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 Demand: The demand of a system is the load at receiving end 
over a specified time interval.

 Maximum Demand: The maximum demand of a system is the 
greater of all the demands within the time interval specified.

 Diversified demand (or coincident demand):  It is the demand of 
the    composite  group,     as  a  whole,     of  somewhat      
unrelated     loads     over    a specified   period   of  time.

 Demand factor: It is the "ratio of the maximum demand of a 
system to the total connected Load. It is dimension less.

 Demand factor is usually less than 1.0.
 Demand factor = Maximum demand/ Total connected demand
 Non-coincident demand: It is the sum of the  demands  of a 

group  of  loads with no restrictions on the interval to which each 
demand is applicable."

 Connected   load   :    It is  the sum of  the  continuous ratings of 
the load- consuming apparatus connected to the system

 Utilization  factor: It  is the ratio of  the   maximum demand
of a system to   the rated  capacity of the system "

Fu = Maximum Demand/ rated system capacity

Definitions



LOAD FACTOR: 

 Load factor is defined as the ratio of the 
average load over a given period to the maximum 
demand (peak load) occurring in that period. 

 In other words, the load factor is the ratio of energy 
consumed in a given period of the times of hours to the 
peak load which has occurred during that particular 
period.

 It is the measure of utilization of electric energy during 
a given period to the maximum energy which would 
have been utilized during that period.

 Load factor plays a very important role in the cost of 
generation per unit (kWh).







 Loss factor:  Loss factor is the ratio of the average to 

the maximum power loss in a circuit variably loaded 

over a given period.



 Coincidence   factor:   It  is  "the   ratio   of  the   maximum   coincident    

total   demand    of a  group   of  consumers   to   the   sum   of   the   

maximum   power    demands    of individual consumers   comprising   the   

group   both   taken   at   the   same   point   of supply for the same time“

 Contribution f a c t o r : The contribution factor of the ith load to the 

group maximum   demand."   It  is  given in  per unit of  the individual  

maximum   demand  of  the ith load









 The curve showing the variation of load on 
the power station with respect to (w.r.t) time 
is known asa load curve.

 DAILY LOAD CURVE

 MONTHLY LOAD CURVE

 YEARLYLOAD CURVE





Municipal load.
Irrigation load.
Traction load.



 Experimental results of load model parameter 
determination on a substation middle voltage level 
are shown in this paper. This substation supplies 
residential load. 

 The obtained parameters are different from literature 
data, because they depend on many factors such as 
climatic, economic and social ones. 

 The measurements are performed for different day 
intervals and week days during winter. It is pointed 
out that real and reactive power sensitivities on 
voltage vary with voltage value. 

 Mean polynomial static characteristics are presented, 
too. The obtained static characteristics are 
approximated by an exponential model with constant 
coefficients in the examined voltage range

















 CLASSIFICATION OF DISTRIBUTION SYSTEMS

 COMPARISION OF AC AND DC SYSTEMS

 UNDER GROUND VS OVER HEAD SYSTEMS

 REQUIREMENTS AND DESIGN OF DISTRIBUTION 

SYSTEMS

 DESIGN CONSIDERATIONS OF DISTRIBUTION SYSTEMS

 RADIAL AND LOOP TYPE PRIMARY FEEDERS

 VOLTAGE LEVELS AND FEEDER LOADING

 VOLTAGE DROP CALCULATIONS



 Feeder: A feeder is a conductor which connects the sub-station (or 

localised generating station) to the area where power is to be 

distributed. Generally, no tappings are  taken from the feeder so that 

current in it remains the same throughout. 

 Distributor: A distributor is a conductor from which tappings are  

taken for supply to  the consumers.

While designing a distributor, voltage drop along its length is the 

main consideration since the statutory limit of voltage variations is ±

6% of rated value at the consumers’ terminals.

 Service mains: A service mains is generally a small cable which 

connects the distributor to the consumers’ terminals.



 AC & DC distribution system

 Over head and under ground systems

 Radial, ring main & inter connected systems



AC distribution systems:

Now-a-days electrical energy is generated, 
transmitted and distributed in the form of 
alternating current.

 The a.c. distribution system is classified into

(i) primary distribution system 

(ii) secondary distribution system.









 D.C DISTRIBUTION:

ADVANTAGES:

 It requires only two conductors as compared to three for a.c. distribution.

