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Course Objectives: 

 To know about fundamental aspects of distribution system, principle of distribution 

substations 

 To know about classification of various loads 

 To understand difference between conventional load flow studies of power system and 
distribution system load flow 

 To know about evaluation of voltage droop and power loss calculations, distribution 

automation and management system, SCADA 

Course Outcomes: 
• Understand basics of distribution systems and substations, modelling of various loads 

• Evaluation of  load flow solutions in distribution system  

• Evaluation of power loss and feeder cost 

• Analyze the concepts of SCADA, Automation distribution system and management 
 

UNIT IDISTRIBUTION SYSTEM FUNDAMENTALS 
Brief description about electrical power transmission and distribution systems, Different types of 
distribution sub-transmission systems, Substation bus schemes, Factors effecting the substation 

location, Factors effecting the primary feeder rating, types of primary feeders, Factors affecting the 

primary feeder voltage level, Factors effecting the primary feeder loading. 

UNIT II DISTRIBUTION SYSTEM SUBSTATIONS AND LOADS 
Substations: Rating of a distribution substation for square and hexagonal shaped distribution 

substation service area, K constant, Radial feeder with uniformly and non-uniformly distributed 

loading. Loads: Various types of loads, Definitions of various terms related to system loading, 
detailed description of distribution transformer loading, feeder loading, Modelling of star and delta 

connected loads, two-phase and single-phase loads, shunt capacitors. 

UNIT IIIDISTRIBUTION SYSTEM LOAD FLOW 
Exact line segment model, Modified line model, approximate line segment model, Step-Voltage 

Regulators, Line drop compensator, Forward/Backward sweep distribution load flow algorithm – 

Numerical problems 

 

UNIT IV VOLTAGE DROP AND POWER LOSS CALCULATION 
Analysis of non-three phase primary lines, concepts of four-wire multi-grounded common-neutral 

distribution system, Percent power loss calculation, Distribution feeder cost calculation methods, 
Capacitor installation types, types of three-phase capacitor-bank connections, Economic justification 

for capacitors – Numerical problems 

UNIT VDISTRIBUTION AUTOMATION 
Distribution automation, distribution management systems, distribution automation system functions, 

Basic SCADA system, outage management, decision support applications, substation automation, 

control feeder automation, database structures and interfaces. 

Textbooks: 
1. Distribution System Modelling and Analysis, William H. Kersting, CRC Press, Newyork, 

2002. 

2. Electric Power Distribution System Engineering, TuranGonen, McGraw-Hill Inc., New 
Delhi, 1986.  

Reference Books: 

1. Control and automation of electrical power distribution systems, James Northcote-Green and 
Robert Wilson, CRC Press (Taylor & Francis), New York, 2007. 

Online Learning Resources: .https://onlinecourses.nptel.ac.in/noc22_ee126/preview 
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UNIT-II 

DISTRIBUTION SYSTEM SUBSTATIONS AND LOADS 

Substation: 

A substation is a component of power system which receives electric energy at a relatively higher 

voltage and delivers to the consumers at lower voltage. It is a link between the transmission and 

distribution systems and converts high voltage electrical power into low voltage electrical power. 

To be precise, a substation may be defined as an assembly of apparatus installed to perform any one 

or two or all of the following operations. 

I. To switch on and off the power supply, i.e., switching operation. 

II. To transform voltage from higher to lower or viceversa, i.e., voltage transformation 

operation. 

III. To convert frequency from higher to lower or vice- versa i.e., frequency converting 

operation. 

IV. To convert A.C. into D.C. or vice-versa, i.e., power converting operation. 

V. To improve the power factor by installing synchronous condensers at the end of the line, 

i.e., power factor correction operation. 

 
Location of substations: 

The location of substation is dictated by the voltage levels, voltage regulation considerations, sub 

transmission costs, substation costs, and costs of primary feeders, mains and distribution 

transformers. It is, therefore, essential to exercise utmost care while designing and building a 

substation. The following points must be considered, while selecting the location of a substation. 

 
1. The location should be as near the load center as possible, so that the addition of load times 

the distance from the substation is a minimum. 

2. Is should be such that proper voltage regulation can be obtainable without taking extensive 

measures. 

3. Far away from obstructions, to permit easy and safe approach of high voltage overhead 

transmission lines. 

4. The location should provide proper access for incoming sub transmission lines and outgoing 

primary feeders and also allows for future growth. 

5. The substation location should provide enough space for the future expansion. 
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6. The location must not be opposed by land use regulation, local ordinances, and neighbours. 

7. The selected location should help to minimize the number of customers affected by any 

service discontinuity 

8. It must be easily accessible to the road to facilitate transport of plant and equipment. 

 
 

9. The site selected should have sufficient area to properly accommodate the substation, 

structures, and equipment, switchgear, etc. 

A part form the above, non- technical factors such as adaptability, emergency, etc., must also be 

considered while choosing a location. 

Centre of Gravity of Load: 

The selection of site for substation is of prime importance in the planning of distribution 

systems. The most economical position of the substation will be at the centre of gravity of the loads 

to be supplied. This may normally not be possible as the load centre will be in the heart of the city, 

where the cost of land and other activates may by exorbitant and hence a compromise is made in 

choosing the site. 

 
In order to find out the centre of gravity of the loads for the location of the substation, following 

general procedure is adopted. 

 
Let 𝑚1, 𝑚2, ……… 𝑚𝑛   be the loads in kW of the various towns and industrial centres and 𝑥1, 𝑥2, 

….. 𝑥𝑛 their distances with respect to a reference point, then the centre of gravity 𝑥 ̅ with respect oa 

reference point is given by 

x  m1 x1  m2 x2  .......... mn xn 

(m1  m2  ......... mn ) 

 
Similarly, �̅� coordinate of the location of substation is obtained. Thus 

 
 

y  
m1 y1  m1 y2  ........... mn yn 

(m1  m2  ........ mn ) 

 

Where 𝑦1, 𝑦2, ........... 𝑦𝑛 are the y – coordinates of the loads. 

