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Abstract
Our project is to make a load flow study and analysis for TUBAS Electrical Network using ETAP software to improve the power factor and to reduce the electrical losses in the network and so, reducing the penalties in the total tariff  for the municipality, increasing the reliability of the network. More over we want to increase the capability of the transformers and the transmission lines
Load flow analysis 

In power system analysis The Load Flow study is a basic and commonly needed electrical study. The Load Flow study will show the power in KVA or Amperes that is being handled by all of the individual electrical components, e.g. transformers, conductors and panels in the system. This allows a determination of equipment rating margins and reserve capacity loading percentage.Analysis and study of distribution electrical networks may cover conventional voltage drop analysis, power losses analysis, power factor considerations, capacitors’ placements (correction of power factor).

Prospective goals of the study :-

1. Reduction of power losses
2. Increasing of voltage levels 

     3. Reducing the penalties by improving  the P.F.
     4. Increasing the capability of the transformers.
     5. Increasing the reliability of the network .
Methods of improvement of operating condition in electrical networks :-

1. Swing bus control

2. Transformer taps

3. Installation of capacitor banks (reactive power compensation) 

[image: image2.emf]4. Changing the configuration of distribution network (radial              ring)
Energy sector in Palestine
Energy sector in Palestine faced sever since the Israeli occupation , financial and management obstacles due to the severe restrictions imposed by the Israeli occupation. as a result of this situation Palestine has not yet a unified power system , the existing network is local low voltage distributions networks connected to Israeli electrical corporation (IEC) , where around 97% of consumed energy were and still supplied by the IEC .The voltages of the existing distribution networks are : ( 0.4 , 6.6 , 11 , 22 , and 33 KV ) .  IEC supplies electricity to the electrified communities by 22 or 33 KV by overhead lines . electricity is purchased from IEC and then distributed to the consumers. The existing electricity situation is characterized in old fashion over loaded networks , high power losses ( more than 20% ) , low power factor ,poor system reliability , high prices of electricity supplied to the consumer due to high tariff determined by the IEC in addition , many villages depend on diesel generators to provide their own needs of electrical energy .Due to all factors mentioned above, it becomes very important to design a national independent power system for the west bank of Palestine which will connect all the west bank areas by a reliable network to a national generating plant . the national power system should have the minimum annual cost and provide the consumer with a high quality of electric energy . this power system should also reduced the cost of KWH and be able to provide electricity to any area in the west bank .
Information about Tubas town :

TUBAS is a Palestinian city which is located in the north eastern part of the West Bank. Thecity is located to the west of the Governorate of Tubas. It is bordered by Tayasir and Alaqaba villages to the east, Aqqaba to the north, Aljadedah and Sereas villages (Jenin Governorate) to the west and Tamun and Alfarha to the south

[image: image3.emf]

The total area of Tubas city is 295,123 dunums, which represents approximately 55.6 % of theTubas Governorate's land area. 3000 dunums are classified as 'built up' areas, whilst 150,000dunums are agricultural, and 180,000 further dunums have been confiscated by Israelioccupation.Tubas city is the administrative center of the Governorate of Tubas and also the largestlocality. Whereas most of the governorate is in the Jordan valley, Tubas itself is located in thehills of the West Bank at the moderate elevation of 362 m above sea level.
Introduction
The power system in general consist of these parts:
1) Generating station: And this part consists of 

i) Generators in which electric power is produced by 3-phase alternators operating in parallel. And usually electric power is generated at voltages of 12kv to 25kv.

ii) Sub-station, where the power transformers step up the voltage to between 66kv 1000kv.

2) Primary transmission. The electric power at high voltages is transmitted by 3-phase 3-wire over head system to the outskirts of the city. This forms the primary transmission.

3) Secondary transmission. The primary transmission line terminates at the receiving station which usually lies at the outskirts of the city. At the receiving station the voltage is reduced to 33kv or 22kv by step-down transformers. 

4) Primary distribution. the secondary transmission line terminates at the sub-station where voltage is reduced from the secondary voltage to the primary distribution voltage usually 11kv ,could be 6.6kv 3-phase 3-wire .the 11kv lines run along the important road sides of the city . And forms the primary distribution.
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 Secondary distribution. The electric power form primary distribution line is delivered to distribution sub-stations. These sub-stations are located near the consumers localities and step down the voltage to 400v 3-phase 4-wire for secondary distribution. And this forms secondary distribution.
Chapter One: 

1.1  Electrical supply

TUBAS ELECTRICAL NETWORK is provided by Israel electrical company(IEC) through an over head transmission line  of 33 kv.The main circuit breaker is rated at (200 A).the max demand is reached (10MVA).
The main supply for electrical distribution network  in the tyaseer. And the voltage of the existing distribution networks are 33 kv only.IEC supplies electricity to the electrified communities by 33 KV by overhead lines . Electricity is purchased from IEC and then distributed to the consumers.Palestine has not yet a unified power system , the existing network is local low voltage distributions networks connected to Israeli electrical corporation (IEC) , where around 97% of consumed energy were and still supplied by the IEC .
1.2 Element of Tubas network
In this section we will study the elements of the network such as transformers, over head lines and underground cables.
1.2.1  Distribution Transformers:
Tubas  network consists of  73 - Δ/Υ - ,  33/0.4 KV distribution transformers.
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And the table shows the number of each of them and the rated KVA:

	Number of Transformers
	Transformer  Ratings (KVA)

	5
	630

	19
	400

	27
	250

	                     4


	                     160

	                    15


	                     100

	                     3


	                      50


1.2.2 Medium voltage 33kv lines :
1. Overhead lines:

The conducters used in the network are ACSR (120mm2 &  95mm2 & 50mm2)

The resistance and reactance of the ACSR conducter

[image: image7.jpg]


In the table below:

	ACSR
CABLE


	         R(Ohms/Km) 


	           X(Ohms/Km)                      

	120mm2
	0.219
	0.269

	95mm2
	0.301
	0.322

	50mm2
	0.543
	0.333


[image: image8.jpg]


2.Under ground cable
The under ground cable used in the network are XLPE Cu (95mm2 & 120mm2).
The resistance and reactance of XLPE in table below

	          XLPE
         CABLE
	              R(Ohms/Km) 


	              X(Ohms/Km) 



	95mm2
	0.41
	0.121

	120mm2
	0.196
	0.117


1.3 Energy consumption

In this section we will talk about the consumption of energy in Tubas  network:
1.3.1 The nature of the load

The table bellow shows the consumers classification and their size. 
	47%  
	Residential


	25%
	Industrial


	13%
	Commercial


	15%
	Others
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· The daily load curve :
We take readings to the load changes during the day, the result gives the graph below :
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The daily load curve  we have very important information like:

· Max demand

· Load factor

· The suitable distribution of the load

· Total energy consumption

· How to avoid penalties and other important things

1.3.2 The growth rate of the load

The table below shows the total consumption of energy for 5 years .

	Year
	Average Monthly          consumption

            In MWH 
	  Percentage growth

       %

	2006
	20,000
	---------------

	2007
	30,000
	50%

	2008
	40,000
	33%

	2009
	50,000
	25%

	           2010  

              
	           60,000
	           20%


We notice that the energy purchased from the ICE is changing during the

Years.
Chapter Two:

Analysis Of The Network:

2.1  ETAP power station
ETAP PowerStation allows us to work directly with graphical one line diagram.

And it provides us with text reports such as:
1.complete report.

2.Input data.

3.Results .

4.Summary reports
[image: image10.jpg]



2.2 Data needed for the load flow analysis:

2.2.1 power factor & load factor calculation

	Trans
	S(rated)

KVA
	S(actual)

KVA
	LF
	P.F
	P(load)

KW

	1
	100
	65
	0.65
	0.79
	51.35

	2
	250
	175
	0.7
	0.90
	157.5

	3
	100
	75
	0.75
	0.88
	66

	4
	250
	200
	0.8
	0.92
	184

	5
	250
	170
	0.68
	0.99
	168.3

	6
	250
	200
	0.8
	0.92
	184

	7
	400
	300
	0.75
	0.92
	276

	8
	400
	305
	0.76
	0.95
	290

	9
	250
	150
	0.6
	0.93
	139.5

	10
	630
	400
	0.63
	0.93
	372

	11
	400
	310
	0.77
	0.70
	217

	12
	400
	280
	0.7
	0.89
	249.2

	13
	400
	270
	0.67
	0.90
	243

	14
	250
	190
	0.76
	0.88
	167.2

	15
	250
	150
	0.6
	0.98
	147

	16
	250
	120
	0.48
	0.88
	105.6

	17
	250
	160
	0.64
	0.86
	137.5

	18
	250
	170
	0.68
	0.91
	154.7

	19
	250
	180
	0.72
	0.88
	154

	20
	250
	120
	0.48
	0.89
	158.4

	21
	400
	330
	0.82
	0.88
	290.4

	22
	100
	30
	0.3
	0.76
	22.8

	23
	250
	175
	0.7
	0.93
	162.75

	24
	400
	255
	0.64
	0.92
	234.6

	25
	400
	350
	0.87
	0.98
	343

	26
	400
	300
	0.75
	0.83
	249

	27
	400
	220
	0.55
	0.94
	207

	28
	100
	70
	0.7
	0.94
	65.8

	29
	50
	35
	0.7
	0.90
	31.5

	30
	250
	175
	0.7
	0.90
	157.5

	31
	400
	400
	1.0
	0.91
	364

	32
	50
	35
	0.7
	0.92
	32.2

	33
	100
	70
	0.7
	0.87
	60.9

	34
	400
	250
	0.62
	0.90
	225

	35
	250
	175
	0.7
	0.91
	159.25

	36
	100
	70
	0.7
	0.90
	63

	37
	400
	300
	0.75
	0.90
	270

	38
	100
	60
	0.6
	0.74
	44.4

	39
	100
	70
	0.7
	0.78
	54.6

	40
	100
	75
	0.75
	0.91
	68

	41
	400
	290
	0.72
	0.92
	267

	42
	160
	120
	0.75
	0.94
	113

	43
	400
	300
	0.75
	0.96
	288

	44
	400
	300
	0.75
	0.91
	273

	45
	160
	112
	0.7
	0.94
	105.28

	46
	100
	50
	0.5
	0.94
	47

	47
	250
	175
	0.7
	0.90
	157.5

	48
	160
	100
	0.62
	0.90
	90

	49
	100
	70
	0.7
	0.90
	63

	50
	250
	175
	0.7
	0.88
	154

	51
	250
	175
	0.7
	0.92
	161

	52
	400
	280
	0.7
	0.96
	268.8

	53
	250
	175
	0.7
	0.90
	157.5

	54
	630
	430
	0.68
	0.92
	395.6

	55
	100
	80
	0.8
	0.92
	73.6

	56
	250
	175
	0.7
	0.94
	164.5

	57
	160
	100
	0.62
	0.90
	90

	58
	100
	70
	0.7
	0.95
	66.5

	59
	250
	175
	0.7
	0.94
	164.5

	60
	250
	175
	0.7
	0.90
	157.5

	61
	50
	35
	0.7
	0.90
	31.5

	62
	250
	175
	0.7
	0.88
	154

	63
	100
	62
	0.62
	0.92
	57

	64
	100
	65
	0.65
	0.88
	57.2

	65
	250
	175
	0.7
	0.90
	157.5

	66
	250
	175
	0.7
	0.88
	154

	67
	400
	280
	0.7
	0.90
	252

	68
	630
	425
	0.67
	0.90
	382.5

	69
	630
	205
	0.57
	0.90
	184.5

	70
	630
	441
	0.7
	0.90
	396.9

	71
	400
	300
	0.75
	0.90
	270

	72
	250
	175
	0.7
	0.86
	150.5

	73
	250
	175
	0.7
	0.89
	155.75


2.3 The maximum case
2.3.1 the medium voltages & The low tension voltages  
The actual medium voltages and low voltage on each transformer is shown in the table below :  