 There is no inductance, capacitance, phase displacement and surge problems in

d.c. distribution.

 Due to the absence of inductance, the voltage drop in a d.c. distribution line is less

than the a.c. line for the same load and sending end voltage. For this reason, a d.c.

distrib ution line has better voltage regulation.

 There is no skin effect in a d.c. system. Therefore, entire cross-section of the line

conductor is utilized.

 For the same working voltage, the potential stress on the insulation is less in case of

d.c. system than that in a.c. system. Therefore, a d.c. line requires less insulation.

 A d.c. line has less corona loss and reduced interference with communication

circuits.

 The high voltage d.c. distrubution is free from the dielectric losses, particularly in

the case of cables.

 In d.c. distrubution, there are no stability problems and synchronising difficulties.



DISADVANTAGES

 Electric power cannot be generated at high d.c. voltage 

due to commutation problems.

 The d.c. voltage cannot be stepped up for distrubution

of power at high voltages.

 The d.c. switches and circuit breakers have their own 

limitations.



A.C. DISTRIBUTION:

ADVANTAGES:

 The power can be generated at high voltages.

 The maintenance of ac sub-stations is easy and cheaper.

 The ac voltage can be stepped up or stepped down by 
transformers with ease and efficiency. This permits to transmit 
power at high voltages and distribute it at safe potentials.

DISADVANTAGES:

 An a.c. line requires more copper than a dc line.

 The construction of ac distribution line is more complicated than 
a dc distribution line.

 Due to skin effect in the ac system, the effective resistance of the 
line is increased.

 An ac line has capacitance. Therefore, there is a continuous loss 
of power due to charging current even when the line is open.



The choice between overhead andunderground system

depends upon a number of widely differing factors.

 Public safety

 Initial cost

 Flexibility

 Faults

 Apperance

 Fault location repair



(i) The total network area and load density

(ii) The number of primary feeders and its circuit
distance

(iii) The number of outages, and time duration, per year

(iv) The number of planned or scheduled outages (for
maintenance power cut etc.) and outage time per year

(v) The alternate or standby arrangement for the
important loads in the area

(vi) The secondary and sub-system

(vii) The number of main (primary) substations, the
number of transformers to be installed

(viii) The secondary substations and LT system



 Proper voltage

 Availability of power on demand

 Reliability





 Simplest as fed at only end.
 The initial cost is low.
 It is useful when the generating is at low 

voltage.
 Preferred when the station is located at the 

center of the load.
 More economical for some areas which have a 

low load requirement
 Require less amount of cables
 It has a low maintenance



 The end of distributor near to the substation gets 

heavily loaded.

 When load on the distributor changes, the clients at the 

distant end of the distributor face serious voltage 

fluctuations.

 As users are dependent on single feeder and distributor, 

a fault on any of these two causes interruption in supply 

to all the users connected to that distributor
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OUTLINE 

Voltage Drop and Power-Loss Calculations?

Methods of Solution for Radial Networks

Methods of Improving P.F 

Most Economical P.F. for Constant KW Load 

Effect of Shunt Capacitors 

Power Factor Correction



VOLTAGE DROP AND POWER-LOSS CALCULATIONS

 SINGLE PHASE 2-WIRE LATERALS WITH GROUNDED NEUTRALS:

 Assume that an overloaded single-phase lateral is to be changed to an 
equivalent three-phase three-wire and balanced lateral, holding the load 
constant. As the power input  lateral is

 The current in the single-phase lateral is 1.73 times greater than the one in the 

equivalent in three phase.

---- 4.1

---- 4.2



 The voltage drop in the three lateral can be expressed as

where KR and KX are conversion constants of R and X and are used to 
convert them from their three-phase values to the equivalent single-phase 
values.

KR =2.0

KX=2.0 | when underground cable is used

KX=2.0 when overhead line is used, with approximately +10% accuracy.

---- 4.3

---- 4.4

---- 4.5







Power loss due to the load currents in the conductors of the 1-Ø lateral is two 
times larger than 3-Ø.



MANUAL METHODS OF SOLUTION FOR RADIAL NETWORKS

FIG: 4.1 RADIAL FEEDER



FIG: 4.2 UNIFORMLY DISTRIBUTED MAIN FEEDER



 The single line diagram illustrates a three-phase feeder main having the same 

construction that is in terms of cable size or open wire size and spacing, along 

its  entire length ‘l’. Here line impedance z= r+jx per unit length. Since the load 

is uniformly distributed along the main, the load current in the main is a 

function of the distance here ‘l’ is the total length of the feeder.



