Chapter One :  Palestine Network 
1.1  Electricity status in Palestine:

Due to the Israeli occupation Palestine has not yet a unified power system; the existing networks are local low voltage distribution networks. 

The main supply for electrical distribution networks in the West Bank and Gaza is the Israeli Electrical Company (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 results of the survey indicated that 99.6%of households in the Palestinian Territory were connected to the public electricity network in April 2008 , where this percentage was 99.3% during April 2006, and was 97.2% during July 2005, while it was 97.2% during the same month1999 .  0.3% have no electricity services, 0.1% of the households have their own generators.

From the results of the survey, it is noted that south of the West Bank has the lowest percentage of households connected to electricity network (99.0%). The situation is different in Gaza Strip which has 99.6% of the households connected to electricity network during April 2006.
1.2  Purchases of Electrical Energy

 Due to the Palestinian Central Bureau of Statistics during 2008 , total electrical energy purchases in the Palestinian Territory reached 3,441,700 MWh; 2,331,110 MWh in the West Bank and 1,110,590 MWh in Gaza Strip(765,290 MWh imported from Israel and 345,300 MWh produced by Gaza Power Plant).

1.3 Household Consumption of electricity
The results of the survey indicated that the average household electricity consumption (from the households that used electricity) in the Palestinian Territory during April2008 was 282 KWh.

While during April2006 was 211 KWh, where this average was 380.1 KWh during July 2005, and it was 380.1KWh during the same month 1999. This average ranged by region and type of locality in April 2008, it reached 367 KWh in the Middle of the West Bank and didn’t exceed 217 KWh in the North of West Bank. This average was about 293 KWh in urban localities and 205 KWh in rural localities, and 357 KWh in refugee camps.

And the average per capita electricity consumption in the Palestinian Territory during April 2008 was 48.6 KWh.

While during April 2006 was 39.7 KWh.

1.4 Electrical Sources and Network 
problems

There are many problems that the consumer face it in the network.

The level of electrical services provided by the IEC is inadequate, which constitutes a handicap for the industrial sector, high economic losses, and an obstacle for the development of the country. With an electricity consumption level of 583 kWh/person (1999), the lowest consumption level in the region , the Palestinian Territories barely manage to satisfy their electric needs, whereas in Israel electricity consumption exceeds 6000 kWh/person. 
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This gap can be mainly explained by an inadequate electricity

Infra structure, high transmission losses (25%) and high electricity prices.

Palestinian electricity consumption appears to be inelastic. However, the Palestinian electricity sector shows a high vulnerability to political shocks. The influence of conflict on

the electricity sector goes beyond direct destruction. It results in a modification of the

trajectory of electricity consumption, a deceleration in the growth rate, and the retardation of a “healthy” recovery.

Electricity problems and priorities can be summarized as follows:

The lack of investment and public expenditure, high prices, and high transmission losses constitute fundamental problems for the electricity sector. The quality of the electrical services is inadequate and below standard.
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Another problem that the Israeli Electricity Corporation (IEC) imposes the municipalities and large consumer in Palestine to pay penalties if they cause a power factor less than 0.92 . The Jerusalem Electricity company (JEDCO) is the only company that imposes the three phase industrial consumers with PF penalties if their PF is less than 0.92 . On other hand , several municipalities in the West Bank and Gaza strip are in the process of imposing power factor penalties on industrial customers with low 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


1.5 Energy consumption in different sector    in Palestine

Electricity utilization is considered essential not only for the industrial and residential sectors, but also for water pumping and street lights. Data from the Palestinian Energy Authority for

electricity consumption indicates that the residential sector consumes (50 – 60)% of the total electricity against (12 – 14) % for the commercial sector and (10 – 12)% for industrial sector . Electricity consumption for both water pumping and street lights is 15% , (3 – 4)% respectively .

It can be shown as a table below:

	Type of sector 
	Percentage 

	Residential sector
	 (50 – 60)%

	Industrial sector
	(12 – 14) %

	Commercial sector
	(10 – 12)%

	Water pumping 
	15%

	Street lighting 
	(3 – 4)%


Chapter two : Jericho Network
2.1 Introduction to Jericho Network  

Jericho electrical distribution network is fed from one connection point by the Jordan Electrical Company, at 33kv
The development of electrical energy purchased from JEC. and  growth rate are : 

	Year
	Annual Purchased M.W.H
	Growth Rate
%

	2003
	34727.4
	0

	2004
	34727.4
	0

	2005
	37273.8
	7.3

	2006
	39264.8
	5.34

	2007
	44708.0
	13.86

	2008
	50830.96
	13.7



The energy consumed is distributed into different types  : 
	Type of load
	Consumption

	Residential 
	45 %

	Industrial 
	25  %

	HOTEL
	10  %

	Military consumption
	20%


The change of losses in the electrical distribution network as shown in the  table  :
	Year
	∆p %

	2004
	12 %

	2005
	9 %

	2007
	7 %

	2008
	6 %


But in 2009 it decreases to reach about  5  %  for max case in summer .because using conditioning .
 2.2 Elements Of The Network
1. Electrical Supply: 

One connection point  with tow feeder  at 33 kV from AL_swaimah Station In Jordan.

The peak power consumption is 15 MW 
2. Medium voltage lines (Transmission line) :
There are two type of conductor :  

a) The Over Head Lines :
The Over Head Lines used in the network are  33KV , 11KV ACSR (Aluminum conductor steel reinforced )

With three cross sectional areas ( 50mm2 , 95mm2and 120mm2 XLPE  called Rabbit) 

b) Under ground cables : 

  Under ground cables used in the network are

33KV ,11 KV    1*(3*120), 1*(3*150) ACSR
The resistance / km and reactance / km  and max current for all T.L ( Over head  lines and under ground cables ) as shown :

	Type of T.L
	Resistance

Ohms/Km
	Reactance

Ohms/Km
	Max current capacity (A)

	O.H.L Rabbit
50 mm2
	0.543
	0.333
	174

	O.H.L Dog
95 mm2
	0.301
	0.332
	250

	UGC Al 
95 mm2
	0.41
	0.121
	250

	UGC Cu
120 mm2
	0.196
	0.117
	360

	UGC Cu

150 mm2
	0.159
	0.114
	410


3. Distribution Transformers :
Number of distribution transformers in  Jericho  network are 87 transformer .

All transformer   33KV / 0.4KV and 11KV/0.4KV  Δ-Υ connected , distribution transformers with deferent  ratings as shown  in the table and the rating of this transformer 630 ,500 , 400 , 250 KVA 

	Transformer Ratings  KVA 
	No. of  Transformers

	1000
	3

	630
	13

	500
	11

	400
	18

	160
	19

	100
	22


2.3   Problems  in Jericho   network : 
1. the main T.L coming from the connection point is  Rabbit ( 120mm2  ) did not have the capability to hold the over current resulting in cutting off the supply on the maximum load condition , because total current pass from this line equal 344 A but max capacity current of this line is 174 A. 

2.   Bad distribution of the loads on the existing Transformers which cause a poor load factor , because there are some transformers work at max load factor more than 100 % and some transformers work with load factor less than 60 % . 
Note that the transformer work with max efficiency when load factor between ( 65-75 ) %. 
Solution: change the configuration of some branches and transformers  .
3. One connection point and this lead to make the performance of the  network  weak .