For this location of the substation, the volume of copper required to feed to various loads, for the same 

voltage drops, is minimum. 
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Classification of Substations: 

There are several ways of classifying substations based on various factors like service 

requirement, design feature, etc., 

Depending upon the service requirement, they may be classified as, 

i. Transformer substations 

ii. Switching substations 

iii. Power factor correcting substations 

iv. Frequency changer substations 

v. Converting substations 

vi. Industrial substation 

Depending upon the physical design features, which infact are governed by operating voltages, the 

substations may be classified as 

 
i. Outdoor substations 

ii. Indoor substation 

iii. Underground substations 

iv. Pole – Mounted substations 

 
Normally for voltages 33 Kv and above, outdoor substations are recommended 

because of the large air clearness required. All the equipment lies open in the air. Such substations 

are either situated near a power station ( step up substion) or near a large load centre ( step down 

substation). A single line diagram of a typical outdoor substation with two 132 kV feeders 

incoming and one 33 kV feeder outgoing, is given in figure 3.1 (a). 

The equipment in an indoor substation lies in a room. The operating voltages are 400V, 3- phase, 4- 

wire, L.T and H.T. voltages may range anything between 3.3 kv to 11 kv. These substation are 

located in towns. A single line diagram of a typical indoor substation (11kv/0.4kv) is given in 

figure 3.1 (b). 

In thickly populated areas, the space available for equipment and building in limited and the cost of 

land is high. Under such situations, the substation is created underground. All the equipment and 

other installations are mounted in the rooms built underground. Cooling and ventilation must be 

properly provided for such stations. 

Pole mounted substations are step-down substations where all the equipment is mounted on poles. 

These substations are quite simple and cheap as no building for housing the equipments is required. 
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The main disadvantage of such substations is that they are low capacity usually upto 500 kVA as 

the size of the transformer for large capacity becomes quite big and it cannot be mounted on poles. 

A single line diagram of a typical 11 kv/0.4kv, 500 KVA pole mounted substation is shown in 

figure 3.1 (c). 
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Substation Equipment: 
The equipment required for a transformer substation depends upon the type of substation, service 

requirement and degree of protection desired. However in general, any substation consists of power 

converting equipment, switching apparatus, switchgear for protection and measuring devices like 

voltmeters, ammeters and wattmeters. 

A typical substation may include the following equipment: 

1. Power transformers 

2. Circuit breakers 

3. Disconnection switches 

4. Station buses and insulators 

5. Current limiting reactors 

6. Shunt reactors 

7. Current transformers 

8. Potential transformers 

9. Capacitor voltage transformers 

10. Coupling capacitors 

11. Series capacitors 

12. Shunt capacitors 

13. Grounding system 

14. Lightning arresters and/ or gaps 

15. Line traps 

16. Protective relays 

17. Station batteries and 

18. Other apparatus 
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A key diagram of 66/11kv substation employing some of all the above equipment  
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Rating of Distribution Substation: 

The distribution substation, which is made of power transformers together with the voltage – 

regulating apparatus, fuses and switchgear reduces the sub transmission voltage to a lower primary 

system voltage for local distribution. The three- phase primary feeder, which is usually, operating 

in the range of 11 KV to 33 KV, distributes energy from the low – voltage bus of the substation to 

its load center where it branches into three- phase sub feeders and single laterals. Distribution 

transformers, generally rated from 10 to 500 KVA, are usually connected to each primary feeder, 

sub feeders, and laterals. The exact rating of these substations depends upon various factors such as 

the load to which it is subjected, voltage drop, future expansion, etc. 

The additional capacity requirements of a system with increasing load density can be met by: 

1. Either holding the service area of a given substation constant and increasing its capacity. 

2. Or developing new substations and thereby holding the rating of the give substation 

constant. 

It is helpful to assume that the system changes (1) at constant load density for short- term distribution 

planning and (2) at increasing load density for long term planning. It is customary and helpful to 

employ geometric figures to represent substation service areas as its simplifies greatly the 

comparison of alterative plans which may require different sizes of distribution substation, 

different numbers of primary feeders and different primary feeder voltages. 

 
In this section, general methods of determining the ratings are explained. For this purpose, three 

different cases are considered, they are: 

 
i. Case I : square-shaped service area served by four primary feeders. 

ii. Case II : hexagonal-shaped service area served by six feeders 

iii. Case III : substation service area with n primary feeders (General Case). 

 

 

Case I : Square Distribution Substation Area: 
 

 

Figure 3.1 shows a square-shaped distribution substation area, served by four primary feeders 

from a central feed point. Each feeder and its lateral are of three phase. Dots represent balanced 

three phase loads lumped at that location and fed by distribution transformers 
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Figure 3.1square- shaped distribution service area 

Here, the percent voltage drop from the feed point ‘a’ to the end of the last lateral at ‘c’ is 

% 𝑉𝐷𝑎𝑐 = % 𝑉𝐷𝑎𝑏 + % 𝑉𝐷𝑏𝑐 

 

 

The voltage- drop equation can be simplified by introducing a constant K which can be defined as 

percent voltage drop per kilovolt ampere-mile.  

In figure 3.5 each feeder serves a total load of 
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Case II : Hexagonal- Shaped Distribution Substation Area: 

 

 
 

Figure 3.2: Hexagonally- shaped distribution substation area 
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Case III: Substation Service Area With ‘N’ Primary Feeders (General Case): 

 

 

Above Figure  shows the general case in which the distribution substation service area is served by 

‘n’ primary feeders emanating from the point. Assume that the load in the service area is 

uniformly distributed and each feeder serves an area of triangular shape.  