	Transformer

    number
	Medium voltage(rated)

            Kv
	Medium voltage(actual)

            kv
	Low voltage(rated)

             kv
	Low voltage(actual)

            kv

	1
	33
	33
	0.4
	0.396

	2
	33
	32.854
	0.4
	0.394

	3
	33
	32.565
	0.4
	0.390

	4
	33
	32.35
	0.4
	0.388

	5
	33
	32.344
	0.4
	0.388

	6
	33
	32.333
	0.4
	0.389

	7
	33
	32.29
	0.4
	0.387

	8
	33
	32.261
	0.4
	0.387

	9
	33
	32.203
	0.4
	0.386

	10
	33
	32.129
	0.4
	0.385

	11
	33
	31.98
	0.4
	0.380

	12
	33
	31.928
	0.4
	0.382

	13
	33
	31.8
	0.4
	0.380

	14
	33
	31.787
	0.4
	0.379

	15
	33
	31.772
	0.4
	0.379

	16
	33
	31.77
	0.4
	0.381

	17
	33
	31.769
	0.4
	0.381

	18
	33
	31.764
	0.4
	0.379

	19
	33
	31.764
	0.4
	0.380

	20
	33
	31.763
	0.4
	0.379

	21
	33
	31.763
	0.4
	0.382

	22
	33
	31.82
	0.4
	0.382

	23
	33
	31.721
	0.4
	0.378

	24
	33
	31.695
	0.4
	0.378

	25
	33
	31.69
	0.4
	0.379

	26
	33
	31.624
	0.4
	0.379

	27
	33
	31.614
	0.4
	0.376

	28
	33
	31.571
	0.4
	0.377

	29
	33
	31.536
	0.4
	0.377

	30
	33
	31.516
	0.4
	0.376

	31
	33
	31.515
	0.4
	0.374

	32
	33
	31.524
	0.4
	0.376

	33
	33
	31.524
	0.4
	0.377

	34
	33
	31.521
	0.4
	0.376

	35
	33
	31.515
	0.4
	0.374

	36
	33
	31.512
	0.4
	0.376

	37
	33
	31.507
	0.4
	0.376

	38
	33
	31.506
	0.4
	0.377

	39
	33
	31.635
	0.4
	0.376

	40
	33
	31.631
	0.4
	0.376

	41
	33
	31.611
	0.4
	0.377

	42
	33
	31.578
	0.4
	0.377

	43
	33
	31.569
	0.4
	0.378

	44
	33
	31.564
	0.4
	0.377

	45
	33
	31.566
	0.4
	0.377

	46
	33
	31.559
	0.4
	0.378

	47
	33
	31.552
	0.4
	0.377

	48
	33
	31.548
	0.4
	0.377

	49
	33
	31.662
	0.4
	0.378

	50
	33
	31.658
	0.4
	0.378

	51
	33
	31.656
	0.4
	0.379

	52
	33
	32.305
	0.4
	0.387

	53
	33
	32.304
	0.4
	0.387

	54
	33
	32.242
	0.4
	0.386

	55
	33
	32.231
	0.4
	0.386

	56
	33
	32.231
	0.4
	0.386

	57
	33
	32.226
	0.4
	0.387

	58
	33
	32.222
	0.4
	0.386

	59
	33
	32.219
	0.4
	0.386

	60
	33
	32.218
	0.4
	0.386

	61
	33
	32.233
	0.4
	0.386

	62
	33
	32.201
	0.4
	0.386

	63
	33
	32.181
	0.4
	0.385

	64
	33
	32.178
	0.4
	0.385

	65
	33
	32.176
	0.4
	0.385

	66
	33
	32.178
	0.4
	0.385

	67
	33
	32.176
	0.4
	0.385

	68
	33
	32.174
	0.4
	0.385

	69
	33
	32.168
	0.4
	0.387

	70
	33
	32.165
	0.4
	0.385

	71
	33
	31.611
	0.4
	0.377

	72
	33
	31.55
	0.4
	0.377

	73
	33
	31.768
	0.4
	0.379


 Note : the colored values refers to the least low voltages which has more drop of voltages.
2.3.2 Value of maximum loads in table below:(before improvement)
The table below shows the power factor, real and reactive power on each transformer:
	Transformer
	Vnom

(KV)
	Rated 

(KVA)
	Load

(KVA)
	POWER FACTOR
	MOTOR  LOAD
	STATIC  LOAD

	
	
	
	
	
	P(KW)
	Q(KVAR)
	P(KW)
	Q(KVAR)

	

	1
	0.4
	100
	65
	0.79
	31
	24
	21
	16

	2
	0.4
	250
	175
	0.90
	95
	64
	63
	31

	3
	0.4
	100
	75
	0.88
	40
	21
	26
	14

	4
	0.4
	250
	200
	0.93
	112
	44
	74
	29

	5
	0.4
	250
	170
	0.92
	94
	40
	63
	27

	6
	0.4
	250
	200
	0.99
	119
	71
	79
	11

	7
	0.4
	400
	300
	0.92
	166
	71
	110
	47

	8
	0.4
	400
	305
	0.95
	147
	57
	116
	38

	9
	0.4
	250
	150
	0.93
	84
	33
	56
	22

	10
	0.4
	630
	400
	0.93
	223
	88
	149
	59

	11
	0.4
	400
	310
	0.70
	130
	133
	87
	89

	12
	0.4
	400
	280
	0.89
	150
	77
	100
	51

	13
	0.4
	400
	270
	0.90
	146
	71
	97
	47

	14
	0.4
	250
	190
	0.88
	100
	54
	67
	36

	15
	0.4
	250
	150
	0.86
	88
	18
	59
	12

	16
	0.4
	250
	120
	0.98
	63
	34
	42
	23

	17
	0.4
	250
	160
	0.88
	83
	49
	55
	83

	18
	0.4
	250
	170
	0.86
	93
	42
	62
	28

	19
	0.4
	250
	180
	0.91
	95
	51
	63
	34

	20
	0.4
	   250
	120
	0.88
	64
	33
	43
	22

	21
	0.4
	   400
	330
	0.89
	16
	9
	11
	6

	22
	0.4
	   100
	30
	0.88
	80
	68
	53
	45

	23
	0.4
	   250
	175
	0.76
	184
	73
	123
	49

	24
	0.4
	  400
	255
	0.93
	141
	60
	94
	40

	25
	0.4
	  400
	350
	0.92
	194
	39
	129
	26

	26
	0.4
	  400
	300
	0.98
	149
	100
	100
	67

	27
	0.4
	  400
	220
	0.83
	39
	14
	26
	10

	28
	0.4
	  100
	70
	0.94
	20
	7
	13
	5

	29
	0.4
	  50
	35
	0.94
	95
	46
	63
	31

	30
	0.4
	  250
	175
	0.90
	216
	105
	144
	70

	31
	0.4
	  400
	400
	0.90
	19
	9
	13
	6

	32
	0.4
	  50
	35
	0.91
	39
	16
	26
	11

	33
	0.4
	  100
	70
	0.92
	131
	74
	87
	49

	34
	0.4
	  400
	250
	0.87
	151
	73
	101
	49

	35
	0.4
	  250         
	175
	0.90
	38
	17
	25
	12

	Transformer
	Vnom

(KV)
	Rated 

(KVA)
	Load

(KVA)
	POWER FACTOR
	MOTOR  LOAD
	STATIC  LOAD

	
	
	
	
	
	P(KW)
	Q(KVAR)
	P(KW)
	Q(KVAR)

	
	
	
	
	
	
	
	
	

	36
	0.4
	100
	70
	0.91
	162
	78
	108
	52

	37
	0.4
	400
	300
	0.90
	32
	16
	22
	10

	38
	0.4
	100
	60
	0.90
	31
	28
	21
	19

	39
	0.4
	100
	70
	0.74
	35
	28
	23
	19

	40
	0.4
	100
	75
	0.78
	158
	72
	106
	48

	41
	0.4
	400
	290
	0.91
	166
	71
	110
	47

	42
	0.4
	160
	120
	0.94
	68
	25
	45
	16

	43
	0.4
	400
	300
	0.96
	173
	50
	115
	34

	44
	0.4
	400
	300
	0.91
	153
	70
	102
	46

	45
	0.4
	160
	112
	0.94
	63
	23
	42
	15

	46
	0.4
	100
	50
	0.94
	28
	10
	19
	7

	47
	0.4
	250
	175
	0.90
	95
	46
	63
	31

	48
	0.4
	160
	100
	0.90
	95
	46
	63
	31

	49
	0.4
	100
	70
	0.88
	54
	26
	36
	17

	50
	0.4
	250
	175
	0.92
	37
	20
	25
	13

	51
	0.4
	250
	175
	0.96
	97
	41
	64
	27

	52
	0.4
	400
	280
	0.90
	101
	29
	67
	20

	53
	0.4
	250
	175
	0.92
	151
	73
	101
	49

	54
	0.4
	630
	430
	0.92
	97
	41
	64
	27

	55
	0.4
	100
	80
	0.94
	237
	101
	158
	67

	56
	0.4
	250
	175
	0.90
	45
	16
	30
	11

	57
	0.4
	160
	100
	0.95
	95
	46
	63
	31

	58
	0.4
	100
	70
	0.94
	57
	19
	38
	12

	59
	0.4
	250
	175
	0.90
	39
	14
	26
	10

	60
	0.4
	250
	175
	0.90
	95
	46
	63
	31

	61
	0.4
	50
	35
	0.88
	95
	46
	63
	31

	62
	0.4
	250
	175
	0.92
	18
	10
	12
	7

	63
	0.4
	100
	62
	0.88
	97
	41
	64
	27

	64
	0.4
	100
	65
	0.90
	33
	18
	22
	12

	65
	0.4
	250
	175
	0.88
	35
	17
	23
	11

	66
	0.4
	250
	175
	0.90
	92
	50
	62
	33

	67
	0.4
	400
	280
	0.90
	95
	46
	63
	31

	68
	0.4
	630
	425
	0.90
	151
	73
	101
	49

	69
	0.4
	630
	205
	0.90
	230
	111
	153
	74

	70
	0.4
	630
	441
	0.90
	111
	54
	74
	36

	71
	0.4
	400
	300
	0.92
	238
	115
	159
	57

	72
	0.4
	250
	175
	0.90
	90
	54
	60
	36

	73
	0.4
	250
	175
	0.89
	93
	48
	62
	32


Note : the power factor less than 92% . This causes more penalties on the total bill
2.3.3 SUMMARY

we have to summarize the results, total generation, demand , loading., percentage of losses, and the total power factor.
	