( no reliability in network  )
Solution: it is very important to get another connection point to supply the city .

4. High drop voltage : this effect on the losses in the network and this drop voltage accurse in summer   

5. Solution: use capacitor banks ( fixed or variable ) 
 Chapter three : Load Flow Analysis
3.1 Load flow study : 

In power engineering, the power flow study (also known as load-flow study) is an important tool involving numerical analysis applied to a power system. Unlike traditional circuit analysis, a power flow study usually uses simplified notation such as a one-line diagram and per-unit system, and focuses on various forms of AC power (ie: reactive, real, and apparent) rather than voltage and current. It analyses the power systems in normal steady-state operation. There exist a number of software implementations of power flow studies.

In addition to a power flow study itself, sometimes called the base case, many software implementations perform other types of analysis, such as short-circuit fault analysis and economic analysis. In particular, some programs use linear programming to find the optimal power flow, the conditions which give the lowest cost per kilowatt generated.

The great importance of power flow or load-flow studies is in the planning the future expansion of power systems as well as in determining the best operation of existing systems. The principal information obtained from the power flow study is the magnitude and phase angle of the voltage at each bus and the real and reactive power flowing in each line.

In our project we use the ETAP software to analyze Jericho network .

3.2 ETAP Power Station Program:
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With ETAP’s advanced Load Flow module, you can create and validate your system model with ease and obtain accurate and reliable results. Built-in features like automatic device evaluation, summary alarms / warnings, result analyzer, and intelligent graphics make it the most efficient Load Flow program available today.

ETAP calculates bus voltages, branch power factors, currents, and power flows throughout the electrical system. ETAP allows for swing, voltage regulated, and unregulated power sources with multiple power grids and generator connections. It is capable of performing analysis on both radial and loop systems. ETAP allows you to select from several different methods in order to achieve the best calculation efficiency and accuracy.

]

Features of ETAP:

· Newton-Raphson , fast decoupled, & accelerated 
Gauss Seidel 

· Generator governors with isochronous or droop mode 

· Generator exciters with AVR or Mvar / PF controllers 

· Transformer load tap changers (LTC / regulators) 

· Advanced solution techniques for fast convergence

· Multiple loading conditions 

· Multiple generation conditions 

· Swing, voltage regulated, & unregulated power sources 

· Voltage drop calculations 

· Load forecasting 

· Alert view to display critical & marginal limit violations 

· Bus / transformer / cable overload warning 

· Single-phase load flow display 

· Global & individual bus diversity factors 

· Individual demand factors for continuous, intermittent, 
& spare operating conditions

· Option to update the initial condition from load flow solutions 

· Phase-shifting transformer 

· Power factor correction 

· Multi-report result analyzer 

· 10,000+ bus capability 

3.3 In this semester we do the following steps:
Step1(: collection of data which consist of :

· Actual loads on transformer and power factor .

· Impedances of transmission lines ( R, X) .

· Draw the line diagram from map  

Step2: Plotting the one line diagram in ETAP .

Step 3: Analysis and study of the MAX. case

Table of transformers’ loading
	Transformer
	S RATED

KVA


	S ACTUAL

KVA


	LF

%

	1
	250
	210
	84

	2
	160
	110
	68.75

	3
	250
	225
	90

	4
	400
	360
	90

	5
	100
	90
	90

	6
	100
	85
	85

	7
	500
	420
	84

	8
	250
	210
	84

	9
	250
	210
	84

	10
	400
	360
	90

	11
	250
	220
	88

	12
	500
	430
	86

	13
	500
	490
	98

	14
	630
	550
	87.3

	15
	250
	223
	89.2

	16
	160
	154
	96.25

	17
	100
	93
	93

	18
	100
	90
	90

	19
	100
	88
	88

	20
	630
	560
	88.8

	21
	400
	370
	92.5

	22
	160
	154
	96.25

	23
	250
	230
	92

	24
	100
	87
	87

	25
	160
	133
	83.12

	26
	160
	140
	87.5

	27
	160
	143
	89.37

	28
	630
	540
	85.7

	29
	250
	230
	92

	30
	500
	460
	92

	31
	400
	370
	92.5

	32
	250
	244
	97.6

	33
	100
	76
	76

	34
	250
	188
	75.2

	35
	250
	190
	76

	36
	400
	350
	87.5

	37
	160
	120
	75

	38
	100
	76
	76

	39
	630
	532
	84.4

	40
	100
	93
	93

	41
	630
	522
	82.8

	42
	250
	210
	84

	43
	160
	142
	88.75

	44
	250
	189
	75.6

	45
	100
	92
	92

	46
	400
	362
	90.5

	47
	100
	75
	75

	48
	250
	210
	84

	49
	250
	202
	80.8

	50
	630
	600
	95.2

	51
	630
	580
	92.06

	52
	100
	92
	92

	53
	250
	220
	88

	54
	.400
	350
	87.5

	55
	400
	360
	90

	56
	400
	380
	95

	57
	400
	320
	80

	58
	400
	380
	95

	59
	400
	320
	80

	60
	400
	360
	90

	61
	630
	530
	84.12

	62
	400
	330
	82.5

	63
	250
	210
	84

	64
	100
	92
	92

	65
	160
	120
	75

	66
	100
	82
	82

	67
	250
	208
	83.2

	68
	100
	93
	93

	69
	160
	109
	68.125

	70
	250
	210
	84

	71
	250
	208
	83.2

	72
	250
	240
	96

	73
	100
	77
	77

	74
	630
	507
	80.4

	75
	500
	410
	82

	76
	250
	203
	81.2

	77
	250
	188
	75.2

	78
	250
	172
	68.8

	79
	400
	320
	80

	80
	400
	350
	87.5

	81
	250
	208
	83.2

	82
	400
	280
	70

	83
	250
	192
	76.8

	84
	1000
	920
	92

	85
	1000
	880
	88

	86
	1000
	900
	90

	87
	160
	95
	59.37


SUMMARY OF TOTAL GENERATION, LOADING & DEMAND

            MW           Mvar            MVA                  % PF 

                                     =========     =========     =========     ==============
Swing Bus(es):          11.273         9.415              14.687                     76.8  Lagging
Generators:                0.000               0.000                0.000              100.0  Lagging
Total Demand:         11.273         9.415              14.687                     76.8  Lagging

                                     ---------     ---------     ---------     --------------
Total Motor Load :                     3.779          2.342           4.446                       85.0  Lagging  

Total Static Load:         6.655         3.026
Apparent Losses:            0.838         4.047
Total current  257 A .

From the result we can notice that :
· P = 11.273  MW  and  ∆p = 0.838 MW

Then ∆p % = 0.838 \ 11.273 =  5 %
There are problems in network as shown in the  Jericho :
network problems , such as the drop voltages in the network which effect on the P.F and on losses .
· Problem in load factor as shown in the above .
We put all result data on the appendix.
3.4  Future Study   : 
1. Improvement the max . case ( improve V, P.F, decrease losses )  by :
· Raise the swing bus about 5 % ( 33 KV to 34.65 KV ) .

· Using capacitor banks (fixed and variable ) .

2. Study the min . case and fault case and  their       improvement.

3. Tow  connection points :
· Without ring .

· With ring .