 

The differential load served by the feeder in a differential area of dA is :  
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RADIAL FEEDERS WITh UNIFORMLY DISTRIBUTED LOAD 
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RADIAL FEEDERS WITh NONUNIFORMLY DISTRIBUTED LOAD 
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        Recently, the formula given earlier has been modified for rural areas and expressed as 
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MODELLING OF STAR AND DELTA CONNECTED LOADS 
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PART B QUESTIONS 

1. Explain Rating of a distribution substation for square and hexagonal shaped distribution substation  

         service area 

2. Explain Rating of a distribution substation can be calculated by taking a general case with “n” number 
    of feeders 

3. Derive an Expression for the power loss in a uniformly loaded distributor fed at one end. 

4. Derive an Expression for the power loss in a non uniformly loaded distributor fed at one end. 

5. Derive the K Constant? 

6. Comparison of the Four- and Six-Feeder Patterns? 

7. How is Load Modeling done in distributed networks  (or ) 

Explain Load Modeling & its Characteristics 

8. Explain detailed description of distribution transformer loading 

9. Explain Feeder Loading? 

10. Derive the Relation Between Loss factor and Load factor  

 

11. Explain different types of Loads 

 

12. Explain the characteristics of residential, Agricultural, industrial &commercial loads (Nov/Dec-16Reg) 

 

 

13. A power supply is having the following loads: (June 2017 -Supply) 

 
Type of load Maximum demand Diversity of group Demand factor 

Domestic 1500 KW 1.2 0.80 

Commercial 200 KW 1.1 0.80 

Industrial 1000 KW 1.25 1.0 

 

If the overall system diversity factor is 1.35, determine: 

i. Maximum demand 

ii. Connected load of each type 

 

14. (A) Define Load factor and Loss factor (June 2017 –Supply R09) 

a. Assume that the annual peak load of a primary feeder is 2500 kW, at which the power is 

70 kW per three Phases. Assuming an annual loss factor of 0.15. Determine: 

i. The average annual power loss 

ii. The total annual energy loss due to the copper losses of the feeder. 

15. (A) Explain the following terms: (June/July 2014-Supply (R09)) 

(i) Maximum demand. (ii) Coincident demand. (iii) Contribution factor. 

(B) Assume that the annual peak load of a primary feeder is 2000 kW, at which the power is 80 kW 

per three phases. Assuming an annual loss factor of 0.15. Determine: (i) The average annual 

power loss (ii) The total annual energy loss due to the copper losses of the feeder. 
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16.  (A) Define Coincidence Factor and Contribution Factor (December/January 2013/14 –REG(R09)) 

(B) A 120 MW substation delivers 120 MW for 4 Hrs, 60 MW for 10 Hrs and shut down for rest of 

each day. It is also shut down for the maintenance for 30 days each year. Calculate its annual 

load factor. 

 

17. (A) Write short notes on load modeling and its characteristics. 

(B) A generating station has the following daily load cycle. 

 

Time(hrs) 0-6 6-10 10-12 12-16 16-20 20-24 

Load(mw) 30 40 20 70 50 40 

Draw the load curve and find: i) Maximum demand ii) Units generated per day 

iii) Average load iv) Load factor 

18. (A) The maximum demand of a generating station is 200mw.The annual load factor 

being 60%.calculate the total electrical energy generated per year? 

(B) The annual peak load on a 30mw power station is 25 mw. The power station supplies loads 

having maximum demands of 10mw, 8.5mw, 5mw, and 4.5mw.The annual load factor is 45%. 
 

Find i) Average load ii) Energy supplied per year iii) Demand factor iv) Diversity factor 

 

19. A) Discuss the effect of load factor on the cost of generation in a power system. 

B) Discuss the characteristics of different loads. 

20. A feeder supplies 2 MW to an area. The total losses at peak load are 100 kW and units 

supplied to that area during an year are 5.61 million. Calculate the loss factor and Average 

power loss. 

 

21. A generating station has a maximum demand of 25 MW, a load factor of 60%, a plant capacity factor 

of 50% and a plant use factor of 72%. Find: (i) The daily energy produced. (ii) The reserve capacity of the 

plant.iii) The maximum energy that could be produced daily if the plant, while running as per schedule, were 

fully loaded. 

22. Draw Substation Diagram mentioning all equipments 

23. Name the Classification of substations 

24. Explain Optimal Location of substations 



EDSA 

UNIT 3 

DISTRIBUTION SYSTEM LOAD FLOW 

SYLLABUS: Exact line segment model, Modified line model, approximate line segment model, Step 

Voltage Regulators, Line drop compensator, Forward/Backward sweep distribution load flow 

algorithm – Numerical problems 

 

The modeling of distribution overhead and underground line segments is a critical step in the analysis 

of a distribution feeder. It is important in the line modeling to include the actual phasing of the line 

and the correct spacing between conductors. The method for the computation of the phase 

impedance and phase admittance matrices with no simplifying assumptions are developed. Those 

matrices will be used in the models for overhead and underground line segments. 

Exact Line Segment Model: 

The model of a three-phase, two-phase, or single-phase overhead or underground line is shown in 

Figure 1. When a line segment is two phase (V phase) or single phase, some of the impedance and 

values will be zero. In all cases the phase impedance and phase admittance matrices were 3 × 3. Rows 

and columns of zeros for the missing phases represent two-phase and single-phase lines. Therefore, 

one set of equations can be developed to model all overhead and underground line segments. The 

values of the impedances and admittances in Figure 1 represent the total impedances and 

admittances for the line.  

For the line segment of Figure 1, the equations relating the input (node n) voltages and currents to 

the output (node m) voltages and currents are developed as follows.  