 ‘x’ is the distance of the point ‘1’ on the feeder from the beginning end of the 
feeder.

 The distance of the point ‘2’ on the feeder from the beginning end of the feeder 
is x+dx. Isis the sending end current Ir is the receiving end current Ix1 and Ix2 

are currents at point 1 &2. As the load is uniformly distributed from 1 to 2 
𝑑𝑖

𝑑𝑥
=

𝐾.

 Ix is the current in the main of some x of distance away from the circuit breaker 
can be found as function of sending end current Is and distance x therefore for 
the dx distance.













RADIAL FEEDERS WITH NON UNIFORM DISTRIBUTED LOAD

FIG: 4.3 A UNIFORMLY INCREASING LOAD



 The single line diagram illustrates 3Ø feeder main which has the tapped-off 
load increasing linearly with distance ‘x’. Note that load is zero when x=0.







ELECTRICAL DISTRIBUTION SYSTEM



RATING OF DISTRIBUTION SUBSTATION

• The rating of distribution substation depends up on the load 

density and service area

• With increase in load density the additional load requirement 

can be met by

1. Either service area of given distribution substation 

maintaining constant and increasing its rating

2. By installing new distribution substation.  



Voltage Drop at Substation Main 

Feeders
• The analysis of voltage 

drop at squire shaped 
service area represents the 
entire served area of a 
distribution substation 

• Assume the squire shaped 
service area is fed by four 
primary feeders from 
central fed point as shown 
in Figure  each feeder and 
laterals are of three phase. 



voltage drop at squire shaped service area

• each feeder serves a total load of
S4 = A4 × D    KVA

Where S4= KVA Load served by one of four feeders

A4= Area served by one of four feeders

D = load density

Here area served by one of four feeders is A4= (l4)ˆ2

• The voltage drop at main primary feeder is

% VD4,main = 2/3× l4 × K × S4

In this equation the total lumped load is assumed to be located at a 
distance of 2/3l4 from central feed point. 

% VD4,main = 2/3× l4 × K × A4 × D 

% VD4,main = 0.667 × K × D × (l4)3



voltage drop at hexagonally 

shaped service area

• If the served area is 

extend to hexagonally 

shaped served area 

supplied by six feeders 

from fed central point as 

shown in Figure . each 

feeder is feed area equal 

to 1/6 of the 

hexagonally. 



x y



voltage drop at hexagonally 

shaped service area

A6 = 0.578 × l6

Where l6 primary feeder dimension. 

Each feeder serve a total load of

S6 = A6 × D  KVA

As before the total lumped load is located at distance of 

2/3l6 from the feed point. 

therefore the percentage voltage drop is:

% VD6,main = 2/3× l6 × K × S6

% VD6,main = 0.385 × K × D × (l6)3



Comparison between square and hexagonally

• The total area served bt all four 
feeders
TA4 = 4 A4 =4(l4)ˆ2

• Total KVA served by all four 
feeders is
TS4 = 4D ×(l4)ˆ2 

• Percentage voltage drop on the 
main feeder is
% VD4,main =

0.667 × K × D × (l4)3
The load current on the mian feeder 

at feed point a is 

• The total area served bt all six feeders

• Total KVA served by all six feeders is

• Percentage voltage drop on the main 
feeder is

• The load current on the mian feeder 
at feed point a is



• The relation between the served areas of four and six feeders 

can be found under two assumption

1- Feeder circuit are thermally limited(That mean I4= I6 )

2- Feeder circuit are voltage drop limited (%VD4 = %VD6)

• WHEN WE SUBSTITUTE I4= I6 WE GET

• The six feeder area could carry 1.5 time as much as four feeder 

if they are thermally limited. 



For Feeder circuit are voltage drop limited then we have 

%VD4 = %VD6 
l4 = 0.833 × l6 

The total area served by all six feeders :

Therefore, the six feeder area could carry 1.25 time as much as four 
feeder if they are voltage drop limited. 



