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[bookmark: _Toc279238663]Introduction

Electric power systems:
It's a complex assemblage of equipment and circuits for generating, transmitting, transforming, and distributing electrical energy, and the electrical energy required to supply electric power systems is produced in generating stations, commonly called power plants. Such generating stations, however, should be considered as conversion facilities in which the heat energy of fuel (coal, oil, gas, or uranium) or the hydraulic energy of falling water is converted to electricity and here a presentation of this equipment:
1) Generators :
A generator forces electrons in the windings to flow through the external electrical circuit. It is somewhat analogous to a water pump, which creates a flow of water but does not create the water inside. The source of mechanical energy may be a reciprocating or turbine steam engine, water falling through a turbine or waterwheel, an internal combustion engine, a wind turbine, a hand crank, compressed air or any other source of mechanical energy.

[image: http://upload.wikimedia.org/wikipedia/commons/thumb/4/4f/Modern_Steam_Turbine_Generator.jpg/400px-Modern_Steam_Turbine_Generator.jpg]
[bookmark: _Toc255565985][bookmark: _Toc261101879][bookmark: _Toc261102198][bookmark: _Toc261200898][bookmark: _Toc279238664]A figure of AC generators
2) Transmission line :
It will be link between buses and carry the high voltages with long distance and fewer losses,(and it will be studied well in this search).
[image: ]
3) Transformers:
Transformers provide an additional means of control of the flow of both real and reactive power. Our usual concept of the function of transformers in a power system is that of changing from one voltage level to another, as when a transformer converts the voltage of a generator to the transmission-line voltage. However, transformers which provide a small adjustment of voltage magnitude, usually in the range of ±10% and others which shift the phase angle of the line voltages are important components of a power system. Some transformers regulate both the magnitude and phase angle.
[image: ]



4) The load:
The load study's principle is to determine the current, the voltage, real power and reactive power at the generation buses in the network under exiting or contemplated conditions of normal operation. Load flow is essential in design the future development.  Every power system have a special operation of the system depend on knowing the effects of this power system with other power systems and we will have new loads ,new generating stations and new transmission lines before they are installed.
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[bookmark: _Toc261200900][bookmark: _Toc278207125][bookmark: _Toc279238666]The network








[bookmark: _Toc261200901][bookmark: _Toc279238667]The transmission line:
The transmission system carries electric power efficiently and in large amounts from generating stations to consumption areas. Such transmission is also used to interconnect adjacent power systems for mutual assistance in case of emergency and to gain for the interconnected power systems the economies possible in regional operation, and our project talks about this transmission line and how to choose the most reliable system to deliver electrical energy with the minimum loss of it, this reliability achieved by chose the suitable materials that used in the line that carry the electric energy depending on the length if the T.L and the resistance, capacitance and reactance of the wire ,and we also going to make our own program to analysis the system.
[bookmark: _Toc261200902][bookmark: _Toc279238668]The network:
Our network is a Russian network it's that we are going to design and analysis our design to get the most reliable design.
The first part of our project is to define a network and get the optimum design of this network depending on the data we have.
And the data is:
The following graph shows the pleases of the substation according to the main station:


All the distances between the main station and different substation (buses) and between themselves in KM shown the following table:
[bookmark: _Toc279238669]The distances table
	
	1
	2
	3
	4
	5
	6

	A
	75
	65
	80
	95
	95
	105

	1
	-
	40
	20
	25
	50
	60

	2
	40
	-
	30
	60
	30
	65

	3
	20
	30
	-
	30
	30
	40

	4
	25
	60
	30
	-
	45
	35

	5
	50
	30
	30
	45
	-
	20

	6
	60
	65
	40
	35
	20
	-




And we have the power at each substation that includes the real, reactive power, power factor.
[bookmark: _Toc279238670]The load table
	Load
	S(MVA)
	1st class
	2nd class
	3rd class
	Power factor
	P(MW)
	Q(MVAR)

	1
	30
	+
	+
	+
	0.8
	24
	18

	2
	35
	+
	+
	+
	0.76
	26.6
	22.75

	3
	20
	+
	+
	+
	0.83
	16.6
	11.15

	4
	12
	-
	+
	+
	0.85
	10.2
	6.32

	5
	15
	+
	+
	+
	0.9
	13.5
	6.52

	6
	8
	+
	+
	+
	0.78
	6.24
	5.076

	
	
	
	
	
	
	97.14
	69.816
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[bookmark: _Toc261102204][bookmark: _Toc261102563][bookmark: _Toc261200906][bookmark: _Toc278207131][bookmark: _Toc279238672]Balance of real and reactive power



· [bookmark: _Toc261102564][bookmark: _Toc261200907][bookmark: _Toc279238673]Balance of real power :
In this section we calculate the power needed to be generated for this network and we take into a count the power loss in the transmission lines and T.R, and also the future expansion on the network:
PG=P load+ P loss
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]PG=0.9 PL+ (0.05-0.075) PL
P L=97.14(MW).
PG=(0.9*97.14)+(0.075*97.14)
=87.426+7.2855
P G total =94.7115 (MW)
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]PG'=1.2 PG=113.654 (MW)

· [bookmark: _Toc261102565][bookmark: _Toc261200908][bookmark: _Toc279238674]Balance of reactive power:
This part is important because we want to reach an economical power factor, the power factor in our network is 0.8 and we studied the load to calculate the capacitor banks needed to correct the power factor:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK8][bookmark: OLE_LINK9]QA + QT.L + Qc= QL +∆ QT.L+∆QT.R
QT.L=∆ QT.L
∆QT.R=10%*S*M *#of T.R
S= =119.62
M=2
∆QT.R=0.1*119.62*22= 47.848
PG'=113.654 (MW)
QA=
P.F economical =
QC∑=QL∑ + ∆QT.R – QA
=69.816+47.85-85.2405=37.393 MVAR
P.F economical =0.933
Now to calculate the Qc for each bus using this equation
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Q C n=P n 
QC1=24 * =6.7 
QC2=26.6 * =9.4 
QC3=16.6 * =3.77 
QC4=10.2 * =1.93 
QC5=13.5 * =1.125 
QC6=6.24 * =1.987 

Now we have new reactive power on each load:
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]QL new 1=18 – 9 =9 MVAR
QL new 2=22.75 – 12 = 10.75 MVAR
QL new 3=11.15 – 6 = 5.15 MVAR
QL new 4 = 6.32 – 3 = 3.32 MVAR
QL new 5 = 6.52 – 3 = 3.52 MVAR
QL new 6 = 5.076 – 3 = 2.076 MVAR
The new Qc total = 33.816 MVAR
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Network Design





[bookmark: _Toc261102567][bookmark: _Toc279238676]The network designs: 



















In this chapter we calculate the voltage in each branch using this function:
V=  ;where V:KV , P: MW  ,  L: KM
Put in the ring network we use this method to calculate the power to be used in the voltage law:

Like this we make the connection like that:

And use this low:
P1-3=
P1-2=
P3-2=P1-3 – P3






For the design of the network we have 9 schematics that contain two groups and for this schematics we going to calculate the voltage that would be transmitted in the lines:
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25]Radial schematics which is 6 designs:
1- First network




	# of Branch
	Length (KM)
	Distance (KM)
	P (MW)
	Q (MVAR)
	V cal (KV)
	V st (KV)
	# of T.R

	1
	150
	75
	70.54
	23.66
	154.1
	220
	0

	2
	130
	65
	26.6
	10.75
	99.17
	110
	1

	3
	40
	20
	46.54
	14.066
	112.7
	220
	0

	4
	60
	30
	10.2
	3.32
	61.8
	110
	1

	5
	60
	30
	19.74
	5.596
	83.5
	110
	1

	6
	40
	20
	6.24
	2.076
	48.47
	110
	1

	[bookmark: _Hlk260867858]Total
	480
	240
	179.86
	59.468
	
	
	4





2- Second network



	# of Branch
	Length (KM)
	Distance (KM)
	P (MW)
	Q (MVAR)
	V cal (KV)
	V st (KV)
	# of T.R

	1
	150
	75
	57.04
	19.546
	140
	220
	0

	2
	130
	65
	40.1
	14.27
	119.49
	220
	0

	3
	40
	20
	33.04
	10.546
	99.668
	110
	1

	4
	60
	30
	16.44
	5.396
	76.98
	110
	1

	5
	60
	30
	13.5
	3.52
	70.38
	110
	1

	6
	70
	35
	6.24
	2.076
	49.09
	110
	1

	Total
	510
	255
	245.7
	55.354
	
	
	4







3- Third network




	# of Branch
	Length (KM)
	Distance (KM)
	P (MW)
	Q (MVAR)
	V cal (KV)
	V st (KV)
	# of T.R

	1
	150
	75
	40.6
	14.15
	121.05
	220
	0

	2
	130
	65
	56.54
	19.666
	137.08
	220
	0

	3
	40
	20
	16.6
	5.15
	75.46
	110
	1

	4
	90
	45
	16.44
	5.396
	78.28
	110
	1

	5
	60
	30
	29.94
	8.916
	99.916
	110
	1

	6
	70
	35
	6.24
	2.076
	49.09
	110
	1

	Total
	540
	270
	166.36
	53.354
	
	
	4






4- Fourth network

	# of Branch
	Length (KM)
	Distance (KM)
	P (MW)
	Q (MVAR)
	V cal (KV)
	V st (KV)
	# of T.R

	1
	80
	40
	50.8
	17.47
	127.295
	220
	0

	2
	130
	65
	97.1
	33.816
	172.95
	220
	0

	3
	40
	20
	26.8
	8.47
	91.947
	110
	1

	4
	60
	30
	10.2
	3.32
	61.807
	110
	1

	5
	60
	30
	19.74
	5.596
	83.5
	110
	1

	6
	40
	20
	6.24
	2.076
	48.47
	110
	1

	Total
	410
	205
	210.12
	70.748
	
	
	4









5- Fifth network

	# of Branch
	Length (KM)
	Distance (KM)
	P (MW)
	Q (MVAR)
	V cal (KV)
	V st (KV)
	# of T.R

	1
	150
	75
	40.6
	14.15
	121.05
	220
	0

	2
	130
	65
	56.54
	19.66
	137.08
	220
	0

	3
	40
	20
	16.6
	5.15
	75.46
	110
	1

	4
	90
	45
	10.2
	3.32
	62.47
	110
	1

	5
	60
	30
	29.94
	5.596
	99.916
	110
	1

	6
	60
	30
	6.24
	2.076
	48.47
	110
	1

	Total
	510
	225
	210.12
	49.952
	
	
	4







6- Sixth network

	[bookmark: OLE_LINK20][bookmark: OLE_LINK21]# of Branch
	Length (KM)
	Distance (KM)
	P (MW)
	Q (MVAR)
	V cal (KV)
	V st (KV)
	# of T.R

	1
	150
	40
	70.54
	23.066
	144.4
	220
	0

	2
	130
	65
	97.14
	33.816
	172.928
	220
	0

	3
	40
	20
	46.54
	14.066
	112.7
	220
	0

	4
	60
	30
	16.44
	5.396
	78.28
	110
	1

	5
	60
	30
	29.94
	8.916
	99.416
	110
	1

	6
	40
	20
	6.24
	2.076
	49.09
	110
	1

	Total
	470
	235
	266.84
	87.336
	
	
	3









· Radial schematics which is 3 designs:
7- The seventh network

	[bookmark: OLE_LINK22][bookmark: OLE_LINK23]# of Branch
	Length (KM)
	Distance (KM)
	P (MW)
	Q (MVAR)
	V cal (KV)
	V st (KV)
	# of T.R