Kirchhoff’s current law applied at node m is represented by 

…….. 6.1 

 

 



 

                            

Fig 1: Three-phase line segment model 



 



 



 



 

 



 



 

 



 

 

 

 



Modified Line Model : 

 Figure 6.2 shows the modified line segment model with the shunt admittance neglected. When the 

shunt admittance is neglected, the generalized matrices become 

 



a) Three-Wire Delta Line : 

 



b) Computation of Neutral and Ground Currents : 
the Kron reduction method was used to reduce the primitive impedance matrix to the 3 × 3 

phase impedance matrix. Figure 6.3 shows a three-phase line with grounded neutral that is 

used in the Kron reduction. Note that the direction of the current flowing in the ground is 

shown in Figure 6.3 

 

 

 

 

 

 



 

 



 

 

 

 



Approximate Line Segment Model : 
 

 Many times the only data available for a line segment will be the positive and zero sequence 

impedances. The approximate line model can be developed by applying the “reverse 
impedance transformation” from symmetrical component theory 

 

 
 

 



 
 

 

Figure 6.4 shows a simple equivalent circuit for the line segment since no mutual coupling has 

to be modeled. It must be understood, however, that the equivalent circuit can only be used 

when transposition of the line segment has been assumed. 



 
 

 



 
 



 
 

 

 

 

 

 

 

 



Voltage Regulation : 

The regulation of voltages is an important function on a distribution feeder. As the loads on 

the feeders vary, there must be some means of regulating the voltage so that every customer’s 
voltage remains within an acceptable level. Common methods of regulating the voltage are 

the application of step type voltage regulators, load tap changing (LTC) transformers, and 

shunt capacitors. 

 

Standard Voltage Ratings : 

 

 
 

 

 

 

 



 

 

 



Step-Voltage Regulators : 
 

 A step-voltage regulator consists of an autotransformer and a LTC mechanism. The voltage 

change is obtained by changing the taps of the series winding of the autotransformer. The 

position of the tap is determined by  

 

 



 

 

a) Single-Phase Step-Voltage Regulators : 
Because the series impedance and shunt admittance values of step-voltage regulators are 

so small, they will be neglected in the following equivalent circuits. It should be pointed 

out, however, that if it is desired to include the impedance and admittance, they can be 

incorporated into the following equivalent circuits in the same way they were originally 

modeled in the autotransformer equivalent circuit. 

 

1) Type A Step-Voltage Regulator : 

 

 

 

 



 

 



 
ii ) Type B Step-Voltage Regulator : 
The more common connection for step-voltage regulators is the Type B. Since this 

is the more common connection, the defining voltage and current equations for 

the voltage regulator will be developed only for the Type B connection. The 

detailed and abbreviated equivalent circuits of a Type B step-voltage regulator in 

the “raise” position are shown in Figure 7.9 

 



 

 
 



iii) Generalized Constants : 
generalized a, b, c, and d constants have been developed for various devices. It 

can now be shown that the generalized a, b, c, and d constants can also be 

applied to the step-voltage regulator. For both Type A and Type B regulators, the 

relationship between the source voltage and current to the load voltage and 

current is of the form: 

 
 

 

 

 

 

 

 

 

 



iv) Line Drop Compensator : 

 
 

 

 

 

 

 

 

 

 

 

 



 



b) Three-Phase Step-Voltage Regulators : 

 

 
 

 

 

 

 

 

 

i) Wye-Connected Regulator : 
Three Type B single-phase regulators connected in wye are shown in 

Figure 7.12. In Figure 7.12 the polarities of the windings are shown in 

the “raise” position. When the regulator is in the “lower” position, a 
reversing switch will have reconnected the series winding so that the 

polarity on the series 

 



 

 



 
to have a three-phase regulator connected in wye where the voltage and 

cur rent are sampled on only one phase and then all three phases are changed 

by the same number of taps. 

 

 

 

 



ii ) Closed Delta–Connected Regulators : 

 
 





As with the wye-connected regulators, the matrices [b] and [c] are zero as long 

as the series impedance and shunt admittance of each regulator are neglected. 

The closed delta connection can be difficult to apply. Note that in both the 

voltage and current equations, a change of the tap position in one regulator will 

affect voltages and currents in two phases. As a result, increasing the tap in one 

regulator will affect the tap position of the second regulator. In most cases, the 

bandwidth setting for the closed delta connection will have to be wider than 

that for wye-connected regulators. 



 
iii)Open Delta–Connected Regulators: 

 
 



 









 
 

 

 



FORWARD/BACKWARD SWEEP 

DISTRIBUTION LOAD FLOW ALGORITHM 

 
Modified “Ladder” Iterative Technique: 

The ladder technique is composed of two parts:  

1. Forward sweep  

2. Backward sweep  

 

 
 

 









 
 

2 MARKS QUESTION & ANSWERS: 

1. Write the Equations of  Exact Line Segment Model ? 

       Ans:  

 
The Line Current at node  n :  

 
 

Voltage Unbalance: 

 



2. Draw the Exact Line Segment Model ? 

      Ans:  

 
 

3. Write the Generalized Matrices for Modified Line Segment Model? 

      Ans: When the shunt admittance is neglected, the generalized matrices become 

 

 
 

4. Draw the Modified Line Segment Model diagram: 

     Ans:  

 
5. Draw the Approximate Line Segment Model diagram: 

Ans:  

 



6. The ladder technique is composed of how many parts? 

ANS:  1. Forward sweep 2. Backward sweep 

7. Draw the Flowchart for Forward/ Backward sweep Distribution Load Flow Algorithm 

( Ladder Technique) ? 

Ans:  

 

8. Write the Receiving End Voltage Equations for Forward/ Backward sweep 

Distribution Load Flow Algorithm (Ladder Technique)? 

Ans:  

 

9. Short notes on Standard Voltage Ratings? 

      Ans:  

 



10. Define System Voltage? 

Ans: The root mean square (rms) phasor voltage of a portion of an alternating current electric 

system. Each system voltage pertains to a portion of the system that is bounded by transformers 

or utilization equipment 

11. Define Nominal system voltage? 

Ans: The voltage by which a portion of the system is designated and to which certain operating 

characteristics of the system are related. Each nominal system voltage pertains to a portion of 

the system bounded by transformers or utilization equipment 

12. Define Maximum system voltage? 

Ans: The highest system voltage that occurs under normal operating conditions, and the highest 

system voltage for which equipment and other components are designed for satis factory 

continuous operation without derating of any kind. 