Substation service area with N primary feeders

• The service area of the distribution substation is supplied by N 

number of primary feeders from feed point ‘a’ is shown below

• Consider the load is  uniformly distributed in the supplied area 

and each feeder supplies an area of triangle shape



Here dA=differential service area of the feeder

dS= differential load service by the feeder in the differential area 

of Da

D= Load density

We know that dS=D*dA KVA

From the fig

y= X × TanƟ

Total service area can be calculated as  ‘An’

ln

TanƟ

b

c



• The total KVA load served by one of n feeders can be 

calculated as  

• Wkt dS=D*dA

the total lumped load is located at distance of 2/3ln from the feed 

point ‘a’

therefore the percentage voltage drop is:

% VDn = 2/3× ln × K × Sn

Substation of Sn in above equation we have 

% VDn = 2/3× ln × K ×D ×(ln )2 × TanƟ





Mastering E lectrical 
Engineering: Modelling of 
Star and Delta Connected 
Loads , Two Phase Single 
Phase Loads Shunt 
Capacitors
Electrical engineering is a challenging and rewarding field that involves designing, 

developing, and testing electrical equipment and systems. In this presentation, we will 

explore the modelling of various electrical loads and the use of shunt capacitors to 

improve power factor and energy efficiency.

pr by prasanna reddy



Star and Delta Connected Loads

Star Connected Loads

Star connected loads are commonly found in three-

phase electrical systems. These loads are connected 

between one phase and the neutral wire, making 

them suitable for low and medium power 

applications.

Delta Connected Loads

Delta connected loads are also commonly found in 

three-phase electrical systems. These loads are 

connected between two phases, making them 

suitable for high power applications. Delta loads are 

more efficient than star loads because they use all 

three phases.

https://gamma.app
https://gamma.app


Two Phase Load

What is a Two Phase Load?

A two-phase load is a type of electrical load that 

requires two phases of an AC power supply to 

operate properly. In practice, two-phase power 

systems are rare and have been largely replaced 

by three-phase power systems.

Example of Two Phase Load

A common example of a two-phase load is an 

electric stove. Depending on the stove's settings, 

it may require two phases or all three phases to 

operate.

https://gamma.app
https://gamma.app


S ingle Phase Load

Appliance Power

Refrigerator 100-400 W

T.V 100-400 W

Fan 5-50 W

Computer 200-600 W

Single phase loads are everywhere in our daily life. Common examples of single-phase loads include televisions, 

refrigerators, fans, and computers. These loads are connected to a single phase of an AC power supply and 

consume power intermittently.

https://gamma.app
https://gamma.app


Shunt Capacitor

1

What is a Shunt Capacitor?

A shunt capacitor is a capacitor that is connected 

in parallel with a load to improve power factor 

and energy efficiency. It works by drawing 

current that leads the voltage, reducing the 

reactive power demand from the electrical 

system.

2

Where are Shunt Capacitors Used?

Shunt capacitors are commonly used in power 

factor correction systems to improve the energy 

efficiency of industrial loads such as motors and 

transformers. They are also used in residential 

and commercial buildings with fluorescent 

lighting and other inductive loads.

https://gamma.app
https://gamma.app


Advantages of Shunt Capacitor

Improved Power Factor

Shunt capacitors improve power 

factor by reducing the reactive 

power demand from the 

electrical system. This leads to 

reduced energy costs and 

improved voltage regulation.

Improved Energy 

Efficiency

Shunt capacitors reduce energy 

losses due to reactive power and 

help to extend the life of 

electrical equipment. This results 

in improved energy efficiency 

and lower operating costs for 

factories and other industrial 

facilities.

Cleaner Energy

Shunt capacitors reduce energy 

losses by reducing the reactive 

power demand from the 

electrical system. This results in 

cleaner power and lower 

greenhouse gas emissions.

https://gamma.app
https://gamma.app


Conclus ion

1 Modelling of Electrical Loads

Understanding the modelling of electrical 

loads is essential for designing safe, efficient, 

and reliable electrical systems for both 

residential and commercial applications.

2 Importance of Shunt Capacitors

Shunt capacitors are a cost-effective way to 

improve the power factor and energy 

efficiency of electrical power systems, making 

them an essential component of modern 

electrical engineering.

https://gamma.app
https://gamma.app


















































Load Flow Analysis



Course Outline
1. The Load Flow Problem

2. Backward/Forward Sweep Load Flow



The Load Flow Problem

Load Flow Analysis simulates (i.e., 
mathematically determine) the 
performance of an electric power system 
under a given set of conditions.