	1
	150
	75
	34.2
	12.52
	111.98
	220
	0

	2
	130
	65
	26.6
	10.75
	99.17
	110
	1

	3
	160
	80
	40.139
	15.15
	120.8
	220
	0

	4
	50
	25
	10.2
	3.32
	61.4
	110
	1

	V3-5
	50
	50
	11.773
	5
	66
	110
	1

	V3-6
	40
	40
	7.966
	3.553
	55.5
	110
	1

	V5-6
	20
	20
	3.8
	1.446
	38.266
	110
	1

	Total
	600
	355
	266.84
	51.739
	
	
	5








8- The eighth network

	# of Branch
	Length (KM)
	Distance (KM)
	P (MW)
	Q (MVAR)
	V cal (KV)
	V st (KV)
	# of T.R

	1
	150
	75
	55.145
	19.834
	138.673
	220
	0

	2
	130
	65
	46.34
	16.346
	127.34
	220
	0

	V1-3
	20
	20
	15.573
	7.34
	73.4
	110
	1

	V1-4
	25
	25
	11.226
	6.08
	64.2
	110
	1

	V3-4
	30
	30
	4.346
	1.25
	41.1
	110
	1

	5
	60
	30
	19.74
	5.596
	83.5
	110
	1

	6
	40
	20
	6.24
	2.076
	48.47
	110
	1

	Total
	455
	256
	266.84
	57.406
	
	
	5







9- The ninth network

	[bookmark: OLE_LINK26][bookmark: OLE_LINK27]# of Branch
	Length (KM)
	Distance (KM)
	P (MW)
	Q (MVAR)
	V cal (KV)
	V st (KV)
	# of T.R

	V3-1
	20
	20
	21.62
	7.38
	84.42
	110
	1

	2
	130
	65
	112.48
	38.332
	182.57
	220
	0

	3
	60
	30
	59.9
	19.19
	130.85
	220
	0

	V3-4
	30
	30
	12.52
	3.98
	68
	110
	1

	V1-4
	25
	25
	9.16
	3.4
	58.42
	110
	1

	5
	60
	30
	19.74
	5.596
	83.53
	110
	1

	6
	40
	20
	6.24
	2.076
	48.47
	110
	1

	[bookmark: _Hlk260869166]Total
	365
	220
	241.66
	79.95
	
	
	5






Now for the table of all systems:
	# of network
	Length (KM)
	Distance (KM)
	P (MW)
	Q (MVAR)
	# of T.R

	1
	480
	240
	179.86
	59.468
	4

	2
	510
	255
	245.7
	55.354
	4

	3
	540
	270
	166.36
	53.354
	4

	4
	410
	205
	210.12
	70.748
	4

	5
	510
	225
	210.12
	49.952
	4

	6
	470
	235
	266.84
	87.336
	3

	7
	600
	355
	266.84
	51.739
	5

	8
	455
	256
	266.84
	57.406
	5

	9
	365
	220
	241.66
	79.95
	5



From this table we will choose 4 networks to be studied in the first semester and these networks are:
1- Network #1 because it has the smallest length.
2- Network #4 because it has the smallest length.
3- Network #8 which is ring and it has the smallest length.
4- Network #9 which is ring and it has the smallest length.












[bookmark: _Toc279238677]Chapter Four
Technical & Economical study




In this chapter we will study the four network that we chose in the previous chapter to select the economical design for this distribution points, so we going to calculate the cost for all  networks that’s includes the component and running cost :
1- Cost of transformers. 
2- Cost of transmission lines. 
3- Cost of switchgears, C.B and bus-bar isolation.
4- Cost of maintenance.
5- Cost of the power lost in the component. 
Form the pervious points we will achieve the most economical network , and to do so we should select the transformers, T.L ,and switchgears. 

[bookmark: _Toc279238678]3.1-Selection of transformers:-

          The selection of transformers depends on the rated apparent power that flows in the transformers (S).
 To insure reliability of the transformation, two transformers are used so we can select less capacity for each transformer. and we select the transformer to bear a 40% over its normal lead, so when a fault accurse in one of the transformers we can do the maintenance without affecting the power flow in the network or the bus. 

In the selection we will take in consideration that 70% of the power flows in one transformer . so  
Snom(transformer)= 0.7 of Snom(lead)   Snom(transformer)= Snom(lead)\ 1.4.
 
From sertin tables we will select the transformer depending in Snom(transformer) and get the operating voltage of that transformer and resistance, reactance , excitation branch in(VAR) and the power loss in Rc , Xm (W).





    ** Selection of transformers in network #1 
 The following calculations represent the selection of transformers used in network #1.


· Transformer at bus 1:
this transformer will convert the 220 (kv) – 6.6(kv).
So 
Snom(transformer)=
Snom(bus1) =25.6 MVA

Snom(transformer)=

Snom(transformer)= 18.29 MVA 

At 220 (KV) transformer from the tables will be rated at 40 (MVA) .
VH\ VL= 230\6.6 (KV).
RT=5.6 Ω  ,  XT=158.7 Ω .
∆PO.C=0.005 MW  , ∆QO.C=0.36 MVAR.

· Transformer at bus A:
this transformer will convert the 220 (kv) – 110(kv).
So 
Snom(transformer)=
Snom(bus1) =28.69 MVA

Snom(transformer)=

Snom(transformer)= 20.64 MVA 

At 220 (KV) transformer from the tables will be rated at 25 (MVA) .
VH\ VL= 230\110 (KV).
RT=2.54 Ω  ,  XT=55.9 Ω .
∆PO.C=0 MW  , ∆QO.C=0.36 MVAR.





· Transformer at bus 2:
This transformer will convert the 110 (kv) – 6.6(kv).
So 
Snom(transformer)=
Snom(bus2) =28.69 MVA

Snom(transformer)=

Snom(transformer)= 20.642 MVA 

At 110 (KV) transformer from the tables will be rated at 25 (MVA) .
VH\ VL= 115\6.5 (KV).
RT=2.54 Ω, XT=55.9 Ω .
∆PO.C=0.027 MW, ∆QO.C=0.175 MVAR.

· Transformer at bus 3:
This transformer will convert the 220 (kv) – 6.6(kv).
So 
Snom(transformer)=
Snom(bus3) =

Snom(bus3)=48.616 MVA

Snom(transformer)=

Snom(transformer)= 34.727 MVA 

At 220 (KV) transformer from the tables will be rated at 40 (MVA) .
VH\ VL= 230\121\6.6 (KV).
RTH=1.4 Ω,RTM=1.4Ω, RTL=2.8Ω
 XTH=104 Ω, XTM=0,XTL=195.6 Ω .
∆PO.C=0.045 MW, ∆QO.C=0.315 MVAR.








· Transformer at bus 4:
This transformer will convert the 110 (kv) – 6.6(kv).
So 
Snom(transformer)=
Snom(bus3) =10.73 MVA

Snom(transformer)=

Snom(transformer)= 7.664 MVA 

At 110 (KV) transformer from the tables will be rated at 10 (MVA) .
VH\ VL= 115\6.6 (KV).
RT=7.95 Ω, XT=139 Ω .
∆PO.C=0.014 MW, ∆QO.C=0.070 MVAR.

· Transformer at bus 5:
This transformer will convert the 110 (kv) – 6.6(kv).
So 
Snom(transformer)=
Snom(bus5) =13.95 MVA

Snom(transformer)=

Snom(transformer)= 9.964 MVA 

At 110 (KV) transformer from the tables will be rated at 10 (MVA) .
VH\ VL= 115\6.6 (KV).
RT=7.95 Ω, XT=139 Ω .
∆PO.C=0.014 MW, ∆QO.C=0.070 MVAR.












· Transformer at bus 6:
This transformer will convert the 110 (kv) – 6.6(kv).
So 
Snom(transformer)=
Snom(bus2) =6.58 MVA

Snom(transformer)=

Snom(transformer)= 4.664 MVA 

At 110 (KV) transformer from the tables will be rated at 6.3 (MVA) .
VH\ VL= 115\6.6 (KV).
RT=14.7 Ω  ,  XT=220.4 Ω .
∆PO.C=0.0115 MW  , ∆QO.C=0.0504 MVAR.

In table (3.1) all the information needed to select the transformers of network #1 

	Transformer
	Sload (MVA)
	S nom (MVA)
	Standard S (MVA)
	Type of transformer 
	VH\VL (KV)
	RT(Ω)
	XT(Ω)
	PO.C
(MW)
	QO.C
(MVAR)

	A
	28.69
	20.64
	63
	3-winding
	VH=230
	RTH=1.4
	XTH=104
	0.045
	0.315

	
	
	
	
	
	VM=121
	RTM=1.4
	XTM=0
	
	

	
	
	
	
	
	VL=O.C
	RTL=2.8
	XTL=195.6
	
	

	1
	25.6
	18.29
	40
	2-winding
	230\6.6
	5.6
	158.7
	0.005
	0.36

	2
	28.69
	20.642
	25
	2-winding
	115\6.5
	2.54
	55.9
	0.027
	0.175

	3
	48.619
	34.727
	63
	3-winding
	VH=230
	RTH=1.4
	XTH=104
	0.045
	0.315

	
	
	
	
	
	VM=121
	RTM=1.4
	XTM=0
	
	

	
	
	
	
	
	VL=6.6
	RTL=2.8
	XTL=195.6
	
	

	4
	10.73
	7.664
	10
	2-winding
	115\6.6
	7.95
	139
	0.014
	0.07

	5
	13.95
	9.964
	10
	2-winding
	115\6.6
	7.95
	139
	0.014
	0.07

	6
	6.58
	4.664
	6.3
	2-winding
	115\6.6
	14.7
	220.4
	0.0115
	0.0504


Table (3.1)











In table (3.2) all the information needed to select the transformers of network #4

	Transformer
	Sload (MVA)
	S nom (MVA)
	Standard S (MVA)
	Type of transformer
	VH\VL (KV)
	RT(Ω)
	XT(Ω)
	PO.C
(MW)
	QO.C
(MVAR)

	1
	53.72
	38.37
	63
	3-winding
	VH=230
	RTH=1.4
	XTH=104
	0.005
	0.36

	
	
	
	
	
	VM=121
	RTM=1.4
	XTM=0
	
	

	
	
	
	
	
	VL=6.6
	RTL=2.8
	XTL=195.6
	
	

	2
	115.19
	82.28
	125
	3-winding
	VH=230
	RTH=0.5
	XTH=48.6
	0.085
	0.625

	
	
	
	
	
	VM=121
	RTM=0,5
	XTM=0
	
	

	
	
	
	
	
	VL=6.6
	RTL=1.0
	XTL=82.8
	
	

	3
	17.38
	12.41
	16
	2-winding
	115\6.6
	4.38
	86.7
	0.019
	0.112

	4
	10.73
	7.664
	10
	2-winding
	115\6.6
	7.95
	139
	0.014
	0.07

	5
	13.95
	9.964
	10
	2-winding
	115\6.6
	7.95
	139
	0.014
	0.07

	6
	6.58
	4.664
	6.3
	2-winding
	115\6.6
	14.7
	220.4
	0.0115
	0.0504


Table (3.2)


In table (3.3) all the information needed to select the transformers of network #8

	Transformer
	Sload (MVA)
	S nom (MVA)
	Standard S (MVA)
	Type of transformer
	VH\VL (KV)
	RT(Ω)
	XT(Ω)
	PO.C
(MW)
	QO.C
(MVAR)

	1
	58.6
	41.85
	63
	3-winding
	VH=230
	RTH=1.4
	XTH=104
	0.005
	0.36

	
	
	
	
	
	VM=121
	RTM=1.4
	XTM=0
	
	

	
	
	
	
	
	VL=6.6
	RTL=2.8
	XTL=195.6
	
	

	2
	49.13
	35.098
	63
	3-winding
	VH=230
	RTH=0.5
	XTH=48.6
	0.085
	0.625

	
	
	
	
	
	VM=121
	RTM=0,5
	XTM=0
	
	

	
	
	
	
	
	VL=6.6
	RTL=1.0
	XTL=82.8
	
	

	3
	17.38
	24.82
	25
	2-winding
	115\6.5
	2.54
	55.9
	0.027
	0.175

	4
	10.73
	15.328
	16
	2-winding
	115\6.5
	4.38
	86.7
	0.019
	0.112

	5
	13.95
	9.964
	10
	2-winding
	115\6.6
	7.95
	139
	0.014
	0.07

	6
	6.58
	4.664
	6.3
	2-winding
	115\6.6
	14.7
	220.4
	0.0115
	0.0504


Table (3.3)