4. Switch gear case .
5. Economical study. 

Chapter FOUR : Analysis of maximum case
Before improvement (original case)  4.1
SUMMARY OF TOTAL GENERATION, LOADING & DEMAND

            MW           Mvar            MVA                  % PF 

                                     =========     =========     =========     ==============
Swing Bus(es):          12.7         7.36              14.687                     86.8  Lagging

Generators:                0.000               0.000                0.000              100.0  Lagging
Total Demand:         12.7         7.36              14.687                     86.8  Lagging
                                     ---------     ---------     ---------     --------------
	Bus
#
	Voltage

nom
	Voltage
act
	P
MW
	Q
MVar
	PF
%

	2
	0.400 
	0.391
	0.18
	0.11
	0.861

	5
	0.400 
	0.385
	0.33
	0.19
	0.867

	6
	0.400 
	0.383
	0.20
	0.12
	0.863

	7
	0.400 
	0.384
	0.14
	0.08
	0.87

	8
	0.400 
	0.386
	0.14
	0.08
	0.875

	9
	0.400 
	0.384
	0.16
	0.09
	0.882

	10
	0.400 
	0.384
	0.21
	0.11
	0.89

	13
	0.400 
	0.385
	0.16
	0.08
	0.9

	15
	0.400 
	0.385
	0.20
	0.12
	0.862

	18
	0.400 
	0.375
	0.29
	0.17
	0.865

	19
	0.400 
	0.384
	0.24
	0.13
	0.881

	20
	0.400 
	0.382
	0.56
	0.27
	0.902

	22
	0.400 
	0.382
	0.17
	0.08
	0.911

	24
	0.400 
	0.380
	0.43
	0.27
	0.851

	25
	0.400 
	0.384
	0.10
	0.06
	0.861

	28
	0.400 
	0.385
	0.13
	0.07
	0.891

	31
	0.400 
	0.385
	0.09
	0.05
	0.889

	32
	0.400 
	0.378
	0.21
	0.13
	0.851

	33
	0.400 
	0.379
	0.19
	0.12
	0.857

	36
	0.400 
	0.386
	0.13
	0.08
	0.855

	38
	0.400 
	0.386
	0.23
	0.12
	0.891

	40
	0.400 
	0.385
	0.10
	0.05
	0.91

	41
	0.400 
	0.386
	0.07
	0.04
	0.875

	42
	0.400 
	0.384
	0.18
	0.1
	0.872

	48
	0.400 
	0.381
	0.32
	0.19
	0.864

	52
	0.400 
	0.381
	0.30
	0.14
	0.908

	59
	0.400 
	0.382
	0.25
	0.12
	0.905

	62
	0.400 
	0.381
	0.18
	0.09
	0.896

	63
	0.400 
	0.373
	0.29
	0.15
	0.888

	65
	0.400 
	0.372
	0.29
	0.16
	0.876

	70
	0.400 
	0.382
	0.16
	0.1
	0.854

	72
	0.400 
	0.379
	0.22
	0.13
	0.867

	73
	0.400 
	0.379
	0.10
	0.05
	0.892

	74
	0.400 
	0.378
	0.23
	0.1
	0.916

	81
	0.400 
	0.379
	0.20
	0.09
	0.912

	82
	0.400 
	0.381
	0.12
	0.06
	0.899

	83
	0.400 
	0.379
	0.19
	0.09
	0.905

	85
	0.400 
	0.377
	0.17
	0.1
	0.861

	92
	0.400 
	0.379
	0.13
	0.08
	0.861

	95
	0.400 
	0.380
	0.12
	0.07
	0.866

	96
	0.400 
	0.380
	0.20
	0.11
	0.875

	101
	0.400 
	0.381
	0.20
	0.12
	0.862

	105
	0.400 
	0.380
	0.16
	0.09
	0.874

	108
	0.400 
	0.382
	0.29
	0.15
	0.891

	110
	0.400 
	0.379
	0.18
	0.11
	0.854



Raise the swing voltage from 33 kV to 34.65kV 4.2
SUMMARY OF TOTAL GENERATION, LOADING & DEMAND

            MW           Mvar            MVA                  % PF 

                                     =========     =========     =========     ==============
Swing Bus(es):          14.6        8.415             16.87                     86.7 Lagging

Generators:                0.000               0.000                0.000              100.0  Lagging
Total Demand:        14.6        8.415              16.87                     86.7 Lagging

                                     ---------     ---------     ---------     -----------

	Bus
#
	Voltage

nom
	Voltage
act
	P
MW
	Q
MVar
	PF
%

	2
	0.400 
	0.412 
	4.9
	0.12 
	0.861

	5
	0.400 
	0.406 
	2.73
	0.21 
	0.867

	6
	0.400 
	0.403 
	4.5
	0.13 
	0.863

	7
	0.400 
	0.408 
	6.29
	0.09 
	0.87

	8
	0.400 
	0.405 
	6.14
	0.09 
	0.875

	9
	0.400 
	0.405 
	5.34
	0.10 
	0.882

	10
	0.400 
	0.407 
	4.26
	0.12 
	0.89

	13
	0.400 
	0.405 
	5.38
	0.09 
	0.9

	15
	0.400 
	0.406 
	4.52
	0.13 
	0.862

	18
	0.400 
	0.395 
	3.22
	0.18 
	0.865

	19
	0.400 
	0.405 
	3.83
	0.14 
	0.881

	20
	0.400 
	0.403 
	1.59
	0.30 
	0.902

	22
	0.400 
	0.403 
	5.02
	0.09 
	0.911

	24
	0.400 
	0.401 
	2.20
	0.28 
	0.851

	25
	0.400 
	0.405 
	6.56
	0.09
	0.861

	28
	0.400 
	0.399 
	6.36
	0.08 
	0.891

	31
	0.400 
	0.405 
	10.3
	0.05 
	0.889

	32
	0.400 
	0.398 
	4.40
	0.14 
	0.851

	33
	0.400 
	0.399 
	4.62
	0.13 
	0.857

	36
	0.400 
	0.407 
	6.73
	0.09 
	0.855

	38
	0.400 
	0.404 
	3.63
	0.14 
	0.891

	40
	0.400 
	0.406 
	7.59
	0.06 
	0.91

	41
	0.400 
	0.407 
	11.06
	0.05 
	0.875

	42
	0.400 
	0.405 
	5.10
	0.11 
	0.872

	48
	0.400 
	0.402 
	2.77
	0.21 
	0.864

	52
	0.400 
	0.402 
	2.88
	0.16 
	0.908

	59
	0.400 
	0.403 
	3.35
	0.14 
	0.905

	62
	0.400 
	0.402 
	5.50
	0.09 
	0.896

	63
	0.400 
	0.394 
	3.04
	0.17 
	0.888

	65
	0.400 
	0.392 
	3.23
	0.17 
	0.876

	70
	0.400 
	0.403 
	5.53
	0.11 
	0.854

	72
	0.400 
	0.400 
	4.10
	0.14 
	0.867

	73
	0.400 
	0.400 
	8.44
	0.06 
	0.892

	74
	0.400 
	0.399 
	3.98
	0.11 
	0.916

	81
	0.400 
	0.400 
	4.49
	0.10 
	0.912

	82
	0.400 
	0.402 
	6.95
	0.07 
	0.899

	83
	0.400 
	0.400 
	4.70
	0.10 
	0.905

	85
	0.400 
	0.398 
	5.37
	0.11 
	0.861

	92
	0.400 
	0.400 
	6.56
	0.09 
	0.861

	95
	0.400 
	0.400 
	7.21
	0.08 
	0.866

	96
	0.400 
	0.401 
	4.61
	0.12 
	0.875

	101
	0.400 
	0.402 
	4.20
	0.14 
	0.862

	105
	0.400 
	0.400 
	5.55
	0.10 
	0.874

	108
	0.400 
	0.403 
	3.18
	0.16 
	0.891

	110
	0.400 
	0.399 
	5.07
	0.12 
	0.854


Chapter FIVE:

POWER FACTOR IMPROVEMENT
As the Power Distribution network must be dimensioned to carry the apparent current, the optimum apparent current shall be maintained by improving the Power Factor close to unity. If appropriately sized capacitor banks or automatic systems are installed in parallel to the loads, the Reactive Current circulates between the capacitor and the load. This effectively means rest of the distribution network or the source is not subject to this additional Reactive Power. If Power Factor of unity is achieved by suitable combination of systems, the main current in the distribution is Active Power only .

Reactive Current circulating between the source and the load converts the electrical energy into heat. There is an additional load on the transformer, cables, switchgear etc., through the I2RT losses. This energy losses and voltage drops leads to additional loading on the source. If higher proportion of Reactive current is present, such losses will be higher and the distribution network shall have to be over sized to transmit Useful Power ‘P’ .
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Effect of Low Power Factor
1. Higher Apparent Current.
Low Power Factor causes higher Apparent Current in any Load Centre. 

2. Higher Losses in the Electrical Distribution System.
 The loss in the Cables, Switches, Motors etc., are in square proportion of the Active Current leading to higher losses in the Electrical Systems. The higher Active Current passing through all electrical circuits, cables, bus bars, switches, motors etc., reduces the life of the components. 

The electrical losses at a higher level will lead to higher resistive loss in square proportion of the Active Current, in turn leading to higher monthly consumption bills.

3.Low Voltage in the System. 
The low power factor leads to low voltage which leads to motor winding burn-outs.

4. Low Plant Load Factor.
 The low power factor reduces the capacity of the distribution network.
Low Power Factor increases the maintenance cost of the Power Distribution System.
Benefits of Improving Power Factor :
1. Lower Apparent Power.

2. Reduced KWH Losses.

3. Improved Voltage leading to enhanced life of the transformer, cables, switchgear, motors etc., and lower energy cost.

Power factor correction by means of conventional capacitor banks will not be effective where the level of harmonics are higher. This is because the harmonic-currents are amplified in the parallel resonant circuit formed by the capacitor and the network. As a result, current and voltage distortion are further increased.
The first step is to raise the power factor to be 92% to avoid penalties .so we’ll add capacitors to meet this value of power factor.
Power factor improvement

PF old = 86.8 %

PF desired = 92%

We can obtain QC needed by the equation 

Q c = Q old – Q new =P [tan cos-1(PF old) - tan cos-1(0.92)]

We’ll get Qc =1.8 MVAr

Adding capacitors in delta connection parallel to the Transformer in secondary side (0.4 kV) .
POWER FACTOR IMPROVEMENT SUMMARY

            MW           Mvar            MVA                  % PF 

                                     =========     =========     =========     ==============
Swing Bus(es):          12.7         5.56              13.863                     92  Lagging

Generators:                0.000               0.000                0.000              100.0  Lagging
Total Demand:         12.7         5.56              13.863                     92  Lagging

	Bus
#
	Voltage

nom
	Voltage
act
	P
MW
	Q
MVar
	PF
%

	2
	0.400 
	0.391
	0.18
	0.084
	0.912

	5
	0.400 
	0.385
	0.33
	0.14
	0.921

	6
	0.400 
	0.383
	0.20
	0.092
	0.912

	7
	0.400 
	0.384
	0.14
	0.076
	0.88

	8
	0.400 
	0.386
	0.14
	0.08
	0.875

	9
	0.400 
	0.384
	0.16
	0.09
	0.882

	10
	0.400 
	0.384
	0.21
	0.11
	0.89

	13
	0.400 
	0.385
	0.16
	0.08
	0.9

	15
	0.400 
	0.385
	0.20
	0.09
	0.915

	18
	0.400 
	0.375
	0.29
	0.14
	0.902

	19
	0.400 
	0.384
	0.24
	0.125
	0.889

	20
	0.400 
	0.382
	0.56
	0.27
	0.902

	22
	0.400 
	0.382
	0.17
	0.075
	0.921

	24
	0.400 
	0.380
	0.43
	0.195
	0.913

	25
	0.400 
	0.384
	0.10
	0.045
	0.913

	28
	0.400 
	0.385
	0.13
	0.067
	0.898

	31
	0.400 
	0.385
	0.09
	0.05
	0.889

	32
	0.400 
	0.378
	0.21
	0.101
	0.901

	33
	0.400 
	0.379
	0.20
	0.084
	0.921

	36
	0.400 
	0.386
	0.13
	0.05
	0.935

	38
	0.400 
	0.386
	0.23
	0.111
	0.904

	40
	0.400 
	0.385
	0.11
	0.05
	0.91

	41
	0.400 
	0.386
	0.07
	0.04
	0.875

	42
	0.400 
	0.384
	0.18
	0.096
	0.88

	48
	0.400 
	0.381
	0.32
	0.147
	0.912

	52
	0.400 
	0.381
	0.30
	0.14
	0.908

	59
	0.400 
	0.382
	0.25
	0.12
	0.905

	62
	0.400 
	0.381
	0.18
	0.09
	0.896

	63
	0.400 
	0.373
	0.29
	0.15
	0.888

	65
	0.400 
	0.372
	0.29
	0.136
	0.906

	70
	0.400 
	0.382
	0.16
	0.074
	0.912

	72
	0.400 
	0.379
	0.22
	0.089
	0.931

	73
	0.400 
	0.379
	0.09
	0.048
	0.90

	74
	0.400 
	0.378
	0.22
	0.1
	0.916

	81
	0.400 
	0.379
	0.20
	0.09
	0.912

	82
	0.400 
	0.381
	0.12
	0.06
	0.899

	83
	0.400 
	0.379
	0.19
	0.084
	0.915

	85
	0.400 
	0.377
	0.16
	0.072
	0.921

	92
	0.400 
	0.379
	0.13
	0.053
	0.931

	95
	0.400 
	0.380
	0.12
	0.049
	0.926

	96
	0.400 
	0.380
	0.20
	0.105
	0.885

	101
	0.400 
	0.381
	0.20
	0.073
	0.942

	105
	0.400 
	0.380
	0.16
	0.086
	0.884

	108
	0.400 
	0.382
	0.29
	0.15
	0.891

	110
	0.400 
	0.379
	0.18
	0.075
	0.924


We note:

 when we increase power factor the losses in the network decrease  .

Losses before p.f improvement = 0.808 Mw .

     Losses  after p.f improvement = 0.790 Mw .