Load Flow (also called Power Flow) is a 
snapshot picture of the power system at a 
given point.



The Load Flow Problem

How do you determine the voltage, current, power, and 

power factor at various points in a power system?

Sending 
End

Receiving 
End

VS = ?

Load
2 MVA, 3Ph 

85%PF

VR = 13.2 kVLL

Line

1.1034 + j2.0856 ohms/phase

ISR = ?

VOLTAGE DROP = VS - VR 

Solve for:

1) ISR = (SR/VR )*

2) VD = ISRZL

3) VS = VR + VD

4) SS = VSx(ISR)*

Basic Electrical Engineering Solution



The Load Flow Problem
Sending 

End

Receiving 
End

VS = ?

Load
2 MVA, 3Ph 

85%PF

VR = 13.2 kVLL

Line

1.1034 + j2.0856 ohms/phase

ISR = ?

Solve for:

1) ISR = (SR/VR 

)*

2) VD = ISRZL

3) VS = VR + VD

4) SS = 
VSx(ISR)*

  

 

1

1

R

SR

S

S ( 2,000,000 / 3 ) cos (0.85 )

      666,666.67 31.79  VA

V (13,200 / 3 ) 0 7621.02 0  V

666,666.67 31.79
I 87.48 31.79  A

7621.02 0

VD 87.48 31.79 1.1034 j2.0856 178.15 j104.23  V

V 7621.02 j0 178







 

 

   

 
    

 

     

    

S

.15 j104.23 7,799.87 0.77  V

V 7,799.87 0.77 /1000* 3 13.51  k V

  

  



The Load Flow Problem

Load Flow of Distribution System

How do you solve for 
the Voltages, 
Currents, Power and 
Losses?

Bus1

Utility 

Grid

Bus2
Bus3

Bus4V1 = 67 kV

Lumped Load A
2 MVA 85%PF

Lumped Load B
1 MVA 85%PF

V2 = ?

V4 = ?

V3 = ?

I23 , Loss23 = ?

I24 , Loss24 = ?

I12 , Loss12 = ?

P1 , Q1 = ?

P2 , Q2 = ?

P3 , Q3

= ?
P4 , Q4 = ?



The Load Flow Problem

Sending 
End

Receiving 
End

VS = 13.2 kVLL

Load
2 MVA, 3Ph 
85%PFVR = ?

Load Flow of a Single Line

Line

1.1034 + j2.0856 ohms/phase

ISR = ?

SR = VR x (ISR)*

Injected Power at Receiving End

VS = VR + Z x ISR

Voltage at Sending End

VR = VS - Z x SR*/VR* 

Voltage at Receiving 
End

ISR = (SR / VR)*

Solving for the Current



The Load Flow Problem

Sending 
End

Receiving 
End

VS = 13.2 kVLL

Load
2 MVA, 3Ph 
85%PFVR = ?

Line

1.1034 + j2.0856 ohms/phase

ISR = ?

Converting Quantities in Per Unit

Base Power = 1 MVA

Base Voltage = 13.2 kV

Base Impedance = [13.2]2/1

= 174.24 ohms

VS(pu) = 13.2 /13.2 = 1/0

SR(pu) = 2/cos-1(0.85) / 1

Zpu = (1.1034 + 
j2.0856)/174.24

= 0.00633 + j0.01197

Load Flow of a Single Line



The Load Flow Problem

Sending 
End

Receiving 
End

VS = 13.2 kVLL

Load
2 MVA, 3Ph 
85%PFVR = ?

Line

1.1034 + j2.0856 ohms/phase

ISR = ?

VR
(k) = VS - Z x [SR]* / [VR

(k-1) ]* 

Let VR
(0) = 1/0

For k = 1

VR
(1) = __________

V(1) = __________

For k = 2

VR
(2) = __________

V(2) = __________

Load Flow of a Single Line



The Load Flow Problem

Sending 
End

Receiving 
End

VS = 13.2 kVLL

Load
2 MVA, 3Ph 
85%PFVR = ?

Line

1.1034 + j2.0856 ohms/phase

ISR = ?