In table (3.4) all the information needed to select the transformers of network #9

	Transformer
	Sload (MVA)
	S nom (MVA)
	Standard S (MVA)
	Type of transformer 
	VH\VL (KV)
	RT(Ω)
	XT(Ω)
	PO.C
(MW)
	QO.C
(MVAR)

	1
	25.6
	36.57
	40
	2-winding
	115\6.3
	1.40
	34.7
	0.036
	0.26

	2
	118.83
	84.88
	125
	3-winding
	VH=230
	RTH=0.5
	XTH=48.6
	0.085
	0.625

	
	
	
	
	
	VM=121
	RTM=0.5
	XTM=0
	
	

	
	
	
	
	
	VL=6.6
	RTL=1.0
	XTL=82.8
	
	

	3
	63.2
	45.08
	63
	3-winding
	VH=230
	RTH=1.4
	XTH=195.6
	0.045
	0.315

	
	
	
	
	
	VM=121
	RTM=1.4
	XTM=0
	
	

	
	
	
	
	
	VL=6.6
	RTL=2.8
	XTL=104
	
	

	4
	10.73
	15.328
	16
	2-winding
	115\6.6
	4.38
	86.7
	0.019
	0.112

	5
	13.95
	9.964
	10
	2-winding
	115\6.6
	7.95
	139
	0.014
	0.07

	6
	6.58
	4.664
	6.3
	2-winding
	115\6.6
	14.7
	220.4
	0.0115
	0.0504


Table (3.4)

The following table shows the rated apparent power of transformers in each network and the total apparent in each network. 
	Network
bus
	1
	4
	8
	9

	1
	40
	63
	63
	40

	2
	25
	125
	63
	125

	3
	63
	16
	25
	16

	4
	10
	10
	16
	16

	5
	10
	10
	10
	10

	6
	6.3
	6.3
	6.3
	6.3

	total
	154.3
	230.3
	183.3
	213.3








[bookmark: _Toc279238679]3.2- selection of transmission lines:-
         In this section we will calculate the cross section of the conductors that will carry the power from the power sours to the substation, and the conductors that we will use is an Aluminum conductors because of its advantage on the other conductors. The type of the Aluminum being used is ACSR(Aluminum conductor steel reinforced), and all the conductors are overhead T.L.
Selection of transmission lines depends on the current flows in it, and we select the cross sectional area of the T.L. and we will use tables to determine the T.L, and we will find the current flow using this equation:
Inom= 
But we should take in consideration the current that flows after the fault. Because when the fault occurs one of the lines will be off so the current will flow in the other line so
Imax T.L= Inom  
 I worst case= Imax T.L= Inom  * 2
And to insure that the corona losses will be minimum, we will take the minimum cross sectional for the T.L with 110 KV is 70 mm2 , and for 220 KV is 240 mm2.
And from the tables we will get the total resistances, total inductive reactance and total capacitive reactance.
And we will take in consideration the double line that will make the resistance and the inductance half and the capacitance the double. 





Now we will start with network #1 .
 **Branch A-1 
Inom=  = 195.2 A
I worst case = Imax T.L= Inom  * 2=195.5*2=390.5
From the table the cross section area will be 240 mm2.
From tables R0=6.05 Ω , X0=21.75 , Y0=5.2 * (S).
**Branch A-2 
Inom=  = 150.58 A
I worst case = Imax T.L= Inom  * 2=150.58*2=301A
From the table the cross section area will be 95 mm2.
From tables R0=15.3 Ω , X0=21.75 , Y0=5.22 * (S).
**Branch 1-3
Inom=  = 127.59 A
I worst case = Imax T.L= Inom  * 2=127.59*2=255.1 A
From the table the cross section area will be 240 mm2.
From tables R0=6.05 Ω , X0=21.75 , Y0=5.2 * (S).
**Branch 3-4 
Inom=  = 56.3 A
I worst case = Imax T.L= Inom  * 2=56.3*2=112.6
From the table the cross section area will be 70 mm2.
From tables R0=21.4 Ω , X0=22.2 , Y0=5.1 * (S).


**Branch 3-5 
Inom=  = 107.69 A
I worst case = Imax T.L= Inom  * 2=107.69*2=215 A
From the table the cross section area will be 70 mm2.
From tables R0=21.4 Ω , X0=22.2 , Y0=5.1 * (S).
**Branch 5-6
Inom=  = 34.5 A
I worst case = Imax T.L= Inom  * 2=34.5*2=69.07
From the table the cross section area will be 70 mm2.
From tables R0=21.4 Ω , X0=22.2 , Y0=5.1 * (S).
In table (3.5a) illustration of the pervious results 
	Branch
	Distance(KM)
	Vnom (kV)
	Inom(A)
	I worst case (A)
	Cross section (mm2)

	A-1
	75
	220
	195.2
	390.5
	240

	A-2
	65
	110
	150.58
	301
	95

	1-3
	20
	220
	127.59
	255.1
	240

	3-4
	30
	110
	56.3
	112.6
	70

	3-5
	30
	110
	107.69
	215
	70

	5-6
	20
	110
	34.5
	69.07
	70


Table (3.5a)
In table (3.5b) shows the resistance, inductance and capacitance
	Branch 
	Cross section (mm2) 
	R0(Ω)
	X0(Ω)
	Y0(S)

	A-1
	240
	6.05
	21.75
	5.2 *

	A-2
	95
	15.3
	21.7
	5.22 * 

	1-3
	240
	6.05
	21.75
	5.2 *

	3-4
	70
	21.4
	22.2
	5.1*

	3-5
	70
	21.4
	22.2
	5.1 *

	5-6
	70
	21.4
	22.2
	5.1 *


Table (3.5b)

The following tables for network #4 (table 3.6a)
	Branch
	Distance(KM)
	Vnom (kV)
	Inom(A)
	I worst case (A)
	Cross section (mm2)

	A-2
	65
	220
	269.83
	539.66
	300

	2-1
	40
	220
	140.9
	281.95
	240

	1-3
	20
	110
	147.5
	295.04
	95

	3-4
	30
	110
	56.3
	112.6
	70

	2-5
	30
	110
	107.69
	215.38
	70

	5-6
	20
	110
	34.5
	69.07
	70


Table (3.6a)
In table (3.6b) shows the resistance, inductance and capacitance
	Branch
	Cross section (mm2)
	R0(Ω)
	X0(Ω)
	Y0(S)

	A-2
	300
	4.9
	21.45
	5.28 *

	2-1
	240
	6.05
	21.75
	5.2 *

	1-3
	95
	15.3
	21.7
	5.22 *

	3-4
	70
	21.4
	22.2
	5.1*

	2-5
	70
	21.4
	22.2
	5.1 *

	5-6
	70
	21.4
	22.2
	5.1 *


Table (3.6b)
The following tables for network #8 (table 3.7a)
	Branch
	Distance(KM)
	Vnom (kV)
	Inom(A)
	I worst case (A)
	Cross section (mm2)

	A-1
	75
	220
	244.1
	288.32
	240

	A-2
	65
	220
	199.97
	400
	240

	1-4
	25
	110
	Imax fault=113.85
	113.85
	70

	1-3
	20
	
	
	
	

	3-4
	30
	
	
	
	

	2-5
	30
	110
	145.2
	284
	95

	5-6
	20
	110
	34.5
	69.07
	70


Table (3.7a)
In table (3.7b) shows the resistance, inductance and capacitance
	Branch
	Cross section (mm2)
	R0(Ω)
	X0(Ω)
	Y0(S)

	A-1
	240
	6.05
	21.75
	5.2 *

	A-2
	240
	6.05
	21.75
	5.2 *

	1-4
	70
	21.4
	22.2
	5.1*

	1-3
	
	
	
	

	3-4
	
	
	
	

	2-5
	95
	15.3
	21.7
	5.22 *

	5-6
	70
	21.4
	22.2
	5.1*


Table (3.7b)
The following tables for network #9 (table 3.8a)
	Branch
	Distance(KM)
	Vnom (kV)
	Inom(A)
	I worst case (A)
	Cross section (mm2)

	A-2
	65
	220
	311.85
	623.7
	300

	2-3
	30
	220
	63.122
	165.65
	240

	4-1
	25
	110
	Imax fault=171.17
	171.17
	70

	3-1
	20
	
	
	
	

	3-4
	30
	
	
	
	

	2-5
	30
	110
	145.2
	284
	95

	5-6
	20
	110
	34.5
	69.07
	70


Table (3.8a)
In table (3.8b) shows the resistance, inductance and capacitance
	Branch
	Cross section (mm2)
	R0(Ω)
	X0(Ω)
	Y0(S)

	A-2
	300
	4.9
	21.45
	5.28 *

	2-3
	240
	6.05
	21.75
	5.2 *

	4-1
	70
	21.4
	22.2
	5.1*

	3-1
	
	
	
	

	3-4
	
	
	
	

	2-5
	95
	15.3
	21.7
	5.22 *

	5-6
	70
	21.4
	22.2
	5.1*


Table (3.8b)













[bookmark: _Toc279238680]3.3. Selection of Switch gear:-

       The switch gears are located at the load buses and contain:
1- Circuit breakers and isolators.
2- Bus bars.
3- Transformers.
Choosing the switch gear depend on several factors such as operating voltage, number of lines that can be connected through the S.G and the possibility to link other lines in the future, and in the location of the S.G in the network.
Selection of S.G. for network #1.
** Switch gear at bus #1:
    This bus operates at 220 kv and it's transformers convert to 6.6 kv, and the number of lines connected to the bus is 4 lines, depending in the previous conditions the suitable S.G is #11 it operates at 220\110 and the number of lines can be connected is >4.
**Switch gear at bus#2:
   This bus operates at 110 kv and it's in the end of the line, and the S.G that used in the end of the network is # 4.
**Switch gear at bus#3:
This bus contain a 3-winding transformer, in the high tension side we need a 2 line switch gear to change from (220-6.6)kv, so we chose S.G #5
And for the medium tension we need a 4 lines S.G so we chose S.G # 11
**Switch gear at bus#4:
   This bus operates at 110 kv and it's in the end of the line, and the S.G that used in the end of the network is # 4.

**Switch gear at bus#5:
      This bus operates at 110 kv and we have a 4 lines connected to it so we chose S.G #11.
**Switch gear at bus#4:
        This bus operates at 110 kv and it's in the end of the line, and the S.G that used in the end of the network is # 4.

 In the same way we chose the switch gears for the other networks and this tables shows the S.G that used in the other networks.
 Table (3.9) Network #1
	The bus
	Operating voltage
	# of S.G

	1
	220
	11

	2
	110
	4

	3
	H.T 220
M.T 110
	5

	
	
	11

	4
	110
	4

	5
	110
	11

	6
	110
	4


Table (3.9)
Table (3.10) Network #4
	The bus
	Operating voltage
	# of S.G

	1
	H.T 220
	5

	
	M.T 110
	5

	2
	H.T 220
	11

	
	M.T 110
	5

	3
	110
	11

	4
	110
	4

	5
	110
	11

	6
	110
	4


Table (3.10)


Table (3.11) Network #8
	The bus
	Operating voltage
	# of S.G

	1
	H.T 220
	5

	
	M.T 110
	5

	2
	H.T 220
	5

	
	M.T 110
	5

	3
	110
	5

	4
	110
	5

	5
	110
	11

	6
	110
	4


Table (3.11)
Table (3.12) Network #9
	The bus
	Operating voltage
	# of S.G

	1
	110
	5

	2
	H.T 220
	11

	
	M.T 110
	5

	3
	H.T 220
	5

	
	M.T 110
	5

	4
	110
	5

	5
	110
	11

	6
	110
	4


Table (3.12)









[bookmark: _Toc279238681]3.4. The economical study:

After we select the component of the network we are going to study these networks from economic point of view, in this situation the study will take to parts:
1- The capital cost: This paid when creating the network, including the cost of transformers, T.L, switch gear and measuring equipment.
2- The running cost: which paid continuously, that includes the maintenance and the losses in the network. 