Comparison between the original case and the case of power factor improvement
	Bus
#
	Voltage

before
	Voltage
after
	P.f

Before
	p.f

after

	2
	0.391
	0.391
	0.861
	0.912

	5
	0.385
	0.385
	0.867
	0.921

	6
	0.383
	0.383
	0.863
	0.912

	7
	0.384
	0.387
	0.87
	0.88

	8
	0.386
	0.384
	0.875
	0.875

	9
	0.384
	0.384
	0.882
	0.882

	10
	0.384
	0.386
	0.89
	0.89

	13
	0.385
	0.384
	0.9
	0.9

	15
	0.385
	0.385
	0.862
	0.915

	18
	0.375
	0.375
	0.865
	0.902

	19
	0.384
	0.384
	0.881
	0.889

	20
	0.382
	0.382
	0.902
	0.902

	22
	0.382
	0.383
	0.911
	0.921

	24
	0.380
	0.380
	0.851
	0.913

	25
	0.384
	0.384
	0.861
	0.913

	28
	0.385
	0.379
	0.891
	0.898

	31
	0.385
	0.385
	0.889
	0.889

	32
	0.378
	0.384
	0.851
	0.901

	33
	0.379
	0.385
	0.857
	0.921

	36
	0.386
	0.386
	0.855
	0.935

	38
	0.386
	0.383
	0.891
	0.904

	40
	0.385
	0.386
	0.91
	0.91

	41
	0.386
	0.386
	0.875
	0.875

	42
	0.384
	0.385
	0.872
	0.88

	48
	0.381
	0.382
	0.864
	0.912

	52
	0.381
	0.381
	0.908
	0.908

	59
	0.382
	0.382
	0.905
	0.905

	62
	0.381
	0.381
	0.896
	0.896

	63
	0.373
	0.374
	0.888
	0.888

	65
	0.372
	0.378
	0.876
	0.906

	70
	0.382
	0.382
	0.854
	0.912

	72
	0.379
	0.384
	0.867
	0.931

	73
	0.379
	0.380
	0.892
	0.90

	74
	0.378
	0.382
	0.916
	0.916

	81
	0.379
	0.382
	0.912
	0.912

	82
	0.381
	0.382
	0.899
	0.899

	83
	0.379
	0.382
	0.905
	0.915

	85
	0.377
	0.381
	0.861
	0.921

	92
	0.379
	0.382
	0.861
	0.931

	95
	0.380
	0.380
	0.866
	0.926

	96
	0.380
	0.383
	0.875
	0.885

	101
	0.381
	0.382
	0.862
	0.942

	105
	0.380
	0.380
	0.874
	0.884

	108
	0.382
	0.382
	0.891
	0.891

	110
	0.379
	0.383
	0.854
	0.924


Chapter SIX:

THE IMPROVEMENT OF VOLTAGE LEVEL
Maximum load voltage level improvement :
Adding capacitors (fixed and regulated) in delta connection parallel to the Transformer in secondary side (0.4 kv)
SUMMARY OF TOTAL GENERATION, LOADING & DEMAND

            MW               Mvar            MVA                  % PF 

                                     =========     =========     =========     ==============
        Swing Bus(es):             12.7               3.451        13.16                         96.5 Lagging           
         Generators:                0.000               0.000                0.000              100.0  Lagging 
            Total Demand:         12. 7                7.36              14.687                  86.8  Lagging 

                                     ---------     ---------     ---------     --------------
We notice 

when we improvement the voltage level the losses in the network decrease and the total current decrease

Losses in origin case   = 0.808 Mw

Losses after voltage improvement = 0.635 Mw

Comparison between three  case

1.      the origin case .

2.      power factor improvement  case .   

3.     voltage level improvement  case .
	Bus
#
	Voltage

Origin case
	Voltage
Improve

p.f
	Voltage
Improve of voltage level
	P.f

origin
	p.f

improve

p.f
	p.f

Improve of voltage level

	2
	0.391
	0.391
	0.395
	0.861
	0.912
	99.80

	5
	0.385
	0.385
	0.389
	0.867
	0.921
	97.43

	6
	0.383
	0.383
	0.389
	0.863
	0.912
	99.45

	7
	0.384
	0.387
	0.390
	0.87
	0.88
	97.15

	8
	0.386
	0.384
	0.387
	0.875
	0.875
	97.17

	9
	0.384
	0.384
	0.387
	0.882
	0.882
	97.04

	10
	0.384
	0.386
	0.390
	0.89
	0.89
	99.77

	13
	0.385
	0.384
	0.387
	0.9
	0.9
	97.23

	15
	0.385
	0.385
	0.388
	0.862
	0.915
	97.07

	18
	0.375
	0.375
	0.381
	0.865
	0.902
	97.76

	19
	0.384
	0.384
	0.387
	0.881
	0.889
	96.46

	20
	0.382
	0.382
	0.385
	0.902
	0.902
	96.47

	22
	0.382
	0.383
	0.387
	0.911
	0.921
	98.90

	24
	0.380
	0.380
	0.386
	0.851
	0.913
	99.01

	25
	0.384
	0.384
	0.387
	0.861
	0.913
	98.42

	28
	0.385
	0.379
	0.383
	0.891
	0.898
	97.70

	31
	0.385
	0.385
	0.385
	0.889
	0.889
	94.10

	32
	0.378
	0.384
	0.385
	0.851
	0.901
	98.81

	33
	0.379
	0.385
	0.386
	0.857
	0.921
	99.42

	36
	0.386
	0.386
	0.387
	0.855
	0.935
	92.60

	38
	0.386
	0.383
	0.385
	0.891
	0.904
	95.58

	40
	0.385
	0.386
	0.386
	0.91
	0.91
	93.30

	41
	0.386
	0.386
	0.387
	0.875
	0.875
	94.70

	42
	0.384
	0.385
	0.385
	0.872
	0.88
	93.00

	48
	0.381
	0.382
	0.384
	0.864
	0.912
	95.83

	52
	0.381
	0.381
	0.384
	0.908
	0.908
	95.53

	59
	0.382
	0.382
	0.387
	0.905
	0.905
	99.46

	62
	0.381
	0.381
	0.386
	0.896
	0.896
	98.85

	63
	0.373
	0.374
	0.380
	0.888
	0.888
	98.32

	65
	0.372
	0.378
	0.379
	0.876
	0.906
	98.10

	70
	0.382
	0.382
	0.385
	0.854
	0.912
	98.15

	72
	0.379
	0.384
	0.384
	0.867
	0.931
	99.40

	73
	0.379
	0.380
	0.386
	0.892
	0.90
	99.40

	74
	0.378
	0.382
	0.383
	0.916
	0.916
	97.15

	81
	0.379
	0.382
	0.383
	0.912
	0.912
	96.65

	82
	0.381
	0.382
	0.384
	0.899
	0.899
	96.92

	83
	0.379
	0.382
	0.383
	0.905
	0.915
	96.61

	85
	0.377
	0.381
	0.381
	0.861
	0.921
	96.82

	92
	0.379
	0.382
	0.383
	0.861
	0.931
	96.43

	95
	0.380
	0.380
	0.383
	0.866
	0.926
	97.80

	96
	0.380
	0.383
	0.384
	0.875
	0.885
	96.99

	101
	0.381
	0.382
	0.386
	0.862
	0.942
	99.49

	105
	0.380
	0.380
	0.384
	0.874
	0.884
	98.81

	108
	0.382
	0.382
	0.384
	0.891
	0.891
	95.66

	110
	0.379
	0.383
	0.383
	0.854
	0.924
	97.29


Two connection points without ring configuration.