VR
(k) = VS - Z x [SR]* / [VR

(k-1) ]* 

For k = 3

VR
(3) = __________

V(3) = __________

For k = 4

VR
(4) = __________

V(4) = __________

VR
(2) = __________

Load Flow of a Single Line



The Load Flow Problem

Sending 
End

Receiving 
End

VS = 13.2 kVLL

Load
2 MVA, 3Ph 
85%PFVR = ?

Line

1.1034 + j2.0856 ohms/phase

ISR = ?

VR
(k) = VS - Z x [SR]* / [VR

(k-1) ]* 

For k = 5

VR
(5) = __________

V(5) = __________

For k = 6

VR
(6) = __________

V(6) = __________

VR
(4) = __________

Load Flow of a Single Line



The Load Flow Problem

Sending 
End

Receiving 
End

VS = 13.2 kVLL

Load
2 MVA, 3Ph 
85%PFVR = ?

Line

1.1034 + j2.0856 ohms/phase

ISR = ?

VS = __________

VR = __________

VD = VS – VR

VD = __________

ISR = __________

SR  = __________

SS  = VS x [ISR]*

SS  = __________

Load Flow of a Single Line



The Load Flow Problem

Sending 
End

Receiving 
End

VS = 13.2 kVLL

Load
2 MVA, 3Ph 
85%PFVR = ?

Line

1.1034 + j2.0856 ohms/phase

ISR = ?

PFR = PR / SR

PFR = _________

PFS = PS / SS

PFS = _________

SLoss = PLoss + QLoss

SLoss = SS - SR

PLoss = _________

QLoss = _________

Load Flow of a Single Line



Backward/Forward Sweep 
Load Flow

• Load Flow for Radial Distribution System

• Procedure: Iterative Solution

• Initialization

• Solving for Injected Currents

• Backward Sweep

• Forward Sweep

• Solving for Injected Power

• Solving for Voltage Mismatch



Backward/Forward Sweep Load 
Flow

Bus1

Utility 

Grid

Bus2
Bus3

Bus4V1 = 67 kV

Lumped Load A
2 MVA 85%PF

Lumped Load B
1 MVA 85%PF

V2 = ?

V4 = ?

V3 = ?

I23 , Loss23 = ?

I24 , Loss24 = ?

I12 , Loss12 = ?

P1 , Q1 = ?

P2 , Q2 = ?

P3 , Q3 = ?

P4 , Q4 = ?

