT.9750 013575 1.3657 368005 19053
15 i1z 02304 0.[E147 JL7T2E L1307 1.6061 41520 LITED
15 L5850 DZITE DZTEE 15947 0L1ZTEZ TREIT 434164 5.0450
7 pea I DL197E 02456 ADLHAT 012465 EOZLE SE5ELD LEIT1
12 AL 5530 01708 0.2192 1550492 012153 B20L4 40605 6.0626
13 E.1150 01535 DTLRES LM LIE95S B 3E1D LE SE2T 6.78E1
o ETZTE 0.148E 0.0T4E T.ITH LILTHS BEo136 HEaED £.20E1
Zl T.4002 01351 0.01562 40025 011562 B GI3T LRI 6.T1E9
2 B 103 D12ZE [LEOEe] TLAT LIL40L BITIS GOLEEDD 6.01E3
Z1 133 iy 0.OEST TN L1257 EREIZ L1462 1.108:
2 0.3497 L1015 2.01130 284873 0.11130 B OEAT EL4ELD 1.28E1
5 LOLBMT DEZE 0mner J0MT] LI 5.0TH ET.6061 TALED
6 110182 D038 LOSLE 1MU1ELE 010915 51608 ERLTMD 1.61B8
7 IL110D LOTE2 OEXE 1210539 01025 5.2172 TLIIT2 1.TTH
= LLAZID D.OE0% 0TS 13205 DL107ES 53058 TLEIOS T.8137
] 158631 Dn.0s30 000673 14E 6309 010673 0.3636 TaAl4E 2.04E9
L) 17.4104 D057 0.[0808 1614540 D106 04260 TT.0T6E L17E2
Il 1912 D021 0550 181944 010550 AT TEEMS 8.3E7
iz 211138 DT aT 11178 L1487 50254 BILIOTE L4091
11 ILZFE D431 000450 ZZE 2515 D150 5560 R1.gEGE a.5152
M 2EHTT oo [T DAL ATET L1047 0. E[EE BETTTI BEL1S
13 ZE1E D.O3SE 0.003558 ZT .02 010363 ez BLOETZ 2.708S
L) 45241 00221 0.0z HWLLI2E 010225 L.7TH BEOL2S 9,063
L TZENS nolar 0.1 TIEOD4E 01013 0.BEZE 0z 45 9.3740
E] 117.2304 0.008% 0. (HEE 11610 DL 100Es 9.0148 O1.BERD 9.57H
53 1830501 LO052 0.00053 1 #2050 010053 50471 0E5ELD 9.7073
Bl HH. 1218 D03z 000313 34 52 010033 LT o770 pE:
Bl A1M.1707 Dn.0oz0 000020 1833.71 DL100En 00736 JEATOS 9.1671
T THL.TATD Lol 000013 THTAT 010013 §.0E73 DQEOETD 9.8113
TS 1Z71.00 00008 [00E LZ709 01D 50821 09.3%7 G810
Bl 2MEAD 0.000% 000005 2T 0100035 5.099531 D9.5EDE 9.59604
Bl Jze oy D000z 0.00003 I 010003 5.0570 DRTI20 3.5742
1 531302 0.0z 0.I00E Y13 010002 50881 J9.BI11E 90821
B3 HaHE.EE 0.0001 0.0000 BEOST D100k 0.0538 TRHTT 9.598E9
Eal SIE3 0.0001 0.0000] o413 01000k 5.0538 DRBETI P
a2 11120 D00l 0000 [ 1D00E 50831 09002 39014
1oa 13781 DL.ooal 0000 ML 503 oa0mmz 3.90z7




148

Appendix (J): transformers’ properties in GWMC

ELCOLTD S (kVA) 630

IEC 76

group Dyn 11

No load losses (kW) 1.1

Load losses (kW) 6

Impedance % 1 2

trans 1 4.48 3.96

trans 2 4.46 3.94

trans 3 4.45 3.95

type of cooling ONAN

S.C Duration Max. 2 Sec

Insulation class 10 KV

Volts No Load 1 2
11275 6765
11000 6600
10725 6435
10450 6270
10175 6105
9900 5940

Amp (A) 33 55.1

total weight 2200 Kg

oil weight 480
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