SUMMARY OF TOTAL GENERATION, LOADING & DEMAND

            MW                Mvar              MVA                  % PF 

                                     =========     =========     =========     ==============
        Swing Bus(es):              7.8                4.4                     8.95                           87.1 Lagging 

         Generators:                5.000              3.000                5.8                               86.2Lagging 
            Total Demand:         12.8               7.4               14.75                             86.7  Lagging
I swing              :                156 A

I gen                 :                101 A
	Bus
#
	Voltage

nom
	Voltage
Act
	P
MW
	Q
MVar
	PF
%

	2
	0.400
	0.392
	0.19
	0.11
	0.861

	5
	0.400
	0.386
	0.33
	0.19
	0.867

	6
	0.400
	0.385
	0.20
	0.12
	0.863

	7
	0.400
	0.390
	0.14
	0.08
	0.87

	8
	0.400
	0.387
	0.14
	0.08
	0.875

	9
	0.400
	0.387
	0.17
	0.09
	0.882

	10
	0.400
	0.389
	0.21
	0.11
	0.89

	13
	0.400
	0.387
	0.165
	0.08
	0.9

	15
	0.400
	0.388
	0.20
	0.12
	0.862

	18
	0.400
	0.378
	0.29
	0.17
	0.865

	19
	0.400
	0.387
	0.242
	0.13
	0.881

	20
	0.400
	0.385
	0.564
	0.27
	0.902

	22
	0.400
	0.385
	0.176
	0.08
	0.911

	24
	0.400
	0.383
	0.43
	0.27
	0.851

	25
	0.400
	0.387
	0.101
	0.06
	0.861

	28
	0.400
	0.381
	0.137
	0.07
	0.891

	31
	0.400
	0.388
	0.097
	0.05
	0.889

	32
	0.400
	0.381
	0.217
	0.13
	0.851

	33
	0.400
	0.382
	0.199
	0.12
	0.857

	36
	0.400
	0.390
	0.131
	0.08
	0.855

	38
	0.400
	0.387
	0.23
	0.12
	0.891

	40
	0.400
	0.389
	0.109
	0.05
	0.91

	41
	0.400
	0.390
	0.07
	0.04
	0.875

	42
	0.400
	0.388
	0.179
	0.1
	0.872

	48
	0.400
	0.385
	0.32
	0.19
	0.864

	52
	0.400
	0.386
	0.303
	0.14
	0.908

	59
	0.400
	0.387
	0.255
	0.12
	0.905

	62
	0.400
	0.386
	0.18
	0.09
	0.896

	63
	0.400
	0.378
	0.289
	0.15
	0.888

	65
	0.400
	0.377
	0.29
	0.16
	0.876

	70
	0.400
	0.387
	0.164
	0.1
	0.854

	72
	0.400
	0.385
	0.22
	0.13
	0.867

	73
	0.400
	0.385
	0.09
	0.05
	0.892

	74
	0.400
	0.383
	0.22
	0.1
	0.916

	81
	0.400
	0.385
	0.20
	0.09
	0.912

	82
	0.400
	0.387
	0.12
	0.06
	0.899

	83
	0.400
	0.384
	0.19
	0.09
	0.905

	85
	0.400
	0.382
	0.17
	0.1
	0.861

	92
	0.400
	0.384
	0.13
	0.08
	0.861

	95
	0.400
	0.385
	0.12
	0.07
	0.866

	96
	0.400
	0.386
	0.19
	0.11
	0.875

	101
	0.400
	0.387
	0.20
	0.12
	0.862

	105
	0.400
	0.386
	0.16
	0.09
	0.874

	108
	0.400
	0.389
	0.29
	0.15
	0.891

	110
	0.400
	0.388
	0.18
	0.11
	0.854


Chapter SEVEN :
MINIMUM LOAD 

SUMMARY OF TOTAL GENERATION, LOADING & DEMAND

            MW               Mvar            MVA                  % PF 

                                     =========     =========     =========     ==============

        Swing Bus(es):             5.125                  2.862               5.87                   87.3  Lagging
         Generators:                0.000               0.000                0.000              100.0  Lagging 
            Total Demand:         5.125                 2.862              5.87                   87.3  Lagging
                                     ---------     ---------     ---------     --------------