13. Define Service voltage? 

Ans: : The voltage at the point where the electrical system of the supplier and the electrical 

system of the user are connected. 

14. Define Utilization voltage? 

Ans: The voltage at the line terminals of utilization equipment. 

15. Define Nominal utilization voltage? 

Ans: The voltage rating of certain utilization equipment used on the system. 

 

10 Marks Questions: 

1. Explain Exact Line Segment Model with Neat Diagram and Analysis? 

2. Explain Modified Line Segment Model with Neat Diagram and Analysis? 

3. Explain Approximate Line Segment Model with Neat Diagram and Analysis? 

4. Explain Step Voltage Regulator with Neat Diagram? 

5. Explain Different Types of Step Voltage Regulators with Neat Diagrams? 

6. Explain Line drop compensator with Neat Diagrams? 

7. Explain Forward / Backward sweep distribution Load flow Algorithm ( Ladder 

Technique ) with  flowchart? 

 

 

 



EDSA 

UNIT IV 

Voltage-Drop and Power-Loss Calculation 

Analysis of non-three phase primary lines, concepts of four-wire multi-grounded common neutral 

distribution system, Percent power loss calculation, Distribution feeder cost calculation methods, 

Capacitor installation types, types of three-phase capacitor-bank connections, Economic justification 

for capacitors – Numerical problems 

 

As discussed in THREE-PHASE BALANCED PRIMARY LINES , a utility company strives to achieve a well-

balanced distribution system in order to improve system voltage regulation by means of equally 

loading each phase. Figure 7.1 shows a primary system with either a three-phase three-wire or a 

three-phase four-wire main. The laterals can be either (1) three-phase three-wire, (2) three-phase 

four-wire, (3) single phase with line-to-line voltage, ungrounded, (4) single phase with line-to-neutral 

voltage, grounded, or (5) two-phase plus neutral, open wye. 

 

 

 

NON-THREE-PHASE PRIMARY LINES: 

Usually there are many laterals on a primary feeder that are not necessarily in three phase, for 

example, single phase, which causes the voltage drop and power loss due to load current not only in 

the phase conductor but also in the return path. 

I) SINGLE-PHASE TWO-WIRE LATERALS WITH UNGROUNDED NEUTRAL:  

 

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. Since the power input 

to the lateral is the same as before,  

 

S1φ = S3φ      ---------------------(7.1) 



where the subscripts 1ϕ and 3ϕ refer to the single-phase and three-phase circuits, respectively. 

Equation 7.1 can be rewritten as    

       ……(7.2) 

where Vs is the line-to-neutral voltage. Therefore, from Equation 2, 

 



 



II) SINGLE-PHASE TWO-WIRE UNGROUNDED LATERALS : 

In general, this system is presently not used due to the following disadvantages. There is no earth 

current in this system. It can be compared to a three-phase four-wire balanced lateral in the following 

manner. Since the power input to the lateral is the same as before, 

S1φ = S3φ      ---------------------(7.16) 

 

 



 

III ) SINGLE-PHASE TWO-WIRE LATERALS WITH MULTIGROUNDED COMMON NEUTRALS : 

 
Figure 7.2 shows a single-phase two-wire lateral with multigrounded common neutral. As shown in 

the figure, the neutral wire is connected in parallel (i.e., multigrounded) with the ground wire at 

various places through ground electrodes in order to reduce the current in the neutral. “Ia” is the 

current in the phase conductor, “Iw” is the return current in the neutral wire, and Id is the return 

current in Carson’s equivalent ground conductor. According to Morrison [1], the return current in 
the neutral wire is  

 

and it is almost independent of the size of the neutral conductor. 

 

 



 

 

IV ) TWO-PHASE PLUS NEUTRAL (OPEN-WyE) LATERALS : 

 

 



 



 

PROBLEMS:  

 

 



 



 



 

 

 

 

 

 

 

 

 

 

 



3. FOUR-WIRE MULTIGROUNDED COMMON NEUTRAL DISTRIBUTION SYSTEM 

 
Figure 7.4 shows a typical four-wire multigrounded common neutral distribution system. Because of 

the economic and operating advantages, this system is used extensively. The assorted secondaries can 

be, for example, either (1) 120/240 V single-phase three wire, (2) 120/240 V three-phase four wire 

connected in delta, (3) 120/240 V three-phase four-wire connected in open delta, or (4) 120/208 V 

three-phase four wire connected in grounded wye. Where primary and secondary systems are both 

existent, the same conductor is used as the common neutral for both systems. The neutral is grounded 

at each distribution transformer, at various places where no transformers are connected and to water 

pipes or driven ground electrodes at each user’s service entrance. The secondary neutral is also 

grounded at the distribution transformer and the service drops (SDs). 

Typical values of the resistances of the ground electrodes are 5, 10, or 15 Ω. Under no circumstances 
should they be larger than 25 Ω. Usually, a typical metal water pipe system has a resistance value of 

less than 3 Ω. A part of the unbalanced, or zero sequence, load current flows in the neutral wire, and 
the remaining part flows in the ground and/or the water system. Usually the same conductor size is 

used for both phase and neutral conductors.  