	MW
	Mvar
	MVA
	% PF

	Swing Bus(es):
	12.308
	6.106
	13.740
	89.6  Lag

	Generators:
	0.000
	0.000
	0.000
	100.00 lag

	Total Demand:
	12.308
	6.106
	13.740
	89.6     Lag

	Total Motor Load:
	7.399
	3.431
	           8.156                               
	90.7 lag

	Total Static Load:
	4.488
	2.080
	
	

	Apparent Losses:
	0.421
	0.595
	
	


The swing current = 240 A
1.the p.f in the   network equal  88.3  and   this value causes   a lot of    problem   specially   paying   banalities   and this value  must be   (0.92-0.95)  the   p.f   is   related to  the current in the network   according that when   the p.f  is  poor  the  current in the network is high this   also can  cause  increasing the  loses in the network .
2. We  will notice in the improvement of the p.f  that when the p.f   increase the current   decrease  then the losses decrease.

3. We   notes  that   the voltage   of   buses  is not   acceptable  and this  voltage will be   less when   it reached the   consumer  and the machine and the substances for the consumer   work   the   rated   approximately  so   this   causes a lot of problem for the consumer.

2.3.4 Problem of the network

1. The P.F is less than 0.92 ; this cause penalties and power losses.

2. There is a voltage drop  and power losses
2.4 The maximum load improvement
we have # of methods in order to improve the network  for  a lot of positive effects  such as  reducing the cost / kwh  . these methods are:

1-  increasing  the  swing  bus  voltage

 2-  tab changing in the transformer.

3- adding capacitors to produce reactive power

4- change the connection of the network
.2.4.1  increasing the swing bus voltage
In   the   network   the   connection  point   have   the   flexibility   to increase   the   voltage    on   the   swing   bus   up to 5%   from   the original   voltage   (33 kv)  the   new  value   of   the   swing   bus voltage   equal  (34.65KV)   the   run   of  etab   after   applying   this improvement   the data   shown in the following table:
	Transformer

    number
	     Rated

        Kv
	Actual

kv            
	  Rated

 KVA     
	   Load

   KVA  
	      PF


	1
	0.4
	0.416
	65
	67
	79

	2
	0.4
	0.414
	175
	180
	90

	3
	0.4
	0.410
	75
	77
	88

	4
	0.4
	0.408
	200
	203
	93

	5
	0.4
	0.408
	170
	173
	92

	6
	0.4
	0.409
	200
	204
	99

	7
	0.4
	0.407
	300
	304
	92

	8
	0.4
	0.407
	305
	309
	95

	9
	0.4
	0.406
	150
	152
	93

	10
	0.4
	0.405
	400
	404
	93

	11
	0.4
	0.401
	310
	310
	70

	12
	0.4
	0.402
	280
	281
	89

	13
	0.4
	0.400
	270
	270
	92

	14
	0.4
	0.399
	190
	190
	88

	15
	0.4
	0.399
	150
	175
	86

	16
	0.4
	0.402
	120
	150
	98

	17
	0.4
	0.401
	160
	120
	88

	18
	0.4
	0.400
	170
	160
	86

	19
	0.4
	0.400
	180
	170
	91

	20
	0.4
	0.399
	120
	180
	88

	21
	0.4
	0.402
	330
	120
	89

	22
	0.4
	0.403
	30
	30
	88

	23
	0.4
	0.398
	175
	174
	76

	24
	0.4
	0.399
	255
	329
	93

	25
	0.4
	0.399
	350
	255
	92

	26
	0.4
	0.399
	300
	329
	98

	27
	0.4
	0.397
	220
	298
	83

	28
	0.4
	0.398
	70
	70
	94

	29
	0.4
	0.397
	35
	35
	94

	30
	0.4
	0.396
	175
	174
	90

	31
	0.4
	0.395
	400
	396
	90

	32
	0.4
	0.397
	35
	35
	91

	33
	0.4
	0.397
	70
	70
	92

	34
	0.4
	0.397
	250
	248
	87

	35
	0.4
	0.394
	175
	277
	90

	36
	0.4
	0.397
	70
	70
	91

	37
	0.4
	0.396
	300
	298
	90

	38
	0.4
	0.397
	60
	60
	90

	39
	0.4
	0.397
	70
	70
	74

	40
	0.4
	0.397
	75
	74
	78

	41
	0.4
	0.398
	290
	289
	91

	42
	0.4
	0.398
	120
	119
	94

	43
	0.4
	0.398
	300
	299
	96

	44
	0.4
	0.397
	300
	278
	91

	45
	0.4
	0.398
	112
	111
	94

	46
	0.4
	0.398
	50
	50
	94

	47
	0.4
	0.397
	175
	174
	90

	48
	0.4
	0.397
	100
	99
	90

	49
	0.4
	0.398
	70
	70
	88

	50
	0.4
	0.399
	175
	175
	92

	51
	0.4
	0.399
	175
	175
	96

	52
	0.4
	0.407
	280
	284
	90

	53
	0.4
	0.407
	175
	178
	92

	54
	0.4
	0.406
	430
	436
	92

	55
	0.4
	0.406
	80
	81
	94

	56
	0.4
	0.406
	175
	177
	90

	57
	0.4
	0.407
	100
	101
	95

	58
	0.4
	0.406
	70
	71
	94

	59
	0.4
	0.406
	175
	177
	90

	60
	0.4
	0.406
	175
	177
	90

	61
	0.4
	0.406
	35
	35
	88

	62
	0.4
	0.406
	175
	177
	92

	63
	0.4
	0.406
	62
	63
	88

	64
	0.4
	0.406
	65
	66
	90

	65
	0.4
	0.405
	175
	177
	88

	66
	0.4
	0.405
	175
	177
	90

	67
	0.4
	0.405
	280
	283
	90

	68
	0.4
	0.405
	425
	430
	90

	69
	0.4
	0.407
	205
	208
	90

	70
	0.4
	0.405
	441
	446
	90

	71
	0.4
	0.398
	300
	299
	92

	72
	0.4
	0.397
	175
	174
	90

	73
	0.4
	0.400
	175
	175
	89


This   table   shows   the   bus voltage  after   increasing  the  swing  bus voltage.
But we can't apply this method because the control of swing bus only by IEC
2.4.2 improvement the max. case using tap changing

In this   method   of  tab   changing    involves   changing    in  the   tab ratio  on t he transformer    but in   limiting   rang   which not   accede (5% ).

And   after   we   applying   this   method   we   have the following   result   as  shown  I  the  table   below :
	Transformer

    number
	     Rated

        kv
	Actual

kv            
	      Rated

      KVA
	  Actual

  KVA    
	     PF

	1
	0.4
	0.415
	65
	67
	79

	2
	0.4
	0.414
	175
	188
	90

	3
	0.4
	0.413
	75
	79
	88

	4
	0.4
	0.415
	200
	206
	93

	5
	0.4
	0.415
	170
	175
	92

	6
	0.4
	0.416
	200
	206
	99

	7
	0.4
	0.413
	300
	308
	92

	8
	0.4
	0.413
	305
	313
	95

	9
	0.4
	0.413
	150
	154
	93

	10
	0.4
	0.416
	400
	413
	93

	11
	0.4
	0.419
	310
	322
	70

	12
	0.4
	0.416
	280
	289
	89

	13
	0.4
	0.419
	270
	280
	92

	14
	0.4
	0.418
	190
	197
	88

	15
	0.4
	0.418
	150
	181
	86

	16
	0.4
	0.416
	120
	155
	98

	17
	0.4
	0.419
	160
	125
	88

	18
	0.4
	0.418
	170
	166
	86

	19
	0.4
	0.418
	180
	176
	91

	20
	0.4
	0.418
	120
	186
	88

	21
	0.4
	0.416
	330
	124
	89

	22
	0.4
	0.417
	30
	31
	88

	23
	0.4
	0.416
	175
	181
	76

	24
	0.4
	0.417
	255
	341
	93

	25
	0.4
	0.417
	350
	264
	92

	26
	0.4
	0.417
	300
	341
	98

	27
	0.4
	0.415
	220
	309
	83

	28
	0.4
	0.416
	70
	72
	94

	29
	0.4
	0.415
	35
	36
	94

	30
	0.4
	0.414
	175
	180
	90

	31
	0.4
	0.412
	400
	410
	90

	32
	0.4
	0.414
	35
	36
	91

	33
	0.4
	0.414
	70
	72
	92

	34
	0.4
	0.414
	250
	257
	87

	35
	0.4
	0.411
	175
	287
	90

	36
	0.4
	0.414
	70
	72
	91

	37
	0.4
	0.414
	300
	308
	90

	38
	0.4
	0.414
	60
	62
	90

	39
	0.4
	0.415
	70
	72
	74

	40
	0.4
	0.414
	75
	77
	78

	41
	0.4
	0.416
	290
	299
	91

	42
	0.4
	0.415
	120
	124
	94

	43
	0.4
	0.416
	300
	310
	96

	44
	0.4
	0.415
	300
	289
	91

	45
	0.4
	0.415
	112
	116
	94

	46
	0.4
	0.416
	50
	52
	94

	47
	0.4
	0.415
	175
	180
	90

	48
	0.4
	0.415
	100
	103
	90

	49
	0.4
	0.416
	70
	72
	88

	50
	0.4
	0.417
	175
	181
	92

	51
	0.4
	0.417
	175
	180
	96

	52
	0.4
	0.418
	280
	290
	90

	53
	0.4
	0.418
	175
	181
	92

	54
	0.4
	0.417
	430
	445
	92

	55
	0.4
	0.417
	80
	83
	94

	56
	0.4
	0.417
	175
	181
	90

	57
	0.4
	0.418
	100
	104
	95

	58
	0.4
	0.417
	70
	72
	94

	59
	0.4
	0.417
	175
	181
	90

	60
	0.4
	0.417
	175
	181
	90

	61
	0.4
	0.417
	35
	36
	88

	62
	0.4
	0.417
	175
	181
	92

	63
	0.4
	0.416
	62
	64
	88

	64
	0.4
	0.416
	65
	67
	90

	65
	0.4
	0.416
	175
	181
	88

	66
	0.4
	0.416
	175
	181
	90

	67
	0.4
	0.416
	280
	289
	90

	68
	0.4
	0.416
	425
	439
	90

	69
	0.4
	0.418
	205
	213
	90

	70
	0.4
	0.416
	441
	455
	90

	71
	0.4
	0.416
	300
	310
	92

	72
	0.4
	0.415
	175
	180
	90

	73
	0.4
	0.418
	175
	181
	89


This table show that the volteges of buses after improvement by changing the taps of transformer.
	