And to calculate the capital and running cost we will use this equation:
Z= EN*K + I
Where:
Z: expenses per year in Ruble \year
K: the capital cost in Ruble
En: Depreciation factor = 0.2
I: operational and maintenance cost per year .
In this project we will use the Ruble because we use a Russian reference.
For the first network we will discuss in detail.






[bookmark: _Toc279238682]3.4.1: Capital cost 
Calculation of network # 1
1- Cost of the transmission lines :
     The cost of transmission lines per KM depends on :
1- The voltage at which the line operates.
2- The cross sectional area of the conductors. 
3- Number of lines being connected.


Table (3.13) showing the calculation of transmission lines in network #1.
	Branch
	Length (KM)
	Voltage (KV)
	Cross-sectional area (mm2)
	Cost \KM (103*Ruble)
	Total cost  (103*Ruble)

	A-1
	150
	220
	240
	27.8
	4170

	A-2
	130
	110
	95
	16.9
	2197

	1-3
	40
	220
	240
	27.8
	1112

	3-4
	60
	110
	70
	15.8
	948

	3-5
	60
	110
	70
	15.8
	948

	5-6
	40
	110
	70
	15.8
	632

	TOTAL
	
	
	
	
	10,007


Table (3.13)
From the table we can see that the total cost of the T.L at network #1 equal to:
KT.L=10,007 *103 Ruble 







2- Cost of the transformers:
The cost of transformers depends on :
1- The rated power of the transformer.
2- The voltage of the transformer should operate.

Table (3.14) shows the calculation of the transmission lines at network #1.
	Load Bus
	Number of T.Rs 
	S nom (MVA)
	voltage
	Cost \T.R
(103*Ruble)
	Total cost  (103*Ruble)

	1
	2
	40
	220
	169
	338

	2
	2
	25
	110
	66
	132

	3
	2
	63
	220
	159
	318

	4
	2
	10
	110
	54
	108

	5
	2
	10
	110
	54
	108

	6
	2
	6.3
	110
	49
	98

	A
	2
	63
	220
	159
	318

	Total
	
	
	
	
	1420


Table (3.14)

Later, for the calculation we need to separate the cost of the T.R in two parts, one in 220 KV and the other on 110 KV.
The cost of T.R that operate at 220 KV:
KT.R(220KV)=338+318+318 =974* 103  Ruble 

The cost of the T.R that operate at 110KV:
KT.R(110KV)=132+108+108+98 =446* 103  Ruble. 

The total cost will be KT.R=1420 * 103  Ruble.








3- The cost of the switch gear and the auxiliary requirements :
        Both of S.G and the auxiliary requirement depends on the S.G being used on the bus and on the voltage at which the S.G operates. 
        The cost of the auxiliary requirements includes the cost of lighting, control, measuring instruments, land and building, communication devices and others.

Table (3.15) shows the cost of S.G and the auxiliary requirements.    
	Bus #
	Switchgear #
	Voltage (KV)
	Cost of S.G(103*Ruble)
	K constant

	1
	#11
	220
	595
	-

	2
	#4
	110
	36.3
	130

	3
	#5 at H.T
	220
	180
	520

	
	# 11 at M.T
	110
	294
	290

	4
	#4
	110
	36.3
	130

	5
	#11
	110
	294
	290

	6
	#4
	110
	36.3
	130

	Total 
	
	
	1471.9
	1490


Table (3.15)
Now for the purpose of calculation we separate the cost of the H.T from the M.T 

The cost of S.G that operate at 220 KV:
KS.G(220KV)=595+180 =775* 103  Ruble.

The cost of the S.G that operate at 110KV:
KS.G(110KV)=36.3+294+36.3+294+36.3 =696.9* 103  Ruble.

The cost of auxiliary requirements that operate at 220 KV:
K K.Constant(220KV)= 520* 103  Ruble.

The cost of auxiliary requirements that operate at 110 KV:
K K.Constant(110KV)=970 * 103  Ruble.




Now the total cost of the substation will be the sum of the transformers, S.G and the K constant in the H.T and in M.T

K Sub(220KV)=KS.G+KT.R+KK CONSTANT
K Sub(220KV)= 775+520 +974 =2269* 103  Ruble.

K Sub(110KV)=KS.G+KT.R+KK CONSTANT
K Sub(110KV)= 446+696.9+970 =2112.9* 103  Ruble.

Now the total substation cost will equal the sum of K Sub(220KV) and
K Sub(110KV).
· Ksub  = K Sub(220KV) +K Sub(110KV) 
Ksub= 2269+2112.9 =4381.9 * 103  Ruble.

The capital cost will be:
K = KSUB + KT.L
K=4381.9 +10007 =14388.9 * 103  Ruble.




















[bookmark: _Toc279238683]3.4.2: Running cost 

            This cost contains the prices which must be paid continuously for the operation and maintenance on the different parts of the network; this will be calculated as a fraction of the capital cost, also this cost contains the losses in the T.L and T.R.

 So the cost will be calculated as in the following equation:
     I = IT.L + I SUB + I ∆w .
Where:
I : Operational and maintenance cost .
IT.L : cost of the maintenance of T.L.
I SUB: cost of maintenance of substation.
I ∆w : cost of losses per year.
 It's found that running cost of the T.L that include maintenance and operation is 2.8% from the capital cost of the T.L. and for the substation it's found that  running cost of the H.T (220 KV) side  is 7.8% and for the M.T (110 KV) side is 8.8 % . So the previous relation can be written as :
     I = (n* KT.L) + (m*K sub)+ Z losses.
Where:
n:maintenance factor for the T.L.
m: maintenance factor for the substation.
K T.L: capital cost of T.L.
K sub: capital cost of substation.
Z losses: the total losses per year.
Z losses stands for the cost of energy losses in transmission and transformers, which is the energy lost multiplied by the cost of 1 MWH.
· Z losses= z L * (∆W1 +∆W2)
z L = 160 Ruble \ MWH . 

Where:
∆W1: variable losses dependent on the load in MWH.
∆W2: constant losses independent on the load in MWH.

∆W2 occur in the excitation branch of the transformers so:
∆W2= T *O.C
Where:
T:  total time for operating which is equal to 8760 hours.
∆ P O.C : losses in excitation branch of the transformer in MW.

∆W1: the variable losses dependant in losses in the T.L and the T.R that we can get it from this equation:
∆W1= Ʈ ( T.L +  T.R) 
Where:
Ʈ: is the time factor which depends on Tmax that we can get from this equation. Ʈ=(0.124 + Tmax*10-4 ) *8760 ,where Tmax her equal 4000 H.
∆PT.L: power losses in the transmission lines which we can get from this equation. 
        ∆PT.L=* R where:
                         P: real power to be transmitted through the T.L.
                        Q: reactive power to be transmitted through the T.L.                                                                              
                         V: voltage at the end of the line where P and Q
                         R: resistance of line in Ω.
∆PT.R: power losses occur in the transformer which we can get from this equation.
                ∆PT.R= RH   where: 
                          P: real power flowing through the transformer.
                          Q: reactive power flowing through the transformer.
                          V: the voltage at the high tension of the T.R.
                                    RH: equivalent resistance of the T.R refers to H.T. 
From the previous equation for the power losses in the T.L. we obtain table (3.16):

	Branches
	Voltage (KV)
	P+jQ (MVA)
	R (Ω)
	∆PT.L(MW) 

	A-1
	220
	70.54+j23.66
	6.05
	0.6916

	A-2
	110
	26.6+j10.75
	15.3
	0.898

	1-3
	220
	46.54+j14.066
	6.05
	0.297

	3-4
	110
	10.2+j3.32
	21.4
	0.203

	3-5
	110
	19.74+j5.596
	21.4
	0.7445

	5-6
	110
	6.24+j2.076
	21.4
	0.076

	Total
	
	
	
	2.9101


Table (3.16)

And from previous equations for the power loss in the T.R. we obtain table (3.17):

	Transformer #
	Voltage (KV)
	P+jQ (MVA)
	R(Ω)
	∆PT.R(MW)
	P O.C(MW)

	A
	220
	26.6+j10,75
	2.54
	0.0431
	0.027

	1
	220
	70.54+j23.66
	5.6
	0.64
	0.05

	2
	110
	26.6+j10.75
	2.54
	0.172
	0.027

	3
	220
	46.54+j14.066
	1.4
	0.068
	0.045

	
	220
	29.94+j2.916
	1.4
	0.026
	-

	
	220
	16.6+j5.15
	2.8
	0.175
	-

	4
	110
	10.2+j3.32
	7.95
	0.0755
	0.014

	5
	110
	19.74+j5.596
	7.95
	0.276
	0.014

	6
	110
	6.24+j2.076
	14.7
	0.052
	0.0115

	Total
	
	1.5276
	0.1885


Table (3.17)

After we found these tables we are going to use the equation we show previously starting with Ʈ.
Ʈ=(0.124 + Tmax*10-4) *8760 ,taking Tmax = 4000 hours 
 Ʈ = 2405 hours
After we found Ʈ we can find ∆W1 which is equal to:
∆W1= Ʈ ( T.L +  T.R)
        = 2405 (2.9101 + 1.5276) = 10,668.23 MW


After that we find ∆W2 which is equal to:
∆W2 = T *O.C
          = 8760 *0.1885 = 1651.26 MW.
After we found ∆W1 and ∆W2 we can found the cost of the energy loss which is equal to Z losses= z L * (∆W1 +∆W2) 
Z losses= 160 *(10,668.23 + 1651.26) = 1,971.12 * 103  Ruble
Now we will find the running cost which is equal to:
     I = (n* KT.L) + (m*K sub) + Z losses.
    I = (2.8% * 10007) + (7.8% *2269) + (8.8% * 2112.9) + 1971
    I = 280.196 + 176.982 +185.9352 + 3262.9 = 2614.2 * 103   Ruble.
After founding the running cost now we will find the total cost which is equal to: 
Z= EN*K + I
Z= (0.2 *14388.9) + 2614.2 = 5492*103   Ruble.










Calculation of the cost for network # 4 
· The capital cost 
1- Costs of transmission lines:
Table (3.18) shows the cost of the T.L 
	Branch
	Length (KM)
	Voltage (KV)
	Cross-sectional area (mm2)
	Cost \KM (103*Ruble)
	Total cost  (103*Ruble)

	A-2
	130
	220
	300
	30
	3900

	1-2
	80
	220
	240
	27.8
	2224

	2-5
	60
	110
	95
	16.9
	1014

	1-3
	40
	110
	70
	15.8
	632

	3-4
	60
	110
	70
	15.8
	948

	5-6
	40
	110
	70
	15.8
	632

	TOTAL
	
	
	
	
	9350


Table (3.18)
2- The cost of the transformers:
Table (3.19) shows the cost of the transformers 
	Load Bus
	Number of T.Rs 
	Snom (MVA)
	voltage
	Cost \T.R
(103*Ruble)
	Total cost  (103*Ruble)

	1
	2
	63
	220
	201
	402

	2
	2
	125
	220
	253
	506

	3
	2
	16
	110
	63
	126

	4
	2
	10
	110
	54
	108

	5
	2
	10
	110
	54
	108

	6
	2
	6.3
	110
	49
	98

	Total
	14
	
	
	
	1348


Table (3.19)
The cost of T.R that operate at 220 KV:
KT.R(220KV)= 908* 103  Ruble 

The cost of the T.R that operate at 110KV:
KT.R(110KV)=440* 103  Ruble. 

The total cost will be KT.R=1348 * 103  Ruble.







3- The cost of the switch gear and the auxiliary requirements :
Table (3.20) shows the cost of S.G and the auxiliary requirements.    
	Bus #
	Switchgear #
	Voltage (KV)
	Cost of S.G(103*Ruble)
	K constant

	1
	# 5 at H.T
	220
	180
	520

	
	#5 at M.T
	110
	75
	210

	2
	# 11 at H.T
	220
	595
	750

	
	#5 at M.T
	110
	75
	210

	3
	# 11 
	110
	294
	290

	4
	#4
	110
	36.3
	130

	5
	#11
	110
	294
	290

	6
	#4
	110
	36.3
	130

	Total 
	
	
	1585.6
	2400


Table (3.20)
The cost of S.G that operate at 220 KV:
KS.G(220KV)= 775* 103  Ruble.