 

 

 

 

 



PROBLEMS: 

 



 



 

 

 

 

 

 

 

 

 

 



4 ) PERCENT POWER (OR COPPER) LOSS : 

 

Distribution feeder cost calculation methods 

5) METHOD TO ANALYZE DISTRIBUTION COSTS : 

 

 

 

 



5.1 ANNUAL EQUIVALENT OF INVESTMENT COST: 

 

5.2 ANNUAL EQUIVALENT OF ENERGY COST: 

 

 

 

 

 



5.3 ANNUAL EQUIVALENT OF DEMAND COST : 

 

5.4 ) LEVELIZED ANNUAL COST : 

In general, the costs of energy and demand and even O&M expenses vary from year to year during a 

given time, as shown in Figure 7.16a; therefore, it becomes necessary to levelize these costs over the 

expected economic life of the feeder, as shown in Figure 7.16b 

 



 

 

5.6 ECONOMIC ANALYSIS OF EQUIPMENT LOSSES : 

Today, the substantially escalating plant, equipment, energy, and capital costs make it increasingly 

more important to evaluate losses of electric equipment (e.g., power or distribution transformers) 

before making any final decision for purchasing new equipment and/or replacing (or retiring) existing 

ones. For example, nowadays it is not uncommon to find out that a transformer with lower losses but 

higher initial price tag is less expensive than the one with higher losses but lower initial price when 

total cost over the life of the transformer is considered. However, in the replacement or retirement 

decisions, the associated cost savings in O&M costs in a given life cycle analysis* or life cycle cost study 

must be greater than the total purchase price of the more efficient replacement transformer. Based 

on the “sunk cost” concept of engineering economy, the carrying charges of the existing equipment 

do not affect the retirement decision, regardless of the age of the existing unit. In other words, the 

fixed, or carrying, charges of an existing equipment must be amortized (written off) whether the unit 

is retired or not 

The transformer cost study should include the following factors: 1. Annual cost of copper losses 2. 

Annual cost of core losses 3. Annual cost of exciting current 4. Annual cost of regulation 5. Annual cost 

of fixed charges on the first cost of the installed equipment These annual costs may be different from 

year to year during the economical lifetime of the equipment. Therefore, it may be required to levelize 

them, as explained in Section 7.5.4. Read Section 6.7 for further information on the cost study of the 



distribution transformers. For the economic replacement study of the power transformers, the 

following simplified technique may be sufficient. Dodds [10] summarizes the economic evaluation of 

the cost of losses in an old and a new transformer step by step as given in the following text: 1. 

Determine the power ratings for the transformers as well as the peak and average system loads. 2. 

Obtain the load and no-load losses for the transformers under rated conditions. 3. Determine the 

original cost of the old transformer and the purchase price of the new one. 4. Obtain the carrying 

charge rate, system capital cost rate, and energy cost rate for your particular utility. 5. Calculate the 

transformer carrying charge and the cost of losses for each transformer. The cost of losses is equal to 

the system carrying charge plus the energy charge. 6. Compare the total cost per year for each 

transformer. The total cost is equal to the sum of the transformer carrying charge and the cost of 

losses. 7. Compare the total cost per year of the old and new transformers. If the total cost per year 

of the new transformer is less, replacement of the old transformer can be economically justified. 

Application of Capacitors to Distribution Systems 

BASIC DEFINITIONS: 

Capacitor element: An indivisible part of a capacitor consisting of electrodes separated by a dielectric 

material  

Capacitor unit: An assembly of one or more capacitor elements in a single container with terminals 

brought out  

Capacitor segment: A single-phase group of capacitor units with protection and control system  

Capacitor module: A three-phase group of capacitor segments Capacitor bank: a total assembly of 

capacitor modules electrically connected to each other 

POWER CAPACITORS : 

At a casual look, a capacitor seems to be a very simple and unsophisticated apparatus, that is, two 

metal plates separated by a dielectric insulating material. It has no moving parts but instead functions 

by being acted upon by electric stress. In reality, however, a power capacitor is a highly technical and 

complex device in that very thin dielectric materials and high electric stresses are involved, coupled 

with highly sophisticated processing techniques. Figure 8.1 shows a cutaway view of a power factor 

correction capacitor. Figure 8.2 shows a typical capacitor utilization in a switched pole-top rack. In the 

past, most power capacitors were constructed with two sheets of pure aluminum foil separated by 

three or more layers of chemically impregnated kraft paper. Power capacitors have been improved 

tremendously over the last 30 years or so, partly due to improvements in the dielectric materials and 

their more efficient utilization and partly due to improvements in the processing techniques involved. 

Capacitor sizes have increased from the 15–25 kvar range to the 200–300 kvar range (capacitor banks 

are usually supplied in sizes ranging from 300 to 1800 kvar). Nowadays, power capacitors are much 

more efficient than those of 30 years ago and are available to the electric utilities at a much lower cost 

per kilovar. In general, capacitors are getting more attention today than ever before, partly due to a 

new dimension added in the analysis: changeout economics. Under certain circumstances, even 

replacement of older capacitors can be justified on the basis of lower-loss evaluations of the modern 

capacitor design. Capacitor technology has evolved to extremely low-loss designs employing the all-

film concept; as a result, the utilities can make economic loss evaluations in choosing between the 

presently existing capacitor technologies. 

 



 

 

 



 

 

 

 



 

 

 



 



 

PROBLEMS: 



 

 

 

 

 

 

 



POWER FACTOR CORRECTION : 

GENERAL: 

 A typical utility system would have a reactive load at 80% power factor during the summer months. 

Therefore, in typical distribution loads, the current lags the voltage, as shown in Figure 8.7a. The cosine 

of the angle between current and sending voltage is known as the power factor of the circuit. If the 

in-phase and out-of-phase components of the current I are multiplied by the receiving-end voltage VR 

, the resultant relationship can be shown on a triangle known as the power triangle, as shown in Figure 

8.7b. Figure 8.7b shows the triangular relationship that exists between kilowatts, kilovoltamperes, and 

kilovars. Note that, by adding the capacitors, the reactive power component Q of the apparent power 

S of the load can be reduced or totally suppressed. Figures 8.8a and 8.9 illustrate how the reactive 

power component Q increases with each 10% change of power factor. Figure 8.8a also illustrates how 

a portion of lagging reactive power Qold is cancelled by the leading reactive power of capacitor Qc . 