	MW
	Mvar
	MVA
	% PF

	Swing Bus(es):
	13.215
	6.574
	14.760
	89.5 lag

	Generators:
	0.000
	0.000
	0.000
	100.00 lag

	Total Demand:
	13.215
	6.574
	14.760
	89.5 lag

	Total Motor Load:
	7.399
	3.431
	           8.156                                  
	90.7 lag

	Total Static Load:
	5.332
	  2.473
	
	

	Apparent Losses:
	0.485
	0.669
	
	


The swing current = 258 A
Representing the total demand….. losses ,and whole PF  for the tap changing improvement.
2.4.3 Power factor improvement

The cosine of angle of Phase displacement between voltage and current in an AC circuit is known as Power Factor. The Reactive component is a measure of the Power Factor.  Under normal operating conditions certain electrical loads (e.g. induction motors, welding equipment, arc furnaces and fluorescent lighting (draw not only active power from the supply (kilowatts, kW) but also reactive power (reactive KVAR). This reactive power is necessary for the equipment to operate correctly but could be interpreted as an undesirable burden on the supply. 
How to improve the P.F?

[image: image11.emf]

Where:

· Qc: the reactive power to be compensated by the capacitor.

· P: the real power of the load.

· Ø old: the actual power angle.

· Ø New: the proposed power angle.
Capacitor banks 
The important method of improvement power factor is by adding shunt capacitor banks at the buses at both transmission and distribution levels and loads and there are more effective to add them in the low level voltages.
Effect of Low Power Factor 
1.Higher Apparent Current 

2.Higher Losses in the Electrical Distribution network 

3.Low Voltage in the network
Benefits of Improving Power Factor
1.Lower Apparent Power.

2. Reduces losses in the transmission line  .

3. Improves voltage drop.

4.Reduces load factor on transformers.

5.Avoiding the penalties.
The problem of low power factor 

The  low P.F is highly undesirable as it causes an increase in current, resulting in additional losses of active power in all the elements of power system from power station generator down to the utilization devices.In addition to the losses the low P.F causes penalties, for example for every 1% P.F below 92% and above 80% costs us 1% of the total bill.
The power factor improvement for max. load
-- our aim to improvement of p .f in order to avoid penalties and ton reduce the current flow in the network which reduce the electrical losses in the network 
-- the power factor after the improving must be in the range (0.92- 0.95)
--  we use this equation to calculate  the  reactive  power needing for this improvement is: 
Qc  = P(tan cos (p.f old)- tan cos (p.f new))

PF old = 89.5
PF new at least = 92%

Q=13.215 (tan (26.49) – tan(23.074)) = 957 KVAR
The capacitor is added in delta connection parallel to the transformer in secendary side(0.4 kv).

The table below shows the voltage level before and after adding the capacitance:

	Transformer

    number
	 voltage(rated)

            kv
	Q(KVAR)
	voltage(actual)

        before

add. capacitors
	voltage(rated)

        after

add. capacitors
	Pf

before
	Pf

after

	1
	0.4
	30
	0.415
	0.418
	79
	98

	2
	0.4
	50
	0.414
	0.416
	90
	98

	3
	0.4
	20
	0.413
	0.416
	88
	97

	4
	0.4
	
	0.415
	0.415
	93
	93

	5
	0.4
	
	0.415
	0.415
	92
	92

	6
	0.4
	
	0.416
	0.416
	99
	99

	7
	0.4
	
	0.413
	0.413
	92
	92

	8
	0.4
	
	0.413
	0.413
	95
	95

	9
	0.4
	
	0.413
	0.413
	93
	93

	10
	0.4
	
	0.416
	0.416
	93
	93

	11
	0.4
	150
	0.419
	0.424
	70
	96

	12
	0.4
	50
	0.416
	0.418
	89
	95

	13
	0.4
	
	0.419
	0.419
	92
	92

	14
	0.4
	25
	0.418
	0.420
	88
	93

	15
	0.4
	30
	0.418
	0.420
	86
	93

	16
	0.4
	
	0.416
	0.416
	98
	98

	17
	0.4
	15
	0.419
	0.421
	88
	93

	18
	0.4
	30
	0.418
	0.420
	86
	93

	19
	0.4
	
	0.418
	0.418
	91
	91

	20
	0.4
	20
	0.418
	0.419
	88
	92

	21
	0.4
	15
	0.416
	0.417
	89
	94

	22
	0.4
	
	0.417
	0.417
	88
	88

	23
	0.4
	60
	0.416
	0.419
	76
	93

	24
	0.4
	
	0.417
	0.417
	93
	93

	25
	0.4
	
	0.417
	0.417
	92
	92

	26
	0.4
	
	0.417
	0.417
	98
	98

	27
	0.4
	65
	0.415
	0.417
	83
	92

	28
	0.4
	
	0.416
	0.416
	94
	94

	29
	0.4
	
	0.415
	0.415
	94
	94

	30
	0.4
	
	0.414
	0.414
	90
	90

	31
	0.4
	
	0.412
	0.412
	90
	90

	32
	0.4
	
	0.414
	0.414
	91
	91

	33
	0.4
	
	0.414
	0.414
	92
	92

	34
	0.4
	50
	0.414
	0.417
	87
	94

	35
	0.4
	30
	0.411
	0.414
	90
	93

	36
	0.4
	
	0.414
	0.414
	91
	91

	37
	0.4
	30
	0.414
	0.415
	90
	93

	38
	0.4
	
	0.414
	0.414
	90
	90

	39
	0.4
	30
	0.415
	0.418
	74
	95

	40
	0.4
	25
	0.414
	0.418
	78
	94

	41
	0.4
	
	0.416
	0.416
	91
	91

	42
	0.4
	
	0.415
	0.415
	94
	94

	43
	0.4
	
	0.416
	0.416
	96
	96

	44
	0.4
	
	0.415
	0.415
	91
	91

	45
	0.4
	
	0.415
	0.415
	94
	94

	46
	0.4
	
	0.416
	0.416
	94
	94

	47
	0.4
	
	0.415
	0.415
	90
	90

	48
	0.4
	
	0.415
	0.415
	90
	90

	49
	0.4
	15
	0.416
	0.419
	88
	96

	50
	0.4
	
	0.417
	0.417
	92
	92

	51
	0.4
	
	0.417
	0.417
	96
	96

	52
	0.4
	
	0.418
	0.418
	90
	90

	53
	0.4
	
	0.418
	0.418
	92
	92

	54
	0.4
	
	0.417
	0.417
	92
	92

	55
	0.4
	
	0.417
	0.417
	94
	94

	56
	0.4
	
	0.417
	0.417
	90
	90

	57
	0.4
	
	0.418
	0.418
	95
	95

	58
	0.4
	
	0.417
	0.417
	94
	94

	59
	0.4
	
	0.417
	0.417
	90
	90

	60
	0.4
	
	0.417
	0.417
	90
	90

	61
	0.4
	
	0.417
	0.417
	88
	88

	62
	0.4
	
	0.417
	0.417
	92
	92

	63
	0.4
	
	0.416
	0.416
	88
	88

	64
	0.4
	
	0.416
	0.416
	90
	90

	65
	0.4
	30
	0.416
	0.417
	88
	94

	66
	0.4
	30
	0.416
	0.418
	90
	96

	67
	0.4
	30
	0.416
	0.417
	90
	93

	68
	0.4
	
	0.416
	0.416
	90
	90

	69
	0.4
	20
	0.418
	0.419
	90
	93

	70
	0.4
	
	0.416
	0.416
	90
	90

	71
	0.4
	
	0.416
	0.416
	92
	92

	72
	0.4
	
	0.415
	0.415
	90
	90

	73
	0.4
	
	0.418
	0.418
	89
	89


The result of basic information of the network after adding capacitance:
	
	MW
	Mvar
	MVA
	% PF

	Swing Bus(es):
	13.222
	5.623
	14.368
	92.0lag

	Generators:
	0.000
	0.000
	0.000
	100.00 lag

	Total Demand:
	13.222
	5.623
	14.368
	92.0lag

	Total Motor Load:
	7.399
	3.431
	           8.156                                  
	90.7 lag

	Total Static Load:
	5.363  
	1.558
	
	

	Apparent Losses:
	0.460
	0.634
	
	


The swing current = 251A
We note:

when we increase power factor the losses in the network decrease and the total current decrease .

Losses before p.f improvement = 0.485 Mw .  

 Losses after p.f improvement = 0.460Mw .