The cost of the S.G that operate at 110KV:
KS.G(110KV)=774.3* 103  Ruble.

The cost of auxiliary requirements that operate at 220 KV:
K K.Constant(220KV)=1270* 103  Ruble.

The cost of auxiliary requirements that operate at 110 KV:
K K.Constant(110KV)=1130 * 103  Ruble.

Now the total cost of the substation will be the sum of the transformers, S.G and the K constant in the H.T and in M.T

K Sub(220KV)=KS.G+KT.R+KK CONSTANT
K Sub(220KV)= 775+908+1270 =2953* 103  Ruble.

K Sub(110KV)=KS.G+KT.R+KK CONSTANT
K Sub(110KV)= 774.3+440+1130 =2344.3* 103  Ruble.

Now the total substation cost will equal the sum of K Sub(220KV) and
K Sub(110KV).
· Ksub  = K Sub(220KV) +K Sub(110KV) 
Ksub= 2953+2344.3 =5297.3 * 103   Ruble.

The capital cost will be:
K = KSUB + KT.L
K=5297.3 +9350 =14647.3 * 103    Ruble.

· The running cost 

1- Losses in the transmission lines:
Table (3.21)shows the losses in the T.L
	Branches
	Voltage (KV)
	P+jQ (MVA)
	R (Ω)
	∆PT.L(MW) 

	A-2
	220
	97.1+j33.816
	4.9
			1.07

	2-1
	220
	50.8+j17.47
	6.05
	0.36

	2-5
	110
	19.74+j5.596
	21.4
	0.744

	1-3
	110
	26.8+j8.47
	15.3
	0.998

	3-4
	110
	10.2+j3.32
	21.4
	0.203

	5-6
	110
	6.24+j2.076
	21.4
	0.082

	Total
	
	
	
	3.457


Table (3.21)

2- Losses in the transformers  shown in table (3.22):

	Transformer #
	Voltage (KV)
	P+jQ (MVA)
	R(Ω)
	∆PT.R(MW)
	P O.C(MW)

	1
	220
	50.8+j17.47
	1.4
	0.083
	0.045

	
	220
	26.8+j8.47
	1.4
	0.0228
	-

	
	220
	24+j9
	2.8
	0.038
	-

	2
	220
	97.1+j55.816
	0.5
	0.109
	0.085

	
	220
	70.5+j23.066
	0.5
	0.056
	-

	
	220
	26.6+j10.75
	1
	0.17
	-

	3
	110
	26.8+j8.47
	4.38
	0.279
	0.019

	4
	110
	10.2+j3.32
	7.95
	0.0755
	0.014

	5
	110
	19.74+j5.596
	7.95
	0.276
	0.014

	6
	110
	6.24+j2.076
	14.7
	0.052
	0.0115

	Total
	
	1.1613
	0.1885


Table (3.22)

From previous Ʈ equal to 2405   then  we can find ∆W1 which is equal to:
∆W1= Ʈ ( T.L +  T.R)
        = 2405(3.457 + 1.1613) = 11,107 MW

After that we find ∆W2 which is equal to:
∆W2 = T *O.C
          = 8760 *0.1885 = 1651.26 MW.
After we found ∆W1 and ∆W2 we can found the cost of the energy loss which is equal to  Z losses= z L * (∆W1 +∆W2) 
Z losses= 160 *(11,107 + 1651.26) = 2,041.3 * 103  Ruble
Now we will find the running cost which is equal to:
     I = (n* KT.L) + (m*K sub)+ Z losses.
    I = (2.8% * 9350) +(7.8% *2953 )+(8.8% * 2344.3)+ 2,041.3
    I = 261.8+ 230.334 +206.298 + 2,041.3 = 2739.7 * 103   Ruble.
After founding the running cost now we will find the total cost which is equal to: 
Z= EN*K + I
Z= (0.2 * 14647.3) + 2739.7 = 5669.2 *103   Ruble














Calculation of the cost for network # 8
· The capital cost 
1- Costs of transmission lines:
Table (3.23) shows the cost of the T.L 
	Branch
	Length (KM)
	Voltage (KV)
	Cross-sectional area (mm2)
	Cost \KM (103*Ruble)
	Total cost  (103*Ruble)

	A-1
	150
	220
	240
	27.8
	4170

	A-2
	130
	220
	240
	27.8
	3614

	1-3
	20
	110
	70
	10.5
	210

	1-4
	25
	110
	70
	10.5
	262.5

	3-4
	30
	110
	70
	10.5
	315

	2-5
	60
	110
	95
	16.9
	1014

	5-6
	40
	110
	70
	15.8
	632

	TOTAL
	
	
	
	
	10217.5


Table (3.23)
2- The cost of the transformers:
Table (3.24) shows the cost of the transformers 
	Load Bus
	Number of T.Rs 
	Snom (MVA)
	voltage
	Cost \T.R
(103*Ruble)
	Total cost  (103*Ruble)

	1
	2
	63
	220
	201
	402

	2
	2
	63
	220
	201
	402

	3
	1
	25
	110
	66
	66

	4
	1
	16
	110
	63
	63

	5
	2
	10
	110
	54
	108

	6
	2
	6.3
	110
	49
	98

	Total
	
	
	
	
	1139


Table (3.24)
The cost of T.R that operate at 220 KV:
KT.R(220KV)= 804* 103  Ruble 

The cost of the T.R that operate at 110KV:
KT.R(110KV)=335* 103  Ruble. 

The total cost will be KT.R=1139 * 103  Ruble.







3- The cost of the switch gear and the auxiliary requirements :
Table (3.25) shows the cost of S.G and the auxiliary requirements.    
	Bus #
	Switchgear #
	Voltage (KV)
	Cost of S.G(103*Ruble)
	K constant

	1
	# 5 at H.T
	220
	180
	520

	
	#5 at M.T
	110
	75
	210

	2
	# 5 at H.T
	220
	180
	520

	
	#5 at M.T
	110
	75
	210

	3
	# 5 
	110
	75
	210

	4
	#5
	110
	75
	210

	5
	#11
	110
	294
	290

	6
	#4
	110
	36.3
	130

	Total 
	
	
	990.3
	2300


Table (3.25)
The cost of S.G that operate at 220 KV:
KS.G(220KV)= 360* 103  Ruble.

The cost of the S.G that operate at 110KV:
KS.G(110KV)=630.3* 103  Ruble.

The cost of auxiliary requirements that operate at 220 KV:
K K.Constant(220KV)=1040* 103  Ruble.

The cost of auxiliary requirements that operate at 110 KV:
K K.Constant(110KV)=1260 * 103  Ruble.

Now the total cost of the substation will be the sum of the transformers, S.G and the K constant in the H.T and in M.T

K Sub(220KV)=KS.G+KT.R+KK CONSTANT
K Sub(220KV)= 360+804+1040 =2204* 103  Ruble.

K Sub(110KV)=KS.G+KT.R+KK CONSTANT
K Sub(110KV)= 630.3+335+1260 =2225.3* 103  Ruble.

Now the total substation cost will equal the sum of K Sub(220KV) and
K Sub(110KV).
· Ksub  = K Sub(220KV) +K Sub(110KV) 
Ksub= 4429.3 * 103   Ruble.

The capital cost will be:
K = KSUB + KT.L
K=4429.3+10217.5 =14646.8 * 103    Ruble
· The running cost 

1- Losses in the transmission lines:
Table (3.26)shows the losses in the T.L
	Branches
	Voltage (KV)
	P+jQ (MVA)
	R (Ω)
	∆PT.L(MW) 

	A-1
	220
	55.145+j19.834
	6.05
			0.43

	A-2
	220
	46.34+j16.346
	6.05
	0.3

	1-3
	110
	15.573+j7.34
	42.8
	1.04

	1-4
	110
	11.226+j6.08
	42.8
	0.57

	3-4
	110
	4.346+j1.25
	42.8
	0.07

	2-5
	110
	19.74+j5.596
	15.3
	0.532

	5-6
	110
	6.24+j2.076
	21.4
	0.076

	Total
	
	
	
	3.018


Table (3.26)

2- Losses in the transformers shown in table (3.27) :

	Transformer #
	Voltage (KV)
	P+jQ (MVA)
	R(Ω)
	∆PT.R(MW)
	P O.C(MW)

	1
	220
	55.145+j19.83
	1.4
	0.0993
	0.045

	
	220
	31.145+j10.83
	1.4
	0.0314
	-

	
	220
	24+j9
	2.8
	0.038
	-

	2
	220
	46.34+j16.346
	1.4
	0.0698
	0.045

	
	220
	20.26+j5.595
	1.4
	0.0128
	-

	
	220
	26.6+j10.75
	2.8
	0.0476
	-

	3
	110
	19.919+j8.59
	2.54
	0.098
	0.027

	4
	110
	15.572+j7.33
	4.38
	0.107
	0.019

	5
	110
	19.74+j5.596
	7.95
	0.277
	0.014

	6
	110
	6.24+j2.076
	14.7
	0.0535
	0.0115

	Total
	
	0.834
	0.1615


Table (3.27)

From previous Ʈ equal to   then  we can find ∆W1 which is equal to:
∆W1= Ʈ ( T.L +  T.R)
        = 2405 (3.018 + 0.834) = 9264.1 MW

After that we find ∆W2 which is equal to:
∆W2 = T *O.C
          = 8760 *0.1615 = 1414.74 MW.
After we found ∆W1 and ∆W2 we can found the cost of the energy loss which is equal to  Z losses= z L * (∆W1 +∆W2) 
Z losses= 160 *(9264.1 + 1414.72) =1708.6* 103  Ruble
Now we will find the running cost which is equal to:
     I = (n* KT.L) + (m*K sub)+ Z losses.
    I = (2.8% * 10217.5) +(7.8% *2204 )+(8.8% * 2225.3)+ 1708.6
    I = 286.09+ 171.9 +195.8 + 1708.6= 2362.4 * 103   Ruble.
After founding the running cost now we will find the total cost which is equal to: 
Z= EN*K + I
Z= (0.2 *14646.8) + 2362.4 = 5291.6 *103   Ruble.













Calculation of the cost for network # 9
· The capital cost 
1- Costs of transmission lines:
Table (3.28) shows the cost of the T.L 
	Branch
	Length (KM)
	Voltage (KV)
	Cross-sectional area (mm2)
	Cost \KM (103*Ruble)
	Total cost  (103*Ruble)

	A-2
	130
	220
	300
	30
	3900

	2-3
	60
	220
	240
	27.8
	1668

	2-5
	60
	110
	95
	16.9
	1014

	5-6
	40
	110
	70
	15.8
	632

	3-1
	20
	110
	70
	10.5
	210

	3-4
	30
	110
	70
	10.5
	315

	1-4
	25
	110
	70
	10.5
	262.5

	TOTAL
	
	
	
	
	8001.5


Table (3.28)
2- The cost of the transformers:
Table (3.29) shows the cost of the transformers 
	Load Bus
	Number of T.Rs 
	Snom (MVA)
	voltage
	Cost \T.R
(103*Ruble)
	Total cost  (103*Ruble)

	1
	1
	40
	110
	88
	88

	2
	2
	125
	220
	200
	400

	3
	2
	63
	220
	193
	386

	4
	1
	16
	110
	63
	63

	5
	2
	10
	110
	54
	108

	6
	2
	6.3
	110
	49
	98

	Total
	
	
	
	
	1143


Table (3.29)
The cost of T.R that operate at 220 KV:
KT.R(220KV)= 786* 103  Ruble 

The cost of the T.R that operate at 110KV:
KT.R(110KV)=357* 103  Ruble. 

The total cost will be KT.R=1143 * 103   Ruble.