Note that, as illustrated in Figure 8.8, even an 80% power factor of the reactive power (kilovar) size is 

quite large, causing a 25% increase in the total apparent power (kilovoltamperes) of the line. At this 

power factor, 75 kvar of capacitors is needed to cancel out the 75 kvar of the lagging component. As 

previously mentioned, the generation of reactive power at a power plant and its supply to a load 

located at a far distance is not economically feasible, but it can easily be provided by capacitors (or 

overexcited synchronous motors) located at the load centers. Figure 8.10 illustrates the power factor 

correction for a given system. As illustrated in the figure, capacitors draw leading reactive 

 



 

 

 

 

 

 

 

 

 



ECONOMIC POWER FACTOR : 

As can be observed from Figure 8.10b, the apparent power and the reactive power are decreased 

from S1 to S2 kVA and from Q1 to Q2 kvar (by providing a reactive power of Q), respectively. The 

reduction of reactive current results in a reduced total current, which in turn causes less power losses.

  

Thus, the power factor correction produces economic savings in capital expenditures and fuel 

expenses through a release of kilovoltamperage capacity and reduction of power losses in all the 

apparatus between the point of installation of the capacitors and the power plant source, including 

distribution lines, substation transformers, and transmission lines. The economic power factor is the 

point at which the economic benefits of adding shunt capacitors just equal the cost of the capacitors. 

In the past, this economic power factor was around 95%. Today’s high plant and fuel costs have pushed 
the economic power factor toward unity. However, as the corrected power factor moves nearer to 

unity, the effectiveness of capacitors in improving the power factor, decreasing the line 

kilovoltamperes transmitted, increasing the load capacity, or reducing line copper losses by decreasing 

the line current sharply decreases. Therefore, the correction of power factor to unity becomes more 

expensive with regard to the marginal cost of capacitors installed. 

 

USE OF A POWER FACTOR CORRECTION TABLE : 

 

 



 

 



 

 



 

PRACTICAL METHODS USED By THE POWER INDUSTRY FOR POWER FACTOR IMPROVEMENT 

CALCULATIONS 

 



 

REAL POWER-LIMITED EqUIPMENT : 

Certain equipments such as turbogenerator (i.e., turbine generators) and engine generator sets have 

a real power (P) limit of the prime mover as well as a kVA limit of the generator. Usually the real power 

limit corresponds to the generator S rating, and the set is rated at that P value at unity power factor 

operation. Other real power (P) values that correspond to the lesser power factor operations are 

determined by the power factor and real power (S) rating at the generator in order that the P and S 

ratings of the load do not exceed the S rating of the generator. Any improvement of the power factor 

can release both P and S capacities. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



COMPUTERIZED METHOD TO DETERMINE THE ECONOMIC POWER FACTOR : 

 

PROBLEMS: 



 

 

 



 



 



 

 



 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CAPACITOR INSTALLATION TyPES : 

In general, capacitors installed on feeders are pole-top banks with necessary group fusing. The fusing 

applications restrict the size of the bank that can be used. Therefore, the maximum sizes used are 

about 1800 kvar at 15 kV and 3600 kvar at higher voltage levels. Usually, utilities do not install more 

than four capacitor banks (of equal sizes) on each feeder 

 

 



 

 

 

 



 

 

 

 



 



 

 



 

 

 

 

 

 

 

 

 

 

 

 



 



 

 



 



 



 

 



 



 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 



 



 



 



 

 

 



 

 



 

 



 



 

 



 

 

 

 



 



 

 



 



 

 

 



 



 



 

 

 

 



 

 



 



 

 

 

 

 

 



 

 



 

 



 

 



 



 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 MARKS QUESTIONS AND ANSWERS 

1. What are the differences between fixed and switched capacitors? 
                                                                                                ( June 2017-SUPPLE(R13) 
Ans: A fixed capacitor is constructed in such manner that it possesses a fixed value of 

capacitance which cannot be adjusted. A fixed capacitor is classified according to the type 

of material used as its dielectric, such as paper, oil, mica, or electrolyte. 

A switched capacitor is an electronic circuit element used for discrete-time signal 

processing. It works by moving charges into and out of capacitors when switches are 

opened and closed. Usually, non-overlapping signals are used to control the switches, so 

that not all switches are closed simultaneously. 

 

  
2. Write short notes on power factor correction (November/December 2016-REG(R13)) 

.  

       Ans:       Methods of Power Factor Improvement 

     Capacitors: Improving power factor means reducing the phase difference between   

      voltage and current.     

     Synchronous Condenser: The  3 phase synchronous motor with no load  

      attached to its shaft. 

     Phase Advancer: This is an ac exciter mainly used to improve pf of induction motor. 

 
3. Draw the phasor diagram of shunt compensation 
                                                                    (November/December 2016-REG(R13)) 

.  

Ans: 

 
Figure: Single line diagram of a shunt compensated transmission line and its phasor 

diagram 

 
4. Write the two-third rule for locating the shunt capacitors in distribution systems.  

Ans: 𝐶𝑇 = 2𝑛2𝑛 + 1 𝐹𝐿𝐷1 

 
It can be observed that if the total number of capacitor banks approaches infinity, 
then the optimum total  capacitor rating becomes equal to the reactive load factor. 
If only one capacitor bank is used ,the optimum capacitor rating to provide for the 
maximum energy loss reduction is  𝐶𝑇=23   𝐹𝐿𝐷1 

This equation gives the two-third rule for locating the fixed shunt capacitors in distribution 
systems. 
 



 
5. What are the causes of low power factor? 

        Ans:1. Most of the a.c. motors are of induction type (1φ and 3φ induction motors) which 
have   

                 low lagging power factor. These motors work at a power factor which is extremely  

                 small on Light  load (0·2 to 0·3) and rises to 0·8 or 0·9 at full load. 

             2. Arc lamps, electric discharge lamps and industrial heating furnaces operate at low 

                 lagging power factor. 

             3. The load on the power system is varying ; being high during morning and evening 

and  

                 low at other times. During low load period, supply voltage is increased which   

                 increases the magnetisation current. This results in the decreased power factor. 

 

6. What are the disadvantages of low power factor? 

Ans:1. Large copper losses. 2. Poor voltage regulation. 3. Greater conductor size.  