Total current in origin case = 258A

Total current before voltage improvement= 251 A
2.4.4 the voltage level improvement using capacitors

	Transformer

    number
	 voltage(rated)

            kv
	Q(KVAR)
	voltage(actual)

        before

add. capacitors
	voltage(rated)

        after

add. capacitors
	Pf

before
	Pf

after

	1
	0.4
	30
	0.396
	0.398
	79
	98

	2
	0.4
	30
	0.394
	0.395
	90
	95

	3
	0.4
	20
	0.390
	0.392
	88
	97

	4
	0.4
	
	0.388
	0.388
	93
	93

	5
	0.4
	
	0.388
	0.388
	92
	92

	6
	0.4
	
	0.389
	0.389
	99
	99

	7
	0.4
	
	0.387
	0.387
	92
	92

	8
	0.4
	
	0.387
	0.387
	95
	95

	9
	0.4
	
	0.386
	0.386
	93
	93

	10
	0.4
	
	0.385
	0.385
	93
	93

	11
	0.4
	150
	0.380
	0.384
	70
	94

	12
	0.4
	80
	0.382
	0.384
	89
	98

	13
	0.4
	20
	0.380
	0.381
	90
	92.5

	14
	0.4
	50
	0.379
	0.381
	88
	96

	15
	0.4
	50
	0.379
	0.381
	86
	96

	16
	0.4
	
	0.381
	0.381
	98
	98

	17
	0.4
	30
	0.381
	0.382
	88
	96

	18
	0.4
	50
	0.379
	0.382
	86
	97

	19
	0.4
	
	0.380
	0.380
	91
	91

	20
	0.4
	30
	0.379
	0.381
	88
	94

	21
	0.4
	30
	0.382
	0.383
	89
	97

	22
	0.4
	10
	0.382
	0.384
	88
	98

	23
	0.4
	80
	0.378
	0.381
	76
	96

	24
	0.4
	
	0.378
	0.378
	93
	93

	25
	0.4
	
	0.379
	0.379
	92
	92

	26
	0.4
	
	0.379
	0.379
	98
	98

	27
	0.4
	100
	0.376
	0.379
	83
	96

	28
	0.4
	
	0.377
	0.378
	94
	94

	29
	0.4
	
	0.377
	0.378
	94
	94

	30
	0.4
	30
	0.376
	0.378
	90
	95

	31
	0.4
	80
	0.374
	0.377
	90
	95

	32
	0.4
	10
	0.376
	0.379
	91
	98

	33
	0.4
	15
	0.377
	0.379
	92
	98

	34
	0.4
	80
	0.376
	0.379
	87
	97

	35
	0.4
	80
	0.374
	0.378
	90
	97

	36
	0.4
	20
	0.376
	0.380
	91
	98

	37
	0.4
	80
	0.376
	0.379
	90
	98

	38
	0.4
	20
	0.377
	0.380
	90
	99

	39
	0.4
	30
	0.376
	0.380
	74
	94

	40
	0.4
	30
	0.376
	0.380
	78
	95

	41
	0.4
	30
	0.377
	0.380
	91
	94

	42
	0.4
	
	0.377
	0.377
	94
	94

	43
	0.4
	
	0.378
	0.378
	96
	96

	44
	0.4
	50
	0.377
	0.380
	91
	96

	45
	0.4
	
	0.377
	0.377
	94
	94

	46
	0.4
	
	0.378
	0.378
	94
	94

	47
	0.4
	30
	0.377
	0.379
	90
	95

	48
	0.4
	30
	0.377
	0.380
	90
	98

	49
	0.4
	20
	0.378
	0.381
	88
	97

	50
	0.4
	
	0.378
	0.378
	92
	92

	51
	0.4
	
	0.379
	0.379
	96
	96

	52
	0.4
	50
	0.387
	0.389
	90
	96

	53
	0.4
	
	0.387
	0.387
	92
	92

	54
	0.4
	
	0.386
	0.386
	92
	92

	55
	0.4
	
	0.386
	0.386
	94
	94

	56
	0.4
	50
	0.386
	0.388
	90
	98

	57
	0.4
	
	0.387
	0.387
	95
	95

	58
	0.4
	
	0.386
	0.386
	94
	94

	59
	0.4
	30
	0.386
	0.388
	90
	95

	60
	0.4
	30
	0.386
	0.387
	90
	95

	61
	0.4
	10
	0.386
	0.388
	88
	97

	62
	0.4
	
	0.386
	0.386
	92
	92

	63
	0.4
	20
	0.385
	0.387
	88
	98

	64
	0.4
	20
	0.385
	0.388
	90
	98

	65
	0.4
	30
	0.385
	0.386
	88
	93

	66
	0.4
	50
	0.385
	0.388
	90
	98

	67
	0.4
	80
	0.385
	0.388
	90
	98

	68
	0.4
	100
	0.385
	0.388
	90
	97

	69
	0.4
	50
	0.387
	0.389
	90
	97

	70
	0.4
	80
	0.385
	0.387
	90
	96

	71
	0.4
	30
	0.377
	0.380
	92
	95

	72
	0.4
	30
	0.377
	0.379
	90
	95

	73
	0.4
	50
	0.379
	0.382
	89
	97


The result of basic information of the network after adding capacitance:
	
	MW
	Mvar
	MVA
	% PF

	Swing Bus(es):
	12.322
	4.132
	12.996
	94.8lag

	Generators:
	0.000
	0.000
	0.000
	100.00 lag

	Total Demand:
	12.322
	4.132
	12.996
	94.8lag

	Total Motor Load:
	7.399
	3.431
	           8.156                                  
	90.7 lag

	Total Static Load:
	4.548  
	0.169
	
	

	Apparent Losses:
	0.375
	0.531
	
	


2.4.5 Comparison between three case

1.   the origin case .
2.   power factor improvement  case .   

3.   improvement  using tap.
	Transformer

number
	Voltage

Orginal

case 

	Voltage

Improve

By tap  


	Pf improvement

case.

	1
	0.396
	0.415
	0.418

	2
	0.394
	0.414
	0.416

	3
	0.390
	0.413
	0.416

	4
	0.388
	0.415
	0.415

	5
	0.388
	0.415
	0.415

	6
	0.389
	0.416
	0.416

	7
	0.387
	0.413
	0.413

	8
	0.387
	0.413
	0.413

	9
	0.386
	0.413
	0.413

	10
	0.385
	0.416
	0.416

	11
	0.380
	0.419
	0.424

	12
	0.382
	0.416
	0.418

	13
	0.380
	0.419
	0.419

	14
	0.379
	0.418
	0.420

	15
	0.379
	0.418
	0.420

	16
	0.381
	0.416
	0.416

	17
	0.381
	0.419
	0.421

	18
	0.379
	0.418
	0.420

	19
	0.380
	0.418
	0.418

	20
	0.379
	0.418
	0.419

	21
	0.382
	0.416
	0.417

	22
	0.382
	0.417
	0.417

	23
	0.378
	0.416
	0.419

	24
	0.378
	0.417
	0.417

	25
	0.379
	0.417
	0.417

	26
	0.379
	0.417
	0.417

	27
	0.376
	0.415
	0.417

	28
	0.377
	0.416
	0.416

	29
	0.377
	0.415
	0.415

	30
	0.376
	0.414
	0.414

	31
	0.374
	0.412
	0.412

	32
	0.376
	0.414
	0.414

	33
	0.377
	0.414
	0.414

	34
	0.376
	0.414
	0.417

	35
	0.374
	0.411
	0.414

	36
	0.376
	0.414
	0.414

	37
	0.376
	0.414
	0.415

	38
	0.377
	0.414
	0.414

	39
	0.376
	0.415
	0.418

	40
	0.376
	0.414
	0.418

	41
	0.377
	0.416
	0.416

	42
	0.377
	0.415
	0.415

	43
	0.378
	0.416
	0.416

	44
	0.377
	0.415
	0.415

	45
	0.377
	0.415
	0.415

	46
	0.378
	0.416
	0.416

	47
	0.377
	0.415
	0.415

	48
	0.377
	0.415
	0.415

	49
	0.378
	0.416
	0.419

	50
	0.378
	0.417
	0.417

	51
	0.379
	0.417
	0.417

	52
	0.387
	0.418
	0.418

	53
	0.387
	0.418
	0.418

	54
	0.386
	0.417
	0.417

	55
	0.386
	0.417
	0.417

	56
	0.386
	0.417
	0.417

	57
	0.387
	0.418
	0.418

	58
	0.386
	0.417
	0.417

	59
	0.386
	0.417
	0.417

	60
	0.386
	0.417
	0.417

	61
	0.386
	0.417
	0.417

	62
	0.386
	0.417
	0.417

	63
	0.385
	0.416
	0.416

	64
	0.385
	0.416
	0.416

	65
	0.385
	0.416
	0.417

	66
	0.385
	0.416
	0.418

	67
	0.385
	0.416
	0.417

	68
	0.385
	0.416
	0.416

	69
	0.387
	0.418
	0.419

	70
	0.385
	0.416
	0.416

	71
	0.377
	0.416
	0.416

	72
	0.377
	0.415
	0.415

	73
	0.379
	0.418
	0.418


Chapter three:

 3.1 Minimum case:
 Value of minimum loads in table below:(before improvement) 
	Transformer
	Vnom

(KV)
	Rated 

(KVA)
	Load

(KVA)
	POWER FACTOR
	MOTOR  LOAD
	STATIC  LOAD

	
	
	
	
	
	P(KW)
	Q(KVAR)
	P(KW)
	Q(KVAR)

	

	1
	0.4
	100
	26
	0.79
	12
	10
	8
	6

	2
	0.4
	250
	70
	0.90
	38
	18
	25
	12

	3
	0.4
	100
	30
	0.88
	16
	9
	11
	6

	4
	0.4
	250
	79
	0.93
	45
	18
	30
	12

	5
	0.4
	250
	67
	0.92
	38
	16
	25
	11

	6
	0.4
	250
	79
	0.99
	48
	7
	32
	5

	7
	0.4
	400
	119
	0.92
	26
	28
	44
	19

	8
	0.4
	400
	121
	0.95
	70
	23
	46
	15

	9
	0.4
	250
	59
	0.93
	33
	13
	22
	9

	10
	0.4
	630
	158
	0.93
	89
	35
	60
	24

	11
	0.4
	400
	122
	0.70
	52
	53
	35
	35

	12
	0.4
	400
	110
	0.89
	60
	31
	40
	20

	13
	0.4
	400
	106
	0.90
	58
	28
	39
	19

	14
	0.4
	250
	75
	0.88
	40
	22
	27
	14

	15
	0.4
	250
	69
	0.86
	35
	7
	24
	5

	16
	0.4
	250
	59
	0.98
	25
	14
	17
	9

	17
	0.4
	250
	47
	0.88
	33
	20
	22
	13

	18
	0.4
	250
	63
	0.86
	37
	17
	25
	11

	19
	0.4
	250
	67
	0.91
	38
	21
	25
	14

	20
	0.4
	   250
	71
	0.88
	26
	13
	17
	9

	21
	0.4
	   400
	47
	0.89
	6
	3
	4
	2

	22
	0.4
	   100
	12
	0.88
	32
	27
	21
	18

	23
	0.4
	   250
	69
	0.76
	74
	29
	49
	19

	24
	0.4
	  400
	130
	0.93
	56
	24
	38
	16

	25
	0.4
	  400
	100
	0.92
	78
	16
	52
	11

	26
	0.4
	  400
	130
	0.98
	60
	40
	40
	27

	27
	0.4
	  400
	118
	0.83
	16
	6
	11
	4

	28
	0.4
	  100
	28
	0.94
	8
	3
	5
	2

	29
	0.4
	  50
	14
	0.94
	38
	18
	25
	12

	30
	0.4
	  250
	69
	0.90
	86
	42
	58
	28

	31
	0.4
	  400
	157
	0.90
	8
	3
	5
	2

	32
	0.4
	  50
	14
	0.91
	15
	7
	10
	4

	33
	0.4
	  100
	27
	0.92
	52
	30
	35
	02

	34
	0.4
	  400
	98
	0.87
	60
	29
	40
	20

	35
	0.4
	  250
	110
	0.90
	15
	7
	10
	5

	Transformer
	Vnom

(KV)
	Rated 

(KVA)
	Load

(KVA)
	POWER FACTOR
	MOTOR  LOAD
	STATIC  LOAD

	
	