Load Flow for Radial Distribution System



Backward/Forward Sweep Load 
Flow

Bus1

Utility 

Grid

Bus2
Bus3

Bus4

V1 = 67 kV

V2

V4

V3

Equivalent Circuit

~

V1

0.131 + j1.595 pu

0.635 + j1.970 pu

0.4223 + j0.7980 pu

Base Values

Sbase = 10 MVA

Vbase1 = 67 kV

Vbase2 = 13.2 kV

1 + j0 pu 0.09 + 

j0.05 pu

0.17 + 

j0.11 pu



Backward/Forward Sweep Load 
Flow

Iterative Solution

Continue iteration by Backward-Forward Sweep until 
convergence is achieved

1. Solve Injected Currents by Loads

2. Solve Line Currents (Backward Sweep)

3. Update Voltages (Forward Sweep)

4. Solve for Injected Power

5. Solve for Power Mismatch

After convergence, solve Iinj, Pinj, Qinj, PF, PLoss, QLoss



Bus1

Utility 

Grid

Bus2
Bus3

Bus4

V1 = 67 kV

V2

V4

V3

Initialization

~

V1

0.131 + j1.595 pu

0.635 + j1.970 pu

0.4223 + j0.7980 pu

1 + j0 pu 0.009 + 

j0.005 pu

0.01

7 + 

j0.01

1 pu

V1
(0) = 1/0

V2
(0) = 1/0

V3
(0) = 1/0

V4
(0) = 1/0

Initialize,

Backward/Forward Sweep Load 
Flow



Bus1

Utility 

Grid

Bus2
Bus3

Bus4

V1 = 67 kV

V2

V4

V3

Solving for Injected Currents

~

V1

0.131 + j1.595 pu

0.635 + j1.970 pu

0.4223 + j0.7980 pu

1 + j0 pu 0.009 + 

j0.005 pu

0.017 + 

j0.011 pu

I1
(0) = 0

I2
(0) = 0

I3
(0) = S3* /[V3

(0)]* = __________

I4
(0) = S4* /[V4

(0)]* = __________

Solve 
Injected 
Currents 
by Loads

I1
(0) = 0

I2
(0) = 0

I3
(0) = S3* /[V3

(0)]* = __________

I4
(0) = S4* /[V4

(0)]* = __________

Backward/Forward Sweep Load 
Flow



Bus1

Utility 

Grid

Bus2
Bus3

Bus4

V1 = 67 kV

V2

V4

V3

Backward Sweep

~

V1

0.131 + j1.595 pu

0.635 + j1.970 pu

0.4223 + j0.7980 pu

1 + j0 pu 0.009 + 

j0.005 pu

0.017 + 

j0.011 pu

I24
(0) = I4

(0) = _______

I23
(0) = I3

(0) = _______

I12
(0) = 0 + I23

(0) + I24
(0) = _______

Solve Line 
Currents 

(Backward 
Sweep)

Backward/Forward Sweep Load 
Flow



Bus1

Utility 

Grid

Bus2
Bus3

Bus4

V1 = 67 kV

V2

V4

V3

Forward Sweep

~

V1

0.131 + j1.595 pu

0.635 + j1.970 pu

0.4223 + j0.7980 pu

1 + j0 pu 0.009 + 

j0.005 pu

0.017 + 

j0.011 pu

Update 
Voltages

(Forward 
Sweep)

V1
(1) = 1/0

V2
(1) = V1

(0) – [I12
(0)][Z12] = 

________

V3
(1) = V2

(0) – [I23
(0)][Z23] = 

________

V4
(1) = V2

(0) – [I24
(0)][Z24] = 

________

Backward/Forward Sweep Load 
Flow



Bus1

Utility 

Grid

Bus2
Bus3

Bus4

V1 = 67 kV

V2

V4

V3

Solving for Injected Power

~

V1

0.131 + j1.595 pu

0.635 + j1.970 pu

0.4223 + j0.7980 pu

1 + j0 pu 0.009 + 

j0.005 pu

0.017 + 

j0.011 pu

Solve 
Injected 
Power

P1
(1) = [V1

(1)][I1
(0)]* = ___________

P2
(1) = [V2

(1)][I2
(0)]* = ___________

P3
(1) = [V3

(1)][I3
(0)]* = ___________

P4
(1) = [V4

(1)][I4
(0)]* = ___________

Backward/Forward Sweep Load 
Flow



Bus1

Utility 

Grid

Bus2
Bus3

Bus4

V1 = 67 kV

V2

V4

V3

Solving for Power Mismatch

~

V1

0.131 + j1.595 pu

0.635 + j1.970 pu

0.4223 + j0.7980 pu

1 + j0 pu 0.009 + 

j0.005 pu

0.017 + 

j0.011 pu

Solve 
Power 
Mismatch

P1
(1) = P1

(1) - P1
(0)

P2
(1) = P2

(1) – P2
(0) = ____________ 

P3
(1) = P3

(1) – P3
(0) = ____________

P4
(1) = P4

(1) – P4
(0) = ____________

Backward/Forward Sweep Load 
Flow



Iterative Solution

Iteration 2:

Solve 
Injected 
Currents 
by Loads

I1
(1) = 0

I2
(1) = 0

I3
(1) = S3* /[V3

(1)]* = __________

I4
(1) = S4* /[V4

(1)]* = __________

I24
(1) = I4

(1) = _______

I23
(1) = I3

(1) = _______

I12
(1) = 0 + I23

(1) + I24
(1) = _______

Solve Line 
Currents 

(Backward 
Sweep)

Backward/Forward Sweep Load 
Flow



Iterative Solution

Update 
Voltages

(Forward 
Sweep)

V1
(2) = 1/0

V2
(2) = V1

(1) – [I12
(1)][Z12] = ________

V3
(2) = V2

(1) – [I23
(1)][Z23] = ________

V4
(2) = V2

(1) – [I24
(1)][Z24] = ________

Solve 
Injected 
Power

P1
(2) = [V1

(2)][I1
(1)]* = ___________

P2
(2) = [V2

(2)][I2
(1)]* = ___________

P3
(2) = [V3

(2)][I3
(1)]* = ___________

P4
(2) = [V4

(2)][I4
(1)]* = ___________

Backward/Forward Sweep Load 
Flow



Iterative Solution

Solve 
Power 
Mismatch

P1
(2) = P1

(2) - P1
(1)