3- The cost of the switch gear and the auxiliary requirements :
Table (3.30) shows the cost of S.G and the auxiliary requirements.    
	Bus #
	Switchgear #
	Voltage (KV)
	Cost of S.G(103*Ruble)
	K constant

	1
	# 5
	110
	75
	210

	2
	#11 at H.T
	220
	595
	750

	
	# 5 at M.T
	110
	75
	210

	3
	#5 at H.T
	220
	180
	520

	
	# 5 at M.T
	110
	75
	210

	4
	#5
	110
	75
	210

	5
	#11
	110
	294
	290

	6
	#4
	110
	36.3
	130

	Total 
	
	
	1405.3
	2530


Table (3.30)
The cost of S.G that operate at 220 KV:
KS.G(220KV)= 775* 103  Ruble.

The cost of the S.G that operate at 110KV:
KS.G(110KV)=630.3* 103  Ruble.

The cost of auxiliary requirements that operate at 220 KV:
K K.Constant(220KV)=1270* 103  Ruble.

The cost of auxiliary requirements that operate at 110 KV:
K K.Constant(110KV)=1260 * 103  Ruble.

Now the total cost of the substation will be the sum of the transformers, S.G and the K constant in the H.T and in M.T

K Sub(220KV)=KS.G+KT.R+KK CONSTANT
K Sub(220KV)= 2247.3* 103  Ruble.

K Sub(110KV)=KS.G+KT.R+KK CONSTANT
K Sub(110KV)= 2831* 103  Ruble.

Now the total substation cost will equal the sum of K Sub(220KV) and
K Sub(110KV).
· Ksub  = K Sub(220KV) +K Sub(110KV) 
Ksub= 5078.3* 103   Ruble.

The capital cost will be:
K = KSUB + KT.L
K=5078.3+8001.5 =13079.8 * 103    Ruble
· The running cost 

1- Losses in the transmission lines:
Table (3.31)shows the losses in the T.L
	Branches
	Voltage (KV)
	P+jQ (MVA)
	R (Ω)
	∆PT.L(MW) 

	A-2
	220
	112.48+j38.332
	4.9
	1.42

	2-3
	220
	59.9+j19.91
	6.05
	0.498

	2-5
	110
	19.74+j5.596
	15.3
	0.533

	5-6
	110
	6.24+j2.076
	21.4
	0.076

	3-1
	110
	21.62+j7.38
	42.8
	1.84

	3-4
	110
	12.52+j3.98
	42.8
	0.610

	1-4 
	110
	9.16+j3.4
	42.8
	0.337

	Total
	
	
	
	5.32


Table (3.31)

2- Losses in the transformers shown in table (3.32) :

	Transformer #
	Voltage (KV)
	P+jQ (MVA)
	R(Ω)
	∆PT.R(MW)
	P O.C(MW)

	1
	110
	30.78+j10.78
	1.4
	0.123
	0.036

	2
	220
	112.48+j38.332
	0.5
	0.145
	0.085

	
	220
	85.88+j27.588
	0.5
	0.084
	-

	
	220
	26.6+j10.75
	1
	0.017
	-

	3
	220
	59.9+j19.91
	1.4
	0.115
	0.045

	
	220
	43.3+j14.76
	1.4
	0.06
	-

	
	220
	16.6+j5.15
	2.8
	0.017
	-

	4
	110
	21.68+j7.38
	4.38
	0.189
	0.019

	5
	110
	19.74+j5.596
	7.95
	0.277
	0.014

	6
	110
	6.24+j2.076
	14.7
	0.0535
	0.0115

	Total
	
	1.081
	0.2105


Table (3.32)

From previous Ʈ equal to   then  we can find ∆W1 which is equal to:
∆W1= Ʈ ( T.L +  T.R)
        = 2405 (5.32 + 1.081) = 15394.4 MW

After that we find ∆W2 which is equal to:
∆W2 = T *O.C
          = 8760 *0.2105 = 1843.98 MW.
After we found ∆W1 and ∆W2 we can found the cost of the energy loss which is equal to  Z losses= z L * (∆W1 +∆W2) 
Z losses= 160 *(15394.4 + 1843.98) =2758.1* 103  Ruble
Now we will find the running cost which is equal to:
     I = (n* KT.L) + (m*K sub)+ Z losses.
    I = (2.8% * 8001.5) + (7.8% *2831) + (8.8% * 2247.3) + 2758.1  
    I = 224+ 220.82 +197.76 +2758.1 = 3400.7* 103   Ruble.
After founding the running cost now we will find the total cost which is equal to: 
Z= EN*K + I
Z= (0.2 *13079.8) +3400.7 = 6016.66 *103   Ruble.

From the previous calculation we obtain than network # 8 is the most economical network. So it will be selected to analysis it for load flow study.


















[bookmark: _Toc279238684]Chapter Five 
Load-flow Study 
	


Introduction:
The load flow study is very important in evaluating the operation of power systems.  Controlling them and planning for the future expansion, the relating to a real power system can be carried out only with a digital computer.
Because of the complexity of the calculation we use a computer program in our case we use the ETAP power station v4.0, this program uses a number of methods of calculation such as Newton-Raphson and Gauss-Seidal methods and others in or case we are going to use Newton-Raphson method.
[bookmark: _Toc279238685]4.1 Data for load flow:
        The main source of data for the system is the One-Line diagram; this data includes the series impedance and shunt admittance's of the transmission line, other essential information includes transformer tap setting, data about the nominal voltages and the load power and the generated power, all of this information is in the previous chapter that we are going to use for network # 8.

In the load flow study we are going to study three cases:
1- The maximum load state. 
2- The minimum load state.
3- The after fault state.









[bookmark: _Toc279238686]4.2. The Maximum Load State Analysis:
              In this section maximum load state will be studied and we will see the optimization problems and will search solution for this optimization problem; and obtain results and make recommendations.


[bookmark: _Toc279238687]        4.2.1. Original Condition of the network:
                    The data will be supplied to the program with the rating that we get from calculation and it's in table (4.1)

	Bus
ID
	Type
	Initial Voltage
	Motor Load

	Static Load


	
	
	kV
	% Mag.
	Ang.
	MW
	Mvar
	MW
	Mvar

	Bus 1
	Load
	110.000
	100.0
	0.0
	
	
	
	

	Bus2
	Load
	220.000
	100.0
	0.0
	
	
	
	

	Bus3
	Load
	220.000
	100.0
	0.0
	
	
	
	

	Bus4
	Load
	110.000
	100.0
	0.0
	
	
	
	

	Bus5
	Load
	110.000
	100.0
	0.0
	
	
	
	

	Bus6
	Load
	110.000
	100.0
	0.0
	
	
	
	

	Bus7
	Load
	110.000
	100.0
	0.0
	
	
	
	

	Bus8
	Load
	110.000
	100.0
	0.0
	
	
	
	

	Bus9
	Swing
	220.000
	100.0
	0.0
	
	
	
	

	Bus10
	Load
	110.000
	100.0
	0.0
	
	
	
	

	Bus LOAD 1
	Load
	6.600
	100.0
	0.0
	21.427
	8.469
	2.381
	0.941

	Bus LOAD 2
	Load
	6.600
	100.0
	0.0
	24.189
	9.560
	2.688
	1.062

	Bus LOAD 3
	Load
	6.600
	100.0
	0.0
	13.266
	5.243
	1.474
	0.583

	Bus LOAD 4
	Load
	6.600
	100.0
	0.0
	8.789
	3.473
	0.977
	0.386

	Bus LOAD 5
	Load
	6.600
	100.0
	0.0
	11.676
	4.615
	1.297
	0.513

	Bus LOAD 6
	Load
	6.600
	100.0
	0.0
	5.499
	2.173
	0.611
	0.241

	Total Number of  Buses:  16
	
	
	
	
	84.847
	33.534
	9.427
	3.726


Table (4.1)












After we run the program we get the results that is in Appendix A, and from table (4.2) we can see that some voltages is less then nominal  voltages (220 ,110 ,6.6 ).
	CKT / Branch
	From-To Bus Flow
	To-From Bus Flow
	Losses

	% Bus Voltage

	Vd
%  Drop
in Vmag

	ID
	MW
	Mvar
	MW
	Mvar
	kW
	Kvar
	From
	To
	

	Line 1-3
	-12.720
	-6.080
	13.770 
	6.935 
	1049.1 
	854.4 
	89.5 
	98.0 
	8.53 

	Line1-4
	-1.702
	-0.794
	1.720 
	0.760 
	18.4 
	-34.1
	89.5 
	90.6 
	1.12 

	T5
	14.422 
	6.874 
	-14.372
	-5.680
	50.4 
	1194.0 
	89.5 
	86.6 
	2.93 

	Line15
	-46.495
	-20.325
	46.826 
	21.269 
	331.3 
	943.2 
	98.5 
	100.0 
	1.53 

	Line A-1
	-49.689
	-22.350
	50.073 
	23.706 
	383.7 
	1355.7 
	98.3 
	100.0 
	1.67 

	Line 3-4
	-11.236
	-5.373
	12.034 
	6.009 
	798.4 
	636.5 
	90.6 
	98.1 
	7.44 

	T6
	9.516 
	4.613 
	-9.469
	-3.742
	46.8 
	870.9 
	90.6 
	83.5 
	3.37 

	Line2-5
	-18.930
	-8.901
	19.685 
	9.737 
	754.4 
	835.4 
	93.7 
	98.4 
	4.78 

	Line5-6
	6.124 
	2.794 
	-6.014
	-2.752
	109.8 
	42.0 
	93.7 
	91.7 
	1.94 

	T7
	6.403 
	3.054 
	-6.368
	-2.517
	34.6 
	536.9 
	93.7 
	90.4 
	3.25 

	T8
	6.403 
	3.054 
	-6.368
	-2.517
	34.6 
	536.9 
	93.7 
	90.4 
	3.25 

	T9
	3.007 
	1.376 
	-2.993
	-1.183
	14.2 
	193.0 
	91.7 
	89.3 
	2.46 

	T10
	3.007 
	1.376 
	-2.993
	-1.183
	14.2 
	193.0 
	91.7 
	89.3 
	2.46 

	T1
	23.248 
	10.163 
	-9.842
	-4.868
	8.5 
	0.5 
	98.5 
	98.4 
	0.02 

	
	 
	 
	-13.397
	-5.295
	 
	 
	98.5 
	98.4 
	0.04 

	T2
	23.248 
	10.163 
	-9.842
	-4.868
	8.5 
	0.5 
	98.5 
	98.4 
	0.02 

	
	 
	 
	-13.397
	-5.295
	 
	 
	98.5 
	98.4 
	0.04 

	T25
	24.217 
	11.277 
	-12.034
	-6.009
	88.7 
	11.4 
	98.3 
	98.1 
	0.25 

	
	 
	 
	-12.094
	-5.256
	 
	 
	98.3 
	97.9 
	0.39 

	T26
	25.473 
	11.073 
	-13.770
	-6.935
	86.1 
	23.4 
	98.3 
	98.0 
	0.28 

	
	 
	 
	-11.617
	-4.115
	 
	 
	98.3 
	97.9 
	0.39 

	Total 
	
	
	 
	 
	 3831.8
	 8193.6
	 
	 
	 


Table (4.2)

[bookmark: _Toc279238688]4.2.1. Improvement of the maximum load state:
           When the original condition analyzed we noticed that there is a drop voltage in most of the buses. in table (4.3) the buses and the drop voltage in each.
	