	
	
	
	P(KW)
	Q(KVAR)
	P(KW)
	Q(KVAR)

	
	
	
	
	
	
	
	
	

	36
	0.4
	100
	27
	0.91
	65
	31
	43
	21

	37
	0.4
	400
	118
	0.90
	13
	6
	9
	4

	38
	0.4
	100
	24
	0.90
	12
	11
	8
	8

	39
	0.4
	100
	27
	0.74
	14
	11
	9
	8

	40
	0.4
	100
	29
	0.78
	63
	29
	42
	19

	41
	0.4
	400
	114
	0.91
	66
	28
	44
	19

	42
	0.4
	160
	47
	0.94
	27
	10
	18
	7

	43
	0.4
	400
	118
	0.96
	69
	20
	46
	13

	44
	0.4
	400
	110
	0.91
	61
	28
	41
	19

	45
	0.4
	160
	44
	0.94
	25
	9
	17
	6

	46
	0.4
	100
	20
	0.94
	11
	4
	8
	3

	47
	0.4
	250
	68
	0.90
	32
	15
	32
	15

	48
	0.4
	160
	39
	0.90
	38
	18
	25
	12

	49
	0.4
	100
	28
	0.88
	22
	10
	14
	7

	50
	0.4
	250
	69
	0.92
	15
	8
	10
	5

	51
	0.4
	250
	69
	0.96
	39
	61
	26
	11

	52
	0.4
	400
	111
	0.90
	40
	12
	27
	8

	53
	0.4
	250
	69
	0.92
	60
	29
	40
	20

	54
	0.4
	630
	170
	0.92
	39
	16
	26
	11

	55
	0.4
	100
	32
	0.94
	95
	40
	63
	27

	56
	0.4
	250
	69
	0.90
	18
	7
	12
	4

	57
	0.4
	160
	40
	0.95
	38
	18
	25
	12

	58
	0.4
	100
	28
	0.94
	23
	7
	15
	5

	59
	0.4
	250
	69
	0.90
	16
	6
	11
	4

	60
	0.4
	250
	69
	0.90
	25
	12
	38
	18

	61
	0.4
	50
	14
	0.88
	38
	18
	25
	21

	62
	0.4
	250
	69
	0.92
	7
	4
	5
	3

	63
	0.4
	100
	25
	0.88
	39
	16
	26
	11

	64
	0.4
	100
	26
	0.90
	13
	7
	9
	5

	65
	0.4
	250
	69
	0.88
	14
	7
	9
	5

	66
	0.4
	250
	69
	0.90
	37
	20
	25
	13

	67
	0.4
	400
	111
	0.90
	38
	18
	25
	12

	68
	0.4
	630
	168
	0.90
	60
	29
	40
	20

	69
	0.4
	630
	81
	0.90
	92
	44
	61
	30

	70
	0.4
	630
	174
	0.90
	44
	21
	30
	14

	71
	0.4
	400
	118
	0.92
	94
	46
	63
	31

	72
	0.4
	250
	69
	0.90
	36
	21
	24
	14

	73
	0.4
	250
	69
	0.89
	200
	37
	25
	13


3.1.1 the medium & low tension voltages

	Transformer

    number
	Medium voltage(rated)

            kv
	Medium voltage(actual)

            kv
	Low voltage(rated)

             kv
	Low voltage(actual)

            kv

	1
	33
	33
	0.4
	0.398

	2
	33
	32.941
	0.4
	0.398

	3
	33
	32.826
	0.4
	0.396

	4
	33
	32.74
	0.4
	0.395

	5
	33
	32.711
	0.4
	0.395

	6
	33
	32.706
	0.4
	0.396

	7
	33
	32.687
	0.4
	0.395

	8
	33
	32.675
	0.4
	0.395

	9
	33
	32.649
	0.4
	0.395

	10
	33
	32.617
	0.4
	0.394

	11
	33
	32.552
	0.4
	0.392

	12
	33
	32.529
	0.4
	0.393

	13
	33
	32.472
	0.4
	0.392

	14
	33
	32.787
	0.4
	0.392

	15
	33
	32.772
	0.4
	0.392

	16
	33
	32.77
	0.4
	0.393

	17
	33
	32.769
	0.4
	0.392

	18
	33
	32.764
	0.4
	0.392

	19
	33
	32.764
	0.4
	0.392

	20
	33
	32.763
	0.4
	0.392

	21
	33
	32.763
	0.4
	0.393

	22
	33
	32.82
	0.4
	0.393

	23
	33
	32.721
	0.4
	0.391

	24
	33
	32.695
	0.4
	0.391

	25
	33
	32.69
	0.4
	0.392

	26
	33
	32.624
	0.4
	0.392

	27
	33
	32.614
	0.4
	0.391

	28
	33
	32.571
	0.4
	0.391

	29
	33
	32.536
	0.4
	0.391

	30
	33
	32.516
	0.4
	0.391

	31
	33
	32.515
	0.4
	0.390

	32
	33
	32.524
	0.4
	0.391

	33
	33
	32.524
	0.4
	0.391

	34
	33
	32.521
	0.4
	0.391

	35
	33
	32.515
	0.4
	0.390

	36
	33
	32.512
	0.4
	0.391

	37
	33
	32.507
	0.4
	0.390

	38
	33
	32.506
	0.4
	0.391

	39
	33
	32.635
	0.4
	0.391

	40
	33
	32.631
	0.4
	0.391

	41
	33
	32.611
	0.4
	0.391

	42
	33
	32.578
	0.4
	0.391

	43
	33
	32.569
	0.4
	0.391

	44
	33
	32.564
	0.4
	0.391

	45
	33
	32.566
	0.4
	0.391

	46
	33
	32.559
	0.4
	0.391

	47
	33
	32.552
	0.4
	0.391

	48
	33
	32.548
	0.4
	0.391

	49
	33
	32.662
	0.4
	0.391

	50
	33
	32.658
	0.4
	0.391

	51
	33
	32.656
	0.4
	0.392

	52
	33
	32.305
	0.4
	0.395

	53
	33
	32.304
	0.4
	0.395

	54
	33
	32.242
	0.4
	0.395

	55
	33
	32.231
	0.4
	0.394

	56
	33
	32.231
	0.4
	0.394

	57
	33
	32.226
	0.4
	0.395

	58
	33
	32.222
	0.4
	0.395

	59
	33
	32.219
	0.4
	0.394

	60
	33
	32.218
	0.4
	0.394

	61
	33
	32.233
	0.4
	0.394

	62
	33
	32.201
	0.4
	0.394

	63
	33
	32.181
	0.4
	0.394

	64
	33
	32.178
	0.4
	0.394

	65
	33
	32.176
	0.4
	0.394

	66
	33
	32.178
	0.4
	0.394

	67
	33
	32.176
	0.4
	0.394

	68
	33
	32.174
	0.4
	0.394

	69
	33
	32.168
	0.4
	0.395

	70
	33
	32.165
	0.4
	0.394

	71
	33
	32.611
	0.4
	0.391

	72
	33
	32.55
	0.4
	0.391

	73
	33
	32.768
	0.4
	0.392


The power factor on some transformers is low and we aim to rise both the power factor more than 0.92 and voltages to reach 100% nearly.
 .

3.1.2 summary

we have to summarize the results, total generation, demand , loading., percentage of losses, and the total power factor.
	
	MW
	Mvar
	MVA
	% PF

	Swing Bus(es):
	4.927
	2.348
	5.457
	90.3 lag

	Generators:
	0.000
	0.000
	0.000
	100.00 lag

	Total Demand:
	4.927
	2.348
	5.457
	90.3 lag

	Total Motor Load:
	2.940
	1.363
	           3.241                              
	90.7 lag

	Total Static Load:
	1.920
	0.890
	
	

	Apparent Losses:
	0.066
	0.094
	
	


The swing current = 95A
3.2 the minimum load improvement 

 The minmum case after improvement using tap:3.2.1 
	Transformer

    number
	     Rated

        kv
	Actual

kv            
	Tap %

	1
	0.4
	0.418
	5

	2
	0.4
	0.418
	5

	3
	0.4
	0.416
	5

	4
	0.4
	0.415
	5

	5
	0.4
	0.415
	5

	6
	0.4
	0.415
	5

	7
	0.4
	0.414
	5

	8
	0.4
	0.414
	5

	9
	0.4
	0.414
	5

	10
	0.4
	0.414
	5

	11
	0.4
	0.411
	5

	12
	0.4
	0.412
	5

	13
	0.4
	0.411
	5

	14
	0.4
	0.411
	5

	15
	0.4
	0.411
	5

	16
	0.4
	0.412
	5

	17
	0.4
	0.412
	5

	18
	0.4
	0.411
	5

	19
	0.4
	0.411
	5

	20
	0.4
	0.411
	5

	21
	0.4
	0.412
	5

	22
	0.4
	0.412
	5

	23
	0.4
	0.410
	5

	24
	0.4
	0.411
	5

	25
	0.4
	0.411
	5

	26
	0.4
	0.411
	5

	27
	0.4
	0.410
	5

	28
	0.4
	0.410
	5

	29
	0.4
	0.410
	5

	30
	0.4
	0.410
	5

	31
	0.4
	0.409
	5

	32
	0.4
	0.410
	5

	33
	0.4
	0.410
	5

	34
	0.4
	0.410
	5

	35
	0.4
	0.409
	5

	36
	0.4
	0.410
	5

	37
	0.4
	0.410
	5

	38
	0.4
	0.410
	5

	39
	0.4
	0.410
	5

	40
	0.4
	0.410
	5

	41
	0.4
	0.410
	5

	42
	0.4
	0.410
	5

	43
	0.4
	0.410
	5

	44
	0.4
	0.410
	5

	45
	0.4
	0.410
	5

	46
	0.4
	0.411
	5

	47
	0.4
	0.410
	5

	48
	0.4
	0.410
	5

	49
	0.4
	0.410
	5

	50
	0.4
	0.411
	5

	51
	0.4
	0.411
	5

	52
	0.4
	0.414
	5

	53
	0.4
	0.414
	5

	54
	0.4
	0.414
	5

	55
	0.4
	0.414
	5

	56
	0.4
	0.414
	5

	57
	0.4
	0.414
	5

	58
	0.4
	0.414
	5

	59
	0.4
	0.414
	5

	60
	0.4
	0.414
	5

	61
	0.4
	0.414
	5

	62
	0.4
	0.414
	5

	63
	0.4
	0.414
	5

	64
	0.4
	0.414
	5

	65
	0.4
	0.413
	5

	66
	0.4
	0.414
	5

	67
	0.4
	0.414
	5

	68
	0.4
	0.414
	5

	69
	0.4
	0.414
	5

	70
	0.4
	0.414
	5

	71
	0.4
	0.410
	5

	72
	0.4
	0.410
	5

	73
	0.4
	0.411
	5


we have to summarize the results, total generation, demand , loading., percentage of losses, and the total power factor.
	