Total current  102.7 A .
	Bus
#
	Voltage

nom
	Voltage
Act
	P
MW
	Q
MVar
	PF
%

	2
	0.400
	0.396
	0.106
	0.048
	0.871

	5
	0.400
	0.394
	0.173
	0.097
	0.873

	6
	0.400
	0.393
	0.111
	0.061
	0.876

	7
	0.400
	0.395
	0.078
	0.042
	0.88

	8
	0.400
	0.394
	0.077
	0.041
	0.885

	9
	0.400
	0.393
	0.085
	0.044
	0.887

	10
	0.400
	0.394
	0.098
	0.049
	0.893

	13
	0.400
	0.394
	0.080
	0.036
	0.91

	15
	0.400
	0.394
	0.110
	0.062
	0.872

	18
	0.400
	0.390
	0.156
	0.088
	0.871

	19
	0.400
	0.393
	0.112
	0.059
	0.886

	20
	0.400
	0.393
	0.274
	0.13
	0.903

	22
	0.400
	0.393
	0.074
	0.033
	0.913

	24
	0.400
	0.392
	0.225
	0.134
	0.86

	25
	0.400
	0.393
	0.054
	0.031
	0.864

	28
	0.400
	0.391
	0.068
	0.034
	0.893

	31
	0.400
	0.394
	0.058
	0.031
	0.88

	32
	0.400
	0.391
	0.099
	0.059
	0.858

	33
	0.400
	0.391
	0.125
	0.075
	0.859

	36
	0.400
	0.394
	0.086
	0.052
	0.857

	38
	0.400
	0.393
	0.121
	0.061
	0.893

	40
	0.400
	0.394
	0.056
	0.025
	0.911

	41
	0.400
	0.394
	0.052
	0.028
	0.878

	42
	0.400
	0.394
	0.104
	0.057
	0.876

	48
	0.400
	0.392
	0.189
	0.109
	0.867

	52
	0.400
	0.392
	0.143
	0.065
	0.91

	59
	0.400
	0.393
	0.125
	0.057
	0.909

	62
	0.400
	0.392
	0.085
	0.042
	0.897

	63
	0.400
	0.389
	0.145
	0.075
	0.889

	65
	0.400
	0.389
	0.154
	0.084
	0.878

	70
	0.400
	0.393
	0.092
	0.055
	0.857

	72
	0.400
	0.392
	0.146
	0.083
	0.869

	73
	0.400
	0.392
	0.058
	0.028
	0.898

	74
	0.400
	0.391
	0.085
	0.037
	0.917

	81
	0.400
	0.392
	0.079
	0.035
	0.913

	82
	0.400
	0.392
	0.065
	0.032
	0.895

	83
	0.400
	0.391
	0.080
	0.037
	0.907

	85
	0.400
	0.391
	0.102
	0.059
	0.867

	92
	0.400
	0.391
	0.073
	0.042
	0.869

	95
	0.400
	0.392
	0.074
	0.042
	0.872

	96
	0.400
	0.392
	0.093
	0.051
	0.875

	101
	0.400
	0.392
	0.133
	0.076
	0.867

	105
	0.400
	0.392
	0.101
	0.056
	0.875

	108
	0.400
	0.393
	0.152
	0.077
	0.893

	110
	0.400
	0.391
	0.094
	0.057
	0.857


VOLTAGE LEVEL IMPROVEMENT  of   MINIMUM LOAD      

SUMMARY OF TOTAL GENERATION, LOADING & DEMAND

            MW                Mvar              MVA                  % PF 

                                     =========     =========     =========     ==============
        Swing Bus(es):             5.120               2.30                  5.67               91.4  Lagging
         Generators:                0.000               0.000                0.000                  100.0  Lagging 
            Total Demand:         5.120              2.30                  5.67                91.4  Lagging
                                     ---------     ---------     ---------     --------------
Total current  99.2 A
Comparison between the case minimum load and voltage Level improvement of minimum load  
	Bus
#
	Voltage

before
	Voltage
after
	P.f

before
	p.f

after

	2
	0.396
	0.398
	0.871
	91.8

	5
	0.394
	0.396
	0.873
	92.4

	6
	0.393
	0.395
	0.876
	89.7

	7
	0.395
	0.394
	0.88
	92.8

	8
	0.394
	0.395
	0.885
	88.8

	9
	0.393
	0.396
	0.887
	90.8

	10
	0.394
	0.394
	0.893
	91.7

	13
	0.394
	0.394
	0.91
	91.9

	15
	0.394
	0.392
	0.872
	90.8

	18
	0.390
	0.394
	0.871
	89.4

	19
	0.393
	0.394
	0.886
	89.2

	20
	0.393
	0.393
	0.903
	90.8

	22
	0.393
	0.393
	0.913
	91.5

	24
	0.392
	0.394
	0.86
	89.7

	25
	0.393
	0.393
	0.864
	88.3

	28
	0.391
	0.394
	0.893
	90.2

	31
	0.394
	0.394
	0.88
	88.3

	32
	0.391
	0.393
	0.858
	87.4

	33
	0.391
	0.394
	0.859
	88.3

	36
	0.394
	0.394
	0.857
	89.6

	38
	0.393
	0.394
	0.893
	90.3

	40
	0.394
	0.395
	0.911
	91.2

	41
	0.394
	0.394
	0.878
	89.1

	42
	0.394
	0.393
	0.876
	89.8

	48
	0.392
	0.393
	0.867
	88.5

	52
	0.392
	0.393
	0.91
	92.4

	59
	0.393
	0.394
	0.909
	92.6

	62
	0.392
	0.392
	0.897
	91.3

	63
	0.389
	0.391
	0.889
	90.1

	65
	0.389
	0.393
	0.878
	91.3

	70
	0.393
	0.392
	0.857
	89.7

	72
	0.392
	0.392
	0.869
	88.7

	73
	0.392
	0.393
	0.898
	91.4

	74
	0.391
	0.392
	0.917
	92.9

	81
	0.392
	0.393
	0.913
	92.8

	82
	0.392
	0.392
	0.895
	90.4

	83
	0.391
	0.392
	0.907
	90.8

	85
	0.391
	0.392
	0.867
	89.3

	92
	0.391
	0.392
	0.869
	88.6

	95
	0.392
	0.393
	0.872
	91.1

	96
	0.392
	0.393
	0.875
	92.6

	101
	0.392
	0.393
	0.867
	89.8

	105
	0.392
	0.393
	0.875
	89.5

	108
	0.393
	0.393
	0.893
	89.6

	110
	0.391
	0.398
	0.857
	87.8


We use capacitor

Chapter Eight : Economical Study
Economical study o f p.f improvement
∆p before adding capacitor = 0.808 Mw

∆p after adding capacitor  = 0.790 Mw

∆∆p = ∆p before - ∆p after = 0.808 – 0.790 = 0.018 Mw

Z∆p =  ∆∆p*T*cost/MWh
We take tmax = 5550 h , then we calculate T

T=8760(0.124+0.0001tmax)^2

T=4000 hour

( Z∆p = 0.018*4000*140 = 10080$
Now we calculate cost of capacitors :

Zc = Qc*Cc ( fixed & regulated)* EH( capital recovery factor )

We know that the cost of the capacitor is as follow:-                             
Fixed Cap=5000 $/Mvar
Regulated Cap=15000  $/Mvar
( Zc = 1.8*5000*0.22 = 1980$
  Saving in P.f  penalties :
Saving in p.f = ( 0.92-0.86)*11.3*4000*140 *0.02 = 7593$

Total saving =  saving in Δp +saving in power factor – Zc

                    =  10080 + 7593 – 1980 = 15693 $
S.P.B.P =  investment   =     1.8*5000   =  0.57 year 

                Annual saving        15693
              =  0.57 year *12 =  6.78 months .

influence of Load factor correction .

Some transformers are over loaded T16,T22,T32… while others are operating at light load  as T7,T26 , T42 .
To have a good transformer loading the load factor should be greater than 0.6 In order to make the transformer works on a better efficiency …
We make the following correction and we show the influence
	 
	T16
	T22
	T32
	T7
	T26
	T42

	L.F before
	97
	96
	98
	34
	41
	38

	L.F after
	65
	53
	64
	59
	60
	70

	Voltage before 
	387
	393
	387
	394
	388
	393

	Voltage after 
	391
	390
	391
	392
	392
	389


And we save :

3KW and 17 Kvar

Chapter NINE:

Connection with west bank net work :
We connect the Jericho net work to the west bank net work to study the effect of its connection on Jericho net work.

We want to study the change of buses voltage , current of feeders , power factor and losses .

Information of west bank net work :

	Bus
	P+jQ  (MVA)
	S (MVA)
	PF

	0
	15.8+j5.83
	16.84
	0.94

	1
	34.8+j8.2
	35.75
	0.97

	2
	62.4+j16.1
	64.44
	0.96

	3
	7.8+j2.5
	8.2
	0.95

	4
	30+j7.59
	30.95
	0.97

	5
	6.2+j0.9
	6.26
	0.98

	6
	88.6+j24.6
	91.95
	0.96

	7
	16.6+j4.5
	17.2
	0.96

	8
	108.5+j31.22
	112.9
	0.96

	9
	60.8+j16.77
	63.07
	0.96

	10
	92.6+j24.47
	95.77
	0.97


	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Qal
	Tul
	Nab
	Tub
	Jen
	Sil
	Ram
	Jer
	Jur
	Bet
	Heb


	Line
	power flow (MW)
	L (Km)
	V calc (KV)
	V standard (KV)