	
	Critical Report
	
	

	ID
	Device Type
	Rating
	Unit
	Calculated
	%Mag.
	Condition

	Bus LOAD 4
	Bus
	6.600
	kV
	6.247
	94.7
	Under Voltage

	
	
	Marginal Report
	
	

	ID
	Device Type
	Rating
	Unit
	Calculated
	%Mag.
	Condition

	Bus 1
	Bus
	110.000
	kV
	110.707
	100.6
	Under Voltage

	Bus LOAD 3
	Bus
	6.600
	kV
	6.488
	98.3
	Under Voltage

	Bus LOAD 5
	Bus
	6.600
	kV
	6.710
	101.7
	Under Voltage

	Bus LOAD 6
	Bus
	6.600
	kV
	6.636
	100.5
	Under Voltage

	Bus4
	Bus
	110.000
	kV
	111.812
	101.6
	Under Voltage


Table (4.4)

This is the analysis of the network: [image: ]

The calculated voltages those shown in the table are not acceptable because of the extra drop voltage in the distribution networks; and the voltages should be adjusted to                       VMAX= (1.05-1.1) VNOM. This is required in max load for better performance of the network, because of the drop we are going to increase the tabs of the 3 winding T.R and 2 winding T.R. and because that the tabs didn't satisfy the condition we add capacitors to the low voltage buses, we increase the tabs 2% in the T.R. and we added a capacitor bank as the following:
1- At bus load 3 we added 9 Mvar.
2- At bus load 4 we added 12 Mvar.
3- At bus load 5 we added 3 Mvar.
4- At bus load 6 we added 3 Mvar.




After this addition to the network we get these results in table (4.5):
	CKT / Branch
	From-To Bus Flow
	To-From Bus Flow
	Losses

	% Bus Voltage

	Vd
%  Drop
in Vmag

	ID
	MW
	Mvar
	MW
	Mvar
	kW
	Kvar
	From
	To
	

	Line 1-3
	-13.230
	5.375
	14.003
	-4.778
	772.4
	597.6
	105.9
	109.5
	3.63

	Line1-4
	-1.758
	-1.770
	1.782
	1.720
	23.1
	-50.0
	105.9
	107.2
	1.31

	T5
	14.989
	-3.605
	-14.955
	4.401
	33.5
	795.1
	105.9
	107.0
	1.19

	Line15
	-47.304
	-13.421
	47.558
	14.035
	254.4
	613.3
	108.9
	110.0
	1.11

	Line A-1
	-50.838
	1.830
	51.108
	-0.889
	269.9
	941.2
	109.5
	110.0
	0.52

	Line 3-4
	-11.751
	7.220
	12.455
	-6.683
	703.6
	537.1
	107.2
	109.5
	2.38

	T6
	9.970
	-8.939
	-9.916
	9.938
	53.7
	999.1
	107.2
	107.5
	5.19

	Line2-5
	-19.401
	-2.065
	19.916
	2.603
	515.5
	538.1
	105.7
	108.9
	3.16

	Line5-6
	6.264
	-0.595
	-6.189
	0.591
	75.0
	-3.3
	105.7
	104.6
	1.15

	T7
	6.568
	1.330
	-6.544
	-0.954
	24.3
	376.1
	105.7
	104.3
	1.39

	T8
	6.568
	1.330
	-6.544
	-0.954
	24.3
	376.1
	105.7
	104.3
	1.39

	T9
	3.094
	-0.296
	-3.085
	0.427
	9.7
	131.2
	104.6
	104.8
	0.19

	T10
	3.094
	-0.296
	-3.085
	0.427
	9.7
	131.2
	104.6
	104.8
	0.19

	T1
	23.652
	6.711
	-9.958
	-1.302
	6.8
	0.5
	108.9
	108.9
	0.01

	
	
	
	-13.687
	-5.409
	
	
	108.9
	108.9
	0.04

	T2
	23.652
	6.711
	-9.958
	-1.302
	6.8
	0.5
	108.9
	108.9
	0.01

	
	
	
	-13.687
	-5.409
	
	
	108.9
	108.9
	0.04

	T25
	24.648
	-1.097
	-12.455
	6.683
	59.8
	22.7
	109.5
	109.5
	0.06

	
	
	
	-12.133
	-5.563
	
	
	109.5
	109.0
	0.46

	T26
	26.190
	-0.733
	-14.003
	4.778
	64.1
	20.8
	109.5
	109.5
	0.00

	
	
	
	-12.123
	-4.024
	
	
	109.5
	109.0
	0.46

	Total
	
	
	
	
	2906.7
	6027.5
	
	
	


Table (4.5).

And this is the schematics of the network after the addition: 
[image: ]
Before the improvement the power loss = 3831.8KW
And after the improvement the power loss decreased to = 2906.7
∆P loss = 925.1 KW. 
And the full report after  and before the improvement from the program is in appendix A
[bookmark: _Toc279238689]4.3. Minimum load state: 
            In this case we will study the original minimum load case and we will select the solution for the study.
     

[bookmark: _Toc279238690]      4.3.1. Original minimum load state:
                         In this case the network will be studied in its minimum load that the load will be decreased by 60% that we will multiply the real and reactive power by 0.4 at each load and the swing bus supplied by 220 Kv, and the data for the minimum case is in table (4.6).
	Bus
	Initial Voltage
	Motor Load
	Static Load

	ID
	Type
	kV
	 % Mag.
	Ang.
	 MW
	Mvar
	MW
	Mvar 

	Bus 1
	Load
	110.000 
	100.0 
	0.0 
	 
	 
	 
	 

	Bus2
	Load
	220.000 
	100.0 
	0.0 
	 
	 
	 
	 

	Bus3
	Load
	220.000 
	100.0 
	0.0 
	 
	 
	 
	 

	Bus4
	Load
	110.000 
	100.0 
	0.0 
	 
	 
	 
	 

	Bus 5
	Load
	110.000 
	100.0 
	0.0 
	 
	 
	 
	 

	Bus6
	Load
	110.000 
	100.0 
	0.0 
	 
	 
	 
	 

	Bus7
	Load
	110.000 
	100.0 
	0.0 
	 
	 
	 
	 

	Bus8
	Load
	110.000 
	100.0 
	0.0 
	 
	 
	 
	 

	Bus11
	Swing
	220.000 
	100.0 
	0.0 
	 
	 
	 
	 

	Bus 12
	Load
	110.000 
	100.0 
	0.0 
	 
	 
	 
	 

	Bus LOAD 1
	Load
	6.600 
	100.0 
	0.0 
	3.515 
	1.389 
	0.391 
	0.154 

	Bus LOAD 2
	Load
	6.600 
	100.0 
	0.0 
	9.676 
	3.824 
	1.075 
	0.425 

	Bus LOAD 3
	Load
	6.600 
	100.0 
	0.0 
	5.307 
	2.097 
	0.590 
	0.233 

	Bus LOAD 4
	Load
	6.600 
	100.0 
	0.0 
	8.789 
	3.473 
	0.977 
	0.386 

	Bus LOAD 5
	Load
	6.600 
	100.0 
	0.0 
	4.670 
	1.846 
	0.519 
	0.205 

	Bus LOAD 6
	Load
	6.600 
	100.0 
	0.0 
	2.260 
	0.893 
	0.251 
	0.099 

	 Total Nunmber of  Buses:  16
	
	
	
	
	34.217
	13.523
	3.802
	1.503


Table(4.6)






After we run the program we get the results that is in Appendix B, and from table (4.7) we can see that some voltages is less then nominal  voltages (220 ,110 ,6.6 ).
	CKT / Branch
	From-To Bus Flow
	To-From Bus Flow
	Losses
	% Bus Voltage
	Vd
%  Drop
in Vmag

	ID
	MW
	Mvar
	MW
	Mvar
	kW
	Kvar
	From
	To
	

	Line 1-3
	-7.130
	-3.155
	7.416 
	3.344 
	285.5 
	189.2 
	94.8 
	99.2 
	4.40 

	Line1-4
	1.298 
	0.686 
	-1.288
	-0.732
	10.3 
	-46.1
	94.8 
	94.0 
	0.86 

	T5
	5.832 
	2.469 
	-5.825
	-2.302
	7.1 
	167.2 
	94.8 
	93.8 
	1.05 

	Line15
	-18.526
	-7.502
	18.576 
	7.432 
	50.3 
	-69.5
	99.4 
	100.0 
	0.57 

	Line A-1
	-20.006
	-9.053
	20.068 
	9.249 
	61.1 
	195.5 
	99.3 
	100.0 
	0.66 

	Line 3-4
	-8.280
	-3.847
	8.679 
	4.135 
	398.8 
	287.9 
	94.0 
	99.2 
	5.24 

	T6
	9.568 
	4.579 
	-9.524
	-3.764
	43.8 
	815.1 
	94.0 
	86.8 
	3.25 

	Line2-5
	-7.675
	-3.189
	7.785 
	3.258 
	109.4 
	68.5 
	97.6 
	99.4 
	1.77 

	Line5-6
	2.512 
	0.998 
	-2.496
	-1.042
	16.4 
	-44.2
	97.6 
	96.9 
	0.74 

	T7
	2.582 
	1.096 
	-2.577
	-1.018
	5.0 
	77.2 
	97.6 
	96.5 
	1.18 

	T8
	2.582 
	1.096 
	-2.577
	-1.018
	5.0 
	77.2 
	97.6 
	96.5 
	1.18 

	T9
	1.248 
	0.521 
	-1.246
	-0.492
	2.1 
	28.9 
	96.9 
	96.0 
	0.92 

	T10
	1.248 
	0.521 
	-1.246
	-0.492
	2.1 
	28.9 
	96.9 
	96.0 
	0.92 

	T1

	9.263 
	3.751 
	-3.892
	-1.629
	1.3 
	0.1 
	99.4 
	99.4 
	0.01 

	
	 
	 
	-5.369
	-2.122
	 
	 
	99.4 
	99.4 
	0.01 

	T2

	9.263 
	3.751 
	-3.892
	-1.629
	1.3 
	0.1 
	99.4 
	99.4 
	0.01 

	
	 
	 
	-5.369
	-2.122
	 
	 
	99.4 
	99.4 
	0.01 

	T25

	10.482 
	4.482 
	-8.679
	-4.135
	5.2 
	19.5 
	99.3 
	99.2 
	0.12 

	
	 
	 
	-1.798
	-0.327
	 
	 
	99.3 
	99.2 
	0.11 

	T26

	9.524 
	4.571 
	-7.416
	-3.344
	6.4 
	12.5 
	99.3 
	99.2 
	0.10 

	
	 
	 
	-2.102
	-1.214
	 
	 
	99.3 
	99.2 
	0.11 

	Total  
	 
	 
	 
	 
	1011.2 
	1808.0 
	 
	 
	 


Table (4.7)



















[bookmark: _Toc279238691]4.3.2 Improvement of minimum load state:
       When the original minimum condition analyzed we noticed that there is a drop voltage in most of the buses. In table (4.8) the buses and the drop voltage in each.
	
	
	Critical report
	
	

	ID
	Device Type
	Rating
	Unit
	Calculated
	%Mag.
	Condition

	Bus 1
	Bus
	110.000
	kV
	104.317
	94.8
	Under Voltage

	Bus LOAD 3
	Bus
	6.600
	kV
	6.190
	93.8
	Under Voltage

	Bus LOAD 4
	Bus
	6.600
	kV
	5.728
	86.8
	Under Voltage

	Bus4
	Bus
	110.000
	kV
	103.376
	94.0
	Under Voltage

	
	
	Marginal Report
	
	

	ID
	Device Type
	Rating
	Unit
	Calculated
	%Mag.
	Condition

	Bus 12
	Bus
	110.000
	kV
	109.366
	99.4
	Under Voltage

	Bus 5
	Bus
	110.000
	kV
	107.413
	97.6
	Under Voltage

	Bus LOAD 1
	Bus
	6.600
	kV
	6.549
	99.2
	Under Voltage

	Bus LOAD 2
	Bus
	6.600
	kV
	6.561
	99.4
	Under Voltage

	Bus LOAD 5
	Bus
	6.600
	kV
	6.367
	96.5
	Under Voltage

	Bus LOAD 6
	Bus
	6.600
	kV
	6.335
	96.0
	Under Voltage

	Bus2
	Bus
	220.000
	kV
	218.748
	99.4
	Under Voltage

	Bus3
	Bus
	220.000
	kV
	218.539
	99.3
	Under Voltage

	Bus6
	Bus
	110.000
	kV
	106.602
	96.9
	Under Voltage

	Bus7
	Bus
	110.000
	kV
	109.162
	99.2
	Under Voltage

	Bus8
	Bus
	110.000
	kV
	109.135
	99.2
	Under Voltage


Table (4.8)

This is the analysis of the network:
[image: ]
The calculated voltages those shown in the table are not acceptable because of the extra drop voltage in the distribution networks; and the voltages should be adjusted to                       VMAX= (1.00-1.05) VNOM. This is required in min load for better performance of the network, because of the drop we are going to increase the tabs of the 3 winding T.R and 2 winding T.R. and because that the tabs didn't satisfy the condition we add capacitors to the low voltage buses, we increase the tabs 2% in the T.R. and we added a capacitor bank as the following:
1- At bus load 3 we added 3 Mvar.
2- At bus load 4 we added 12 Mvar.