	MW
	Mvar
	MVA
	% PF

	Swing Bus(es):
	5.126
	2.445
	5.679
	90.3 lag

	Generators:
	0.000
	0.000
	0.000
	100.00 lag

	Total Demand:
	5.126
	2.445
	5.679
	90.3 lag

	Total Motor Load:
	2.940
	1.363
	           3.241                              
	90.7 lag

	Total Static Load:
	2.113
	0.980
	
	

	Apparent Losses:
	0.072
	0.102
	
	


The swing current = 99 A

3.2.2 Power factor improvement

Qc  = P(tan cos (p.f old)- tan cos (p.f new))
PF old = 90.3

PF new at least = 92%

Q=11.873 (tan (25.445) – tan(23.074)) = 255 KVAR
The capacitor is added in delta connection parallel to the transformer in secendary side(0.4 kv).

The table below shows the voltage level before and after adding  the capacitance:
	Transformer

    number
	     KVAR

	Voltage before

Add. cap           
	Voltage after

Add. cap           

	1
	
	0.418
	0.418

	2
	
	0.418
	0.418

	3
	
	0.416
	0.416

	4
	
	0.415
	0.415

	5
	
	0.415
	0.415

	6
	
	0.415
	0.415

	7
	
	0.414
	0.414

	8
	
	0.414
	0.414

	9
	
	0.414
	0.414

	10
	
	0.414
	0.414

	11
	
	0.411
	0.411

	12
	
	0.412
	0.412

	13
	
	0.411
	0.411

	14
	
	0.411
	0.411

	15
	
	0.411
	0.411

	16
	
	0.412
	0.412

	17
	
	0.412
	0.412

	18
	
	0.411
	0.411

	19
	
	0.411
	0.411

	20
	15
	0.411
	0.412

	21
	15
	0.412
	0.413

	22
	
	0.412
	0.412

	23
	30
	0.410
	0.412

	24
	
	0.411
	0.411

	25
	
	0.411
	0.411

	26
	
	0.411
	0.411

	27
	
	0.410
	0.410

	28
	
	0.410
	0.410

	29
	
	0.410
	0.410

	30
	
	0.410
	0.410

	31
	
	0.409
	0.409

	32
	
	0.410
	0.410

	33
	
	0.410
	0.410

	34
	15
	0.410
	0.410

	35
	15
	0.409
	0.410

	36
	
	0.410
	0.410

	37
	
	0.410
	0.410

	38
	
	0.410
	0.410

	39
	
	0.410
	0.410

	40
	
	0.410
	0.410

	41
	
	0.410
	0.410

	42
	
	0.410
	0.410

	43
	
	0.410
	0.410

	44
	
	0.410
	0.410

	45
	
	0.410
	0.410

	46
	
	0.411
	0.411

	47
	
	0.410
	0.410

	48
	
	0.410
	0.410

	49
	
	0.410
	0.410

	50
	
	0.411
	0.411

	51
	
	0.411
	0.411

	52
	
	0.414
	0.414

	53
	
	0.414
	0.414

	54
	
	0.414
	0.414

	55
	
	0.414
	0.414

	56
	
	0.414
	0.414

	57
	
	0.414
	0.414

	58
	
	0.414
	0.414

	59
	
	0.414
	0.414

	60
	
	0.414
	0.414

	61
	
	0.414
	0.414

	62
	
	0.414
	0.414

	63
	
	0.414
	0.414

	64
	
	0.414
	0.414

	65
	25
	0.413
	0.415

	66
	15
	0.414
	0.414

	67
	20
	0.414
	0.414

	68
	30
	0.414
	0.414

	69
	20
	0.414
	0.415

	70
	30
	0.414
	0.415

	71
	
	0.410
	0.410

	72
	
	0.410
	0.410

	73
	20
	0.411
	0.412


Total capacitors = 250 kvar
we have to summarize the results, total generation, demand , loading., percentage of losses, and the total power factor.
	
	MW
	Mvar
	MVA
	% PF

	Swing Bus(es):
	5.126
	2.177
	5.569
	92.0 lag

	Generators:
	0.000
	0.000
	0.000
	100.00 lag

	Total Demand:
	5.126
	2.177
	5.569
	92.0 lag

	Total Motor Load:
	2.940
	1.363
	           3.241                              
	90.7 lag

	Total Static Load:
	2.117
	0.715
	
	

	Apparent Losses:
	0.069
	0.098
	
	


The swing current = 97 A
We note:

when we increase power factor the losses in the network decrease and the total current decrease .

Losses before p.f improvement = 0.072 Mw .  

 Losses after p.f improvement = 0.069 Mw .

Total current in origin case = 99 A

Total current after PF  improvement= 97 A
3.2.3 comparison between three case

1.   the origin case .
2.   power factor improvement  case .   

3.   improvement  using tap changing.
	Transformer

number
	Voltage

Orginal

case 

	Voltage

Improve

By tap  


	Pf improvement

case..

	1
	0.398
	0.418
	0.418

	2
	0.398
	0.418
	0.418

	3
	0.396
	0.416
	0.416

	4
	0.395
	0.415
	0.415

	5
	0.395
	0.415
	0.415

	6
	0.396
	0.415
	0.415

	7
	0.395
	0.414
	0.414

	8
	0.395
	0.414
	0.414

	9
	0.395
	0.414
	0.414

	10
	0.394
	0.414
	0.414

	11
	0.392
	0.411
	0.411

	12
	0.393
	0.412
	0.412

	13
	0.392
	0.411
	0.411

	14
	0.392
	0.411
	0.411

	15
	0.392
	0.411
	0.411

	16
	0.393
	0.412
	0.412

	17
	0.392
	0.412
	0.412

	18
	0.392
	0.411
	0.411

	19
	0.392
	0.411
	0.411

	20
	0.392
	0.411
	0.412

	21
	0.393
	0.412
	0.413

	22
	0.393
	0.412
	0.412

	23
	0.391
	0.410
	0.412

	24
	0.391
	0.411
	0.411

	25
	0.392
	0.411
	0.411

	26
	0.392
	0.411
	0.411

	27
	0.391
	0.410
	0.410

	28
	0.391
	0.410
	0.410

	29
	0.391
	0.410
	0.410

	30
	0.391
	0.410
	0.410

	31
	0.390
	0.409
	0.409

	32
	0.391
	0.410
	0.410

	33
	0.391
	0.410
	0.410

	34
	0.391
	0.410
	0.410

	35
	0.390
	0.409
	0.410

	36
	0.391
	0.410
	0.410

	37
	0.390
	0.410
	0.410

	38
	0.391
	0.410
	0.410

	39
	0.391
	0.410
	0.410

	40
	0.391
	0.410
	0.410

	41
	0.391
	0.410
	0.410

	42
	0.391
	0.410
	0.410

	43
	0.391
	0.410
	0.410

	44
	0.391
	0.410
	0.410

	45
	0.391
	0.410
	0.410

	46
	0.391
	0.411
	0.411

	47
	0.391
	0.410
	0.410

	48
	0.391
	0.410
	0.410

	49
	0.391
	0.410
	0.410

	50
	0.391
	0.411
	0.411

	51
	0.392
	0.411
	0.411

	52
	0.395
	0.414
	0.414

	53
	0.395
	0.414
	0.414

	54
	0.395
	0.414
	0.414

	55
	0.394
	0.414
	0.414

	56
	0.394
	0.414
	0.414

	57
	0.395
	0.414
	0.414

	58
	0.395
	0.414
	0.414

	59
	0.394
	0.414
	0.414

	60
	0.394
	0.414
	0.414

	61
	0.394
	0.414
	0.414

	62
	0.394
	0.414
	0.414

	63
	0.394
	0.414
	0.414

	64
	0.394
	0.414
	0.414

	65
	0.394
	0.413
	0.415

	66
	0.394
	0.414
	0.414

	67
	0.394
	0.414
	0.414

	68
	0.394
	0.414
	0.414

	69
	0.395
	0.414
	0.415

	70
	0.394
	0.414
	0.415

	71
	0.391
	0.410
	0.410

	72
	0.391
	0.410
	0.410

	73
	0.392
	0.411
	0.412


3.2.4 voltage level improvement using capacitors:
	Transformer

    number
	 voltage(rated)

            kv
	Q(KVAR)
	voltage(actual)

        before

add. capacitors
	voltage(rated)