P2
(2) = P2

(2) – P2
(1) = ____________ 

P3
(2) = P3

(2) – P3
(1) = ____________

P4
(2) = P4

(2) – P4
(1) = ____________

If Mismatch is higher than set convergence index, repeat the 
procedure (Backward-Forward Sweep) [Iteration 3]

Backward/Forward Sweep Load 
Flow



Iterative Solution

Iteration 3:

Solve 
Injected 
Currents 
by Loads

I1
(2) = 0

I2
(2) = 0

I3
(2) = S3* /[V3

(2)]* = __________

I4
(2) = S4* /[V4

(2)]* = __________

I24
(2) = I4

(2) = _______

I23
(2) = I3

(2) = _______

I12
(2) = 0 + I23

(2) + I24
(2) = _______

Solve Line 
Currents 

(Backward 
Sweep)

Backward/Forward Sweep Load 
Flow



Iterative Solution

Update 
Voltages

(Forward 
Sweep)

V1
(3) = 1/0

V2
(3) = V1

(2) – [I12
(2)][Z12] = ________

V3
(3) = V2

(2) – [I23
(2)][Z23] = ________

V4
(3) = V2

(2) – [I24
(2)][Z24] = ________

Solve 
Injected 
Power

P1
(3) = [V1

(3)][I1
(2)]* = ___________

P2
(3) = [V2

(3)][I2
(2)]* = ___________

P3
(3) = [V3

(3)][I3
(2)]* = ___________

P4
(3) = [V4

(3)][I4
(2)]* = ___________

Backward/Forward Sweep Load 
Flow



Iterative Solution

Solve 
Power 
Mismatch

P1
(3) = P1

(3) - P1
(2)

P2
(3) = P2

(3) – P2
(2) = ____________ 

P3
(3) = P3

(3) – P3
(2) = ____________

P4
(3) = P4

(3) – P4
(2) = ____________

If Mismatch is lower than set convergence index, compute 
power flows

Backward/Forward Sweep Load 
Flow



Bus1

Utility 

Grid

Bus2
Bus3

Bus4

Lumped Load A
2 MVA 85%PF

Lumped Load B
1 MVA 85%PF

VOLTAGE PROFILE

V1 = ________

V2 = ________

V3 = ________

V4 = ________

INJECTED POWER

P1 + jQ1 = ________ + j ________

P2 + jQ2 = ________ + j ________

P3 + jQ3 = ________ + j ________

P4 + jQ4 = ________ + j ________

Backward/Forward Sweep Load 
Flow



Bus1

Utility 

Grid

Bus2
Bus3

Bus4

Lumped Load A
2 MVA 85%PF

Lumped Load B
1 MVA 85%PF

POWER FLOW (P-Q)

P12 + jQ12 = ________ + j ________

P23 + jQ23 = ________ + j ________

P24 + jQ24 = ________ + j ________

POWER FLOW (Q-P)

P21 + jQ21 = ________ + j ________

P32 + jQ32 = ________ + j ________

P42 + jQ42 = ________ + j ________

Backward/Forward Sweep Load 
Flow



Bus1

Utility 

Grid

Bus2
Bus3

Bus4

Lumped Load A
2 MVA 85%PF

Lumped Load B
1 MVA 85%PF

Branch Currents

I12 = ________ 

I23 = ________

I24 = ________ POWER LOSSES

I2R12 + jI2X12 = ________ + j ________

I2R23 + jI2X24 = ________ + j ________

I2R24 + jI2X24 = ________ + j ________

Backward/Forward Sweep Load 
Flow



Uses of Load Flow Study

• Sensitivity Analysis with Load Flow Study

• Analysis of Existing Conditions

• Analysis for Correcting PQ Problems

• Expansion Planning

• Contingency Analysis

• System Loss Analysis



Sensitivity Analysis with Load Flow Study

9) Add or remove rotating or static var supply to buses.

8) Increase or decrease transformer size.

7) Change transformer taps.

6) Change bus voltages.

5) Increase conductor size on T&D lines.

4) Add new transmission or distribution lines.

3) Add, remove or shift generation to any bus.

2) Add, reduce or remove load to any or all buses.

1) Take any line, transformer or generator out of service.

Uses of Load Flow Studies



ECONOMIC JUSTIFICATION FOR 

CAPACITORS
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