After this addition to the network we get these results in table (4.9):
	CKT / Branch
	From-To Bus Flow
	To-From Bus Flow
	Losses
	% Bus Voltage
	Vd
%  Drop
in Vmag

	ID
	MW
	Mvar
	MW
	Mvar
	kW
	Kvar
	From
	To
	

	Line 1-3
	-7.266
	3.191
	7.517
	-3.041
	251.5
	150.9
	103.2
	105.1
	1.91

	Line1-4
	1.324
	-2.458
	-1.293
	2.419
	30.4
	-39.6
	103.2
	103.5
	0.33

	T5
	5.942
	-0.733
	-5.937
	0.859
	5.3
	126.2
	103.2
	103.4
	0.20

	Line15
	-18.703
	-7.535
	18.749
	7.425
	46.3
	-109.4
	104.5
	105.0
	0.54

	Line A-1
	-20.484
	6.760
	20.536
	-6.597
	52.7
	162.9
	105.0
	105.0
	0.04

	Line 3-4
	-8.595
	5.608
	9.013
	-5.313
	417.9
	294.9
	103.5
	105.2
	1.65

	T6
	9.889
	-8.026
	-9.837
	8.995
	52.1
	968.8
	103.5
	103.6
	4.82

	Line2-5
	-7.751
	-3.196
	7.852
	3.247
	100.5
	51.5
	102.8
	104.4
	1.70

	Line5-6
	2.536
	0.996
	-2.521
	-1.048
	15.0
	-51.7
	102.8
	102.0
	0.71

	T7
	2.608
	1.100
	-2.603
	-1.029
	4.6
	71.0
	102.8
	101.6
	1.13

	T8
	2.608
	1.100
	-2.603
	-1.029
	4.6
	71.0
	102.8
	101.6
	1.13

	T9
	1.260
	0.524
	-1.258
	-0.497
	2.0
	26.6
	102.0
	101.2
	0.88

	T10
	1.260
	0.524
	-1.258
	-0.497
	2.0
	26.6
	102.0
	101.2
	0.88

	T1

	9.351
	3.767
	-3.926
	-1.624
	1.2
	0.1
	104.5
	104.4
	0.01

	
	
	
	-5.424
	-2.144
	
	
	104.5
	104.4
	0.01

	T2

	9.351
	3.767
	-3.926
	-1.624
	1.2
	0.1
	104.5
	104.4
	0.01

	
	
	
	-5.424
	-2.144
	
	
	104.5
	104.4
	0.01

	T25

	10.179
	-4.250
	-9.013
	5.313
	1.9
	23.1
	105.0
	105.2
	0.12

	
	
	
	-1.163
	-1.040
	
	
	105.0
	104.9
	0.18

	T26

	10.305
	-2.510
	-7.517
	3.041
	6.2
	11.1
	105.0
	105.1
	0.04

	
	
	
	-2.782
	-0.520
	
	
	105.0
	104.9
	0.18

	Total
	
	
	
	
	995.4
	1784.1
	
	
	


Table (4.9)







And this is the schematics of the network after the addition: 

[image: ]

Before the improvement the power loss = 1011.2KW
And after the improvement the power loss decreased to=995.4 KW
∆P loss = 15.8 KW. 
And the full report after  and before the improvement from the program is in appendix B.






[bookmark: _Toc279238692]4.4 After fault condition:
          In this section we will assume that the network is affected by a fault condition in some location of the transmission lines of the network, after the fault occurs we will try to optimize the problem.

[bookmark: _Toc279238693]    4.4.1 Fault at line (A-1)
        This line is one of the most important lines in the network, which is connecting the sub-station to the half of the network and carries max power.
        It will be assumed that a fault happened at one line of the double line, because of that the resistance and capacitance will be multiplied by 2 and we will divide the admittance by 2.

After we change the data and run the program we get this data in table (4.10):
	CKT / Branch
	From-To Bus Flow
	To-From Bus Flow
	Losses
	% Bus Voltage
	Vd
%  Drop
in Vmag

	ID
	MW
	Mvar
	MW
	Mvar
	kW
	Kvar
	From
	To
	

	Line 1-3
	-13.921
	-6.545
	14.959
	7.380
	1038.7
	835.0
	98.1
	106.6
	8.47

	Line1-4
	-2.143
	-1.010
	2.167
	0.971
	24.4
	-39.1
	98.1
	99.4
	1.29

	T5
	16.064
	7.554
	-16.012
	-6.328
	51.7
	1226.1
	98.1
	95.2
	2.95

	Line15
	-47.103
	-20.188
	47.380
	20.886
	277.6
	697.4
	108.6
	110.0
	1.38

	Line A-1
	-52.036
	-23.167
	52.739
	24.192
	703.0
	1025.7
	106.9
	110.0
	3.11

	Line 3-4
	-12.036
	-5.625
	12.791
	6.214
	754.7
	588.2
	99.4
	106.7
	7.21

	T6
	9.869
	4.655
	-9.828
	-3.884
	41.4
	770.4
	99.4
	92.1
	3.14

	Line2-5
	-19.304
	-8.786
	19.929
	9.455
	625.7
	669.7
	104.3
	108.6
	4.33

	Line5-6
	6.238
	2.753
	-6.147
	-2.740
	90.9
	12.8
	104.3
	102.5
	1.76

	T7
	6.533
	3.016
	-6.504
	-2.571
	28.8
	445.8
	104.3
	101.3
	2.93

	T8
	6.533
	3.016
	-6.504
	-2.571
	28.8
	445.8
	104.3
	101.3
	2.93

	T9
	3.073
	1.370
	-3.061
	-1.210
	11.8
	160.0
	102.5
	100.3
	2.22

	T10
	3.073
	1.370
	-3.061
	-1.210
	11.8
	160.0
	102.5
	100.3
	2.22

	T1
	23.551
	10.094
	-9.965
	-4.728
	7.1
	0.4
	108.6
	108.6
	0.02

	
	
	
	-13.580
	-5.367
	
	
	108.6
	108.6
	0.03

	T2
	23.551
	10.094
	-9.965
	-4.728
	7.1
	0.4
	108.6
	108.6
	0.02

	
	
	
	-13.580
	-5.367
	
	
	108.6
	108.6
	0.03

	T25
	25.232
	11.708
	-12.791
	-6.214
	80.1
	11.7
	106.9
	106.7
	0.24

	
	
	
	-12.361
	-5.483
	
	
	106.9
	106.5
	0.37

	T26
	26.804
	11.459
	-14.959
	-7.380
	77.3
	25.6
	106.9
	106.6
	0.27

	
	
	
	-11.768
	-4.053
	
	
	106.9
	106.5
	0.37

	Total
	
	
	
	
	3861.0
	7035.8
	
	
	



Table(4.10)





[bookmark: _Toc279238694]4.4.2 Improvement of after fault condition:
The calculated voltages those shown in the table are not acceptable because of the extra drop voltage in the distribution networks; and the voltages should be adjusted to                       VMAX= (1.05-1.10) VNOM. This is required in min load for better performance of the network, because of the drop we are going to increase the tabs of the 3 winding T.R and 2 winding T.R. and because that the tabs didn't satisfy the condition we add capacitors to the low voltage buses, we increase the tabs 2% in the T.R. and we added a capacitor bank as the following:
1- At bus load 3 we added 9 Mvar.
2- At bus load 4 we added 9 Mvar.
3- At bus load 6 we added 3 Mvar.
[image: ]

This is data after the addition of the capacitors table (4.11).
	CKT / Branch
	From-To Bus Flow
	To-From Bus Flow
	Losses

	% Bus Voltage

	Vd
%  Drop
in Vmag

	ID
	MW
	Mvar
	MW
	Mvar
	kW
	Kvar
	From
	To
	

	Line 1-3
	-14.176
	3.231
	15.011
	-2.577
	834.7
	653.6
	103.6
	108.5
	4.83

	Line1-4
	-2.174
	-0.816
	2.195
	0.767
	21.1
	-48.8
	103.6
	104.8
	1.17

	T5
	16.350
	-2.415
	-16.310
	3.368
	40.2
	953.4
	103.6
	104.4
	0.79

	Line15
	-47.086
	-16.811
	47.350
	17.458
	263.6
	646.7
	108.8
	110.0
	1.24

	Line A-1
	-52.270
	-3.443
	52.852
	4.026
	581.8
	582.4
	108.5
	110.0
	1.50

	Line 3-4
	-12.272
	4.072
	12.918
	-3.583
	645.9
	489.3
	104.8
	108.5
	3.69

	T6
	10.077
	-4.839
	-10.038
	5.567
	39.1
	728.0
	104.8
	102.9
	2.81

	Line2-5
	-19.349
	-5.490
	19.905
	6.075
	555.2
	585.7
	105.0
	108.7
	3.75

	Line5-6
	6.265
	-0.541
	-6.189
	0.539
	75.9
	-1.5
	105.0
	103.8
	1.17

	T7
	6.542
	3.015
	-6.514
	-2.575
	28.4
	440.7
	105.0
	102.1
	2.91

	T8
	6.542
	3.015
	-6.514
	-2.575
	28.4
	440.7
	105.0
	102.1
	2.91

	T9
	3.094
	-0.270
	-3.085
	0.403
	9.8
	132.9
	103.8
	104.0
	0.15

	T10
	3.094
	-0.270
	-3.085
	0.403
	9.8
	132.9
	103.8
	104.0
	0.15

	T1

	23.543
	8.406
	-9.952
	-3.038
	6.9
	0.5
	108.8
	108.7
	0.02

	
	
	
	-13.584
	-5.369
	
	
	108.8
	108.7
	0.04

	T2

	23.543
	8.406
	-9.952
	-3.038
	6.9
	0.5
	108.8
	108.7
	0.02

	
	
	
	-13.584
	-5.369
	
	
	108.8
	108.7
	0.04

	T25

	25.400
	1.874
	-12.918
	3.583
	67.5
	14.7
	108.5
	108.5
	0.01

	
	
	
	-12.415
	-5.442
	
	
	108.5
	108.0
	0.45

	T26

	26.870
	1.569
	-15.011
	2.577
	67.1
	21.4
	108.5
	108.5
	0.04

	
	
	
	-11.792
	-4.125
	
	
	108.5
	108.0
	0.45

	Total 
	
	
	
	
	3282.5
	5773.2
	
	
	


Table (4.11)
Losses before optimization= 3861.0 MW.
Losses after optimization= 3282.5 MW.

And the full report after  and before the improvement from the program is in appendix B.

[bookmark: _Toc279238695]4.5 The economical benefit of using the capacitors:
      If we make a comparative study between the losses that occurs in the network caused by the T.L and the other component in the Max-load study and the capacitor we installed to improve the losses which is equal to 3831.8 KW and after the installation of the capacitors which is equal to2906.7 KW the difference in the losses equal to 925.1 KW. And from previous we know that every 1 MWh charged for 160 Ruble, if we calculated the losses per one year equals to ∆P loss * Ʈ = 0.9251 MW * 2405 H= 2224.865 MWH the cost will equal to 2224.865 * 160 =355978.5 Ruble
     And for the cost of the capacitors which costs for every 3 MVAR is 18*103 Ruble the total # of the capacitors is 27 MVAR which costs 9*18*103 = 162000 Ruble 
The saving is about 355978.5 –162000=193978.5 =194*103 Ruble.
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