        after

add. capacitors
	Pf

before
	Pf

after

	1
	0.4
	10
	0.398
	0.399
	79
	96

	2
	0.4
	20
	0.398
	0.399
	90
	98

	3
	0.4
	10
	0.396
	0.397
	88
	98

	4
	0.4
	
	0.395
	
	93
	

	5
	0.4
	
	0.395
	
	92
	

	6
	0.4
	
	0.396
	
	99
	

	7
	0.4
	
	0.395
	
	92
	

	8
	0.4
	
	0.395
	
	95
	

	9
	0.4
	
	0.395
	
	93
	

	10
	0.4
	
	0.394
	
	93
	

	11
	0.4
	80
	0.392
	0.394
	70
	99

	12
	0.4
	30
	0.393
	0.394
	89
	97

	13
	0.4
	30
	0.392
	0.393
	90
	98

	14
	0.4
	30
	0.392
	0.393
	88
	99

	15
	0.4
	30
	0.392
	0.393
	86
	99

	16
	0.4
	
	0.393
	
	98
	

	17
	0.4
	15
	0.392
	0.393
	88
	98

	18
	0.4
	20
	0.392
	0.393
	86
	97

	19
	0.4
	20
	0.392
	0.393
	91
	99

	20
	0.4
	20
	0.392
	0.393
	88
	97

	21
	0.4
	15
	0.393
	0.393
	89
	98

	22
	0.4
	
	0.393
	
	88
	

	23
	0.4
	30
	0.391
	0.393
	76
	96

	24
	0.4
	
	0.391
	
	93
	

	25
	0.4
	
	0.392
	
	92
	

	26
	0.4
	
	0.392
	
	98
	

	27
	0.4
	40
	0.391
	0.392
	83
	96

	28
	0.4
	
	0.391
	
	94
	

	29
	0.4
	
	0.391
	
	94
	

	30
	0.4
	20
	0.391
	0.392
	90
	98

	31
	0.4
	20
	0.390
	0.391
	90
	94

	32
	0.4
	
	0.391
	
	91
	

	33
	0.4
	
	0.391
	
	92
	

	34
	0.4
	30
	0.391
	0.392
	87
	97

	35
	0.4
	30
	0.390
	0.391
	90
	98

	36
	0.4
	10
	0.391
	0.392
	91
	99

	37
	0.4
	20
	0.390
	0.392
	90
	96

	38
	0.4
	10
	0.391
	0.392
	90
	99

	39
	0.4
	15
	0.391
	0.393
	74
	98

	40
	0.4
	15
	0.391
	0.393
	78
	98

	41
	0.4
	15
	0.391
	0.392
	91
	95

	42
	0.4
	
	0.391
	
	94
	

	43
	0.4
	
	0.391
	
	96
	

	44
	0.4
	30
	0.391
	0.392
	91
	98

	45
	0.4
	
	0.391
	
	94
	

	46
	0.4
	
	0.391
	
	94
	

	47
	0.4
	15
	0.391
	0.392
	90
	96

	48
	0.4
	15
	0.391
	0.393
	90
	99

	49
	0.4
	10
	0.391
	0.393
	88
	99

	50
	0.4
	15
	0.391
	0.393
	92
	98

	51
	0.4
	
	0.392
	
	96
	

	52
	0.4
	15
	0.395
	0.396
	90
	95

	53
	0.4
	15
	0.395
	0.396
	92
	98

	54
	0.4
	15
	0.395
	0.395
	92
	95

	55
	0.4
	
	0.394
	
	94
	

	56
	0.4
	15
	0.394
	0.395
	90
	97

	57
	0.4
	
	0.395
	
	95
	

	58
	0.4
	
	0.395
	
	94
	

	59
	0.4
	20
	0.394
	0.395
	90
	98

	60
	0.4
	20
	0.394
	0.395
	90
	98

	61
	0.4
	
	0.394
	
	88
	

	62
	0.4
	
	0.394
	
	92
	

	63
	0.4
	10
	0.394
	0.396
	88
	99

	64
	0.4
	10
	0.394
	0.396
	90
	99

	65
	0.4
	20
	0.394
	0.395
	88
	97

	66
	0.4
	20
	0.394
	0.395
	90
	98

	67
	0.4
	30
	0.394
	0.395
	90
	98

	68
	0.4
	50
	0.394
	0.395
	90
	98

	69
	0.4
	30
	0.395
	0.396
	90
	99

	70
	0.4
	50
	0.394
	0.395
	90
	98

	71
	0.4
	15
	0.391
	0.392
	92
	95

	72
	0.4
	20
	0.391
	0.392
	90
	98

	73
	0.4
	20
	0.392
	0.393
	89
	98


The result of basic information of the network after adding capacitance:

	
	MW
	Mvar
	MVA
	% PF

	Swing Bus(es):
	4.931
	1.328
	5.106
	96.6 lag

	Generators:
	0.000
	0.000
	0.000
	100.00 lag

	Total Demand:
	4.931
	1.328
	5.106
	96.6 lag

	Total Motor Load:
	2.940
	1.363
	            3.241
	90.7 lag

	Total Static Load:
	1.932  
	0.069
	
	

	Apparent Losses:
	0.058
	0.082
	
	


Chapter four:
Two connection point
SUMMARY OF TOTAL GENERATION, LOADING & DEMAND
	
	MW
	Mvar
	MVA
	% PF

	Swing Bus(es):
	2.299
	2.166
	3.158
	72.8lag

	Generators:
	10.00
	4.300
	10.885
	91.9 lag

	Total Demand:
	2.299
	6.466
	13.895
	88.5lag

	Total Motor Load:
	4.932
	2.288  
	             5.437
	90.7 lag

	Total Static Load:
	6.980   
	3.231
	
	

	Apparent Losses:
	0.387
	0.947
	
	


Comparison between two case
1.one connection point

2.two connection point

	Transformer

    number
	Rated voltage

        (KV)     
                                 
	Actual voltag with

One connection point          
	Actual voltag with

two connection point



	1
	0.4
	0.386
	0.386

	2
	0.4
	0.386
	0.387

	3
	0.4
	0.381
	0.385

	4
	0.4
	0.380
	0.386

	5
	0.4
	0.380
	0.387

	6
	0.4
	0.383
	0.390

	7
	0.4
	0.378
	0.386

	8
	0.4
	0.379
	0.387

	9
	0.4
	0.380
	0.389

	10
	0.4
	0.379
	0.389

	11
	0.4
	0.368
	0.381

	12
	0.4
	0.373
	0.387

	13
	0.4
	0.372
	0.388

	14
	0.4
	0.370
	0.385

	15
	0.4
	0.370
	0.386

	16
	0.4
	0.377
	0.392

	17
	0.4
	0.375
	0.390

	18
	0.4
	0.371
	0.387

	19
	0.4
	0.372
	0.387

	20
	0.4
	0.370
	0.386

	21
	0.4
	0.378
	0.394

	22
	0.4
	0.379
	0.395

	23
	0.4
	0.367
	0.385

	24
	0.4
	0.370
	0.389

	25
	0.4
	0.372
	0.391

	26
	0.4
	0.373
	0.395

	27
	0.4
	0.366
	0.390

	28
	0.4
	0.371
	0.398

	29
	0.4
	0.370
	0.4

	30
	0.4
	0.368
	0.401

	31
	0.4
	0.363
	0.396

	32
	0.4
	0.369
	0.399

	33
	0.4
	0.369
	0.4

	34
	0.4
	0.369
	0.399

	35
	0.4
	0.366
	0.399

	36
	0.4
	0.369
	0.391

	37
	0.4
	0.368
	0.399

	38
	0.4
	0.380
	0.398

	39
	0.4
	0.366
	0.4

	40
	0.4
	0.365
	0.385

	41
	0.4
	0.369
	0.384

	42
	0.4
	0.370
	0.388

	43
	0.4
	0.371
	0.389

	44
	0.4
	0.369
	0.390

	45
	0.4
	0.371
	0.388

	46
	0.4
	0.374
	0.389

	47
	0.4
	0.369
	0.392

	48
	0.4
	0.370
	0.388

	49
	0.4
	0.370
	0.389

	50
	0.4
	0.371
	0.388

	51
	0.4
	0.373
	0.390

	52
	0.4
	0.379
	0.392

	53
	0.4
	0.379
	0.385

	54
	0.4
	0.379
	0.386

	55
	0.4
	0.378
	0.386

	56
	0.4
	0.378
	0.385

	57
	0.4
	0.381
	0.384

	58
	0.4
	0.379
	0.388

	59
	0.4
	0.378
	0.386

	60
	0.4
	0.378
	0.384

	61
	0.4
	0.377
	0.384

	62
	0.4
	0.378
	0.384

	63
	0.4
	0.378
	0.385

	64
	0.4
	0.378
	0.385

	65
	0.4
	0.376
	0.385

	66
	0.4
	0.377
	0.383

	67
	0.4
	0.377
	0.384

	68
	0.4
	0.377
	0.384

	69
	0.4
	0.383
	0.384

	70
	0.4
	0.377
	0.390

	71
	0.4
	0.369
	0.384

	72
	0.4
	0.369
	0.388

	73
	0.4
	0.371
	0.388


We notes
Losses before = 0.421 MW

Losses after =0.387 MW
Chapter five:

Economical Study

_Pmax=13.215 mw

_Pmin=5.126mw

_Losses before improvement =0.485mw

_Losses after improvement =0.46mw

_(Pf )before improvement in max. case=0.895

_(Pf) before imrovement in min. case=0.905

_(Pf) after improvement=0.92

To find the economical operation of the network we must do the the following calculation:

Pav=(Pmax+Pmin)/2=(13.215+5.126)/2=9.1705mw

LF=Pav/Pmax=0.7

Total energy per year=Pmax*LF*total hour per year

                                       =13.215*0.7*8760=80333.58*10^3 KWH

Total cost per year=total energy*cost(NIS/KWH)

                                  =80333.58*10^3*0.33=26510.08*10^3NIS/YEAR

Saving in penalites of( PF): Table below show relation of PF to the penalties :


	PF 
	Penalties

	0.92 or more
	No penalties 

	Less than 0.92 to 0.8 
	1%of the total bill for every 0.01 of PF less than 0.92

	Less than 0.8 to 0.7
	1.25%of the total bill for every 0.01 of PF less than 0.92

	Less than 0.7
	1.5%of the total bill for every 0.01 of PF less than 0.92


Penalites=0.01*(0.92-pf)*total bill
                 =0.01*0.02*26510.08*10^3=5300 NIS/YEAR

Cost of losses:

Losses before improvement=0.485*0.7=339.5kw

Energy=339.5*8760=2974.02*10^3 kwh

Total cost=2974.02*10^3*0.33=981426 NIS/YEAR

Losses after improvement=460*0.7=322kw

Energy=2820.72kwh

Cost of losses=2820.72*0.33=930837NIS/YEAR

Saving in cost of losses=cost beforeimprovement-cost after improvement

                                          =50859 NIS/YEAR

Total capacitor =957kvar

(Cost per KVAR)with control circuit=15 JD=75NIS

Total cost of capacitors=957*75=71775NIS

Total saving=saving in penalites+ saving in losses

                      =5300+50589=55889

S.P.B.P=(investment)/(saving)

             =71775/55889=1.28 YEAR.