	A-1
	119.5
	25
	156.25
	230

	A-2
	164.7
	31
	166.7
	230

	1_2
	84.7
	25
	143
	230

	2_3
	38.7
	20
	105.7
	132

	3_4
	30
	29
	100
	132

	2_5
	148.3
	28
	169.5
	230

	5_6
	142.1
	24
	161.3
	230

	7_6
	67
	35
	139
	230

	6_8
	261.9
	18
	164
	230

	7_8
	141.4
	32
	172.4
	230

	8_9
	153.4
	10.3
	124
	132

	9_10
	92.6
	16.5
	132.3
	132


	Bus
	S (MVA)
	Scalc
	S rated
	type of T
	rated v

	0
	300
	214.2857
	250
	3
	230/11/22

	1
	37.51
	26.79286
	40
	2
	230/22

	2
	107.24
	76.6
	125
	3
	230/132/33

	3
	8.19
	5.85
	16
	2
	132/33

	4
	31.83
	22.73571
	32
	2
	132/33

	5
	6.26
	4.471429
	16
	2
	230/33

	6
	94.9
	67.78571
	80
	2
	230/33

	7
	16.6
	11.85714
	16
	2
	230/33

	8
	281.1
	200.7857
	250
	3
	230/132/33

	9
	64.9
	46.35714
	63
	2
	132/33

	10
	99.5
	71.07143
	160
	2
	132/33


	Line
	P+jQ (MVA)
	S
	V standard (KV)
	If
	Inom
	Fecon
	Imax

	A-1
	119.5+j49.2
	129.23
	230.00
	777.25
	324.41
	555.18
	1050

	A-2
	164.7+j72.8
	180.07
	230.00
	769.36
	452.03
	549.54
	1050

	1_2
	84.7+j0.03
	84.70
	230.00
	688.91
	212.62
	492.08
	960

	2_3
	38.7+j10
	39.97
	132.00
	174.83
	87.41
	124.88
	450

	3_4
	30+j7.59
	30.95
	132.00
	135.38
	67.69
	96.70
	390

	2_5
	148.3+j87.58
	172.23
	230.00
	432.35
	216.17
	308.82
	730

	5_6
	142.1+j86.7
	166.46
	230.00
	417.86
	208.93
	298.47
	710

	6_7
	67+j9.3
	67.64
	230.00
	169.80
	524.36
	121.28
	450

	6_8
	261.9+j72.1
	271.64
	230.00
	681.90
	524.36
	487.07
	960

	7_8
	141.4+j19.5
	142.74
	230.00
	358.32
	682.76
	255.94
	710

	8_9
	153.4+j59.24
	164.44
	132
	719.2596
	359.6298
	513.7568
	1050

	9_10
	92.6+j36.47
	99.52
	132
	435.2999
	217.6499
	310.9285
	730


[image: image1.png]



The result after connection :
SUMMARY OF TOTAL GENERATION, LOADING & DEMAND

            MW               Mvar            MVA                  % PF 

                                     =========     =========     =========     ==============

        Swing Bus(es):             254.144                 76.511               256.411             95.8 Lagging
         Generators:                276.00               117.6                300.01                    92.0  Lagging 
            Total Demand:         530.144                 194.111              564.563           93.9  Lagging
1.max load :
	Bus
#
	Voltage

nom
	Voltage
Before conn.
	Voltage

after conn

	2
	0.400 
	0.391
	0.385

	5
	0.400 
	0.385
	0.385

	6
	0.400 
	0.383
	0.385

	7
	0.400 
	0.384
	0.385

	8
	0.400 
	0.386
	0.385

	9
	0.400 
	0.384
	0.385

	10
	0.400 
	0.384
	0.379

	13
	0.400 
	0.385
	0.379

	15
	0.400 
	0.385
	0.379

	18
	0.400 
	0.375
	0.379

	19
	0.400 
	0.384
	0.379

	20
	0.400 
	0.382
	0.379

	22
	0.400 
	0.382
	0.379

	24
	0.400 
	0.380
	0.375

	25
	0.400 
	0.384
	0.375

	28
	0.400 
	0.385
	0.375

	31
	0.400 
	0.385
	0.375

	32
	0.400 
	0.378
	0.375

	33
	0.400 
	0.379
	0.375

	36
	0.400 
	0.386
	0.375

	38
	0.400 
	0.386
	0.380

	40
	0.400 
	0.385
	0.380

	41
	0.400 
	0.386
	0.380

	42
	0.400 
	0.384
	0.380

	48
	0.400 
	0.381
	0.380

	52
	0.400 
	0.381
	0.380

	59
	0.400 
	0.382
	0.380

	62
	0.400 
	0.381
	0.380

	63
	0.400 
	0.373
	0.375

	65
	0.400 
	0.372
	0.375

	70
	0.400 
	0.382
	0.375

	72
	0.400 
	0.379
	0.375

	73
	0.400 
	0.379
	0.375

	74
	0.400 
	0.378
	0.375

	81
	0.400 
	0.379
	0.375

	82
	0.400 
	0.381
	0.375

	83
	0.400 
	0.379
	0.375

	85
	0.400 
	0.377
	0.375

	92
	0.400 
	0.379
	0.375

	95
	0.400 
	0.380
	0.380

	96
	0.400 
	0.380
	0.380

	101
	0.400 
	0.381
	0.380

	105
	0.400 
	0.380
	0.380

	108
	0.400 
	0.382
	0.380

	110
	0.400 
	0.379
	0.380


2. Min load :

	Bus
#
	Voltage

nom
	Voltage
Before conn
	Voltage
after conn

	2
	0.400
	0.396
	0.392

	5
	0.400
	0.394
	0.392

	6
	0.400
	0.393
	0.392

	7
	0.400
	0.395
	0.392

	8
	0.400
	0.394
	0.392

	9
	0.400
	0.393
	0.392

	10
	0.400
	0.394
	0.391

	13
	0.400
	0.394
	0.391

	15
	0.400
	0.394
	0.391

	18
	0.400
	0.390
	0.391

	19
	0.400
	0.393
	0.391

	20
	0.400
	0.393
	0.391

	22
	0.400
	0.393
	0.391

	24
	0.400
	0.392
	0.391

	25
	0.400
	0.393
	0.391

	28
	0.400
	0.391
	0.391

	31
	0.400
	0.394
	0.391

	32
	0.400
	0.391
	0.391

	33
	0.400
	0.391
	0.391

	36
	0.400
	0.394
	0.390

	38
	0.400
	0.393
	0.390

	40
	0.400
	0.394
	0.390

	41
	0.400
	0.394
	0.390

	42
	0.400
	0.394
	0.390

	48
	0.400
	0.392
	0.390

	52
	0.400
	0.392
	0.390

	59
	0.400
	0.393
	0.390

	62
	0.400
	0.392
	0.390

	63
	0.400
	0.389
	0.390

	65
	0.400
	0.389
	0.391

	70
	0.400
	0.393
	0.391

	72
	0.400
	0.392
	0.391

	73
	0.400
	0.392
	0.391

	74
	0.400
	0.391
	0.391

	81
	0.400
	0.392
	0.391

	82
	0.400
	0.392
	0.391

	83
	0.400
	0.391
	0.391

	85
	0.400
	0.391
	0.391

	92
	0.400
	0.391
	0.391

	95
	0.400
	0.392
	0.390

	96
	0.400
	0.392
	0.390

	101
	0.400
	0.392
	0.390

	105
	0.400
	0.392
	0.390

	108
	0.400
	0.393
	0.390

	110
	0.400
	0.391
	0.390


Compression between before and after connection : 

	
	Before
	After

	Current (A)
	262
	317

	Losses
	5%
	6.05%
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