        4. Large kVA rating of equipment. 

 
7. What is a synchronous condenser? 
 Ans: An over-excited synchronous motor running on no load is known as synchronous 

condenser. 

 

8. What is most economical power factor? 

      Ans: The value to which the power factor should be improved so as to have maximum net  

        saving is known as the most economical power factor. 
 

9. How will you meet the Increased kW Demand on Power Stations 

      Ans:1. By increasing the kVA capacity of the power station at the same power factor  

             (say cos φ1). Obviously, extra cost will be incurred to increase the kVA capacity of the 
station. 

             2. By improving the power factor of the station from cos φ1  to cos φ2 without 
increasing the  kVA capacity of the station. This will also involve extra cost on account of 

powerfactor correction equipment. 

 

10. What are series capacitors and shunt capacitors? 

Ans: Series capacitors, that is, capacitors connected in series with lines, have been used to 

a very limited extent on distribution circuits due to being a more specialized type of 

apparatus with a limited range of application. 

 

       Shunt capacitors, that is, capacitors connected in parallel with lines, are used 

extensively in distribution systems. 

 

 

11. What is series compensation? 

Ans: Series compensation is the method of improving the system voltage by connecting a 

capacitor in series with the transmission line. In other words, in series compensation, 

reactive power is inserted in series with the transmission line for improving the 

impedance of the system. It improves the power transfer capability of the line. It is mostly 

used in extra and ultra high voltage line. 

 
 



12. What are the advantages of series compensation 

Ans: Series compensation has several advantages like it increases transmission capacity, improve 

system stability, control voltage regulation and ensure proper load division among parallel feeders.  

 
13. What is shunt compensation? 

Ans: At buses where reactive power demand increases, bus voltage can be controlled 

by connecting capacitor banks in parallel to a lagging load.  

Capacitor banks supply part of or full reactive power of load, thus reducing 

magnitude of the source current necessary to supply load. Consequently the voltage 

drop between the sending end and the load gets reduced, power factor will be 

improved and increased active power output will be available from the source.  

 

14. What is the power loss due to load currents in the conductors of the single phase two-

wire uni-grounded lateral with full capacity neutral? 

Ans: The power loss due to load currents in the conductors of the single phase two-wire 

uni-grounded lateral with full capacity neutral is six times larger than the one in the 

equivalent three phase four-wire lateral.     𝑃𝐿𝑆,1 =   6 𝑃𝐿𝑆,3   
 

15. What is the voltage drop in the single phase two-wire uni-grounded lateral with full 

capacity neutral? 

Ans: The voltage drop in the single phase two-wire uni-grounded lateral with full capacity 

neutral is six times larger than the one in the equivalent three phase four-wire lateral 

 

16. What is the power loss due to load currents in the conductors of the single phase  lateral 

? 

Ans: The power loss due to load currents in the conductors of the single phase  lateral is 

two times larger than the one in the equivalent three phase lateral. 

 

17. What is the voltage drop in the single phase ungrounded lateral ? 

 Ans: The voltage drop in the single phase ungrounded lateral is approximately 3.46 times 

larger than the one in the equivalent three phase lateral. 

 

18. What is a capacitor bank? 

Ans: A total assembly of capacitor modules electrically connected to each other. 

 

19. What are the connections of a Three-Phase capacitor Bank connections? 

Ans: A three phase capacitor bank on a distribution feeder can be connected in(1)delta, 

(2)grounded-wye, or (3)ungrounded-wye. 

 

20. What are the economic benefits that can be derived from capacitor installation? 

Ans: 1.Released generation capacity. 

        2. Released transmission capacity. 

        3. Released distribution substation capacity. 

        4.Reduced energy(copper)losses 

        5.Reduced voltage drop and consequently improved voltage regulation. 

 

 



10 MARKS QUESTIONS 

 

1.(A) Explain the manual method of solution for radial distribution system( 

November/December 2016-REG(R-13) 

       (B) Derive the equation for load power factor for which the voltage drop is maximum 

 

2. A 3 Phase, 500 H.P, 50 Hz, 11 kV star connected induction motor has a full load efficiency 

of 85% at a lagging p.f. of 0.75 and connected to a feeder. If it is desired to correct it to a p.f. 

of 0.9 lagging load. Determine the following: (i) The size of the capacitor bank. (ii) The 

capacitance of each unit if the capacitors are connected in star as well as delta. 

                                                                                          ( November/December 2016-REG(R-13) 

 

3. (A) Explain the procedure employed to determine the best capacitor location. ( June 2017-

SUPPLE(R-13)) 

 

    (B)A 40 kW induction motor has power factor 0.95 and efficiency 0.85 at full1oad, power 

factor 0.7 and efficiency 0.65 at half-load. At no-load, the current is 20% of the full-load 

current and power factor 0.2. Capacitors are supplied to make the line power factor 0.9 at 

half-load. With these capacitors in circuit, find the line power factor at: (i) Full load. (ii) No-

load.  

 

4.(A) Explain the role of shunt and series capacitors in power factor correction. Compare their 

performance in power factor correction. ( June 2017-SUPPLE(R-13)) 

 

   (B)Discuss the need of power factor improvement in distribution system.  

 

5.(A) Explain the effect of shunt compensation on distribution system. ( June 2017-SUPPLE(R-

09)) 

 

   (B) A synchronous motor improves the power factor of a load of 300 kW from 0.8 lagging to 

0.9 lagging. Simultaneously the motor carries a load of 150 kW. Determine: (i) The leading 

kVAR taken by the motor. (ii) kVA rating of the motor. (iii) Power factor at which the motor 

operates. 

 



6.  Show that power loss due to load currents of the two phase, 3 wire lateral with full capacity 

neutral is exactly equal to 2.25 times larger than the one in which equivalent three phase 

lateral is used. Also prove that VD pu, 2 =2.1xVDpu, 3 for the above system. ( November 2012-

REG-(R09)) 

 

7. Consider a three phase, 3 wire, 440 V secondary system with balanced loads at A, B and C 

shown in figure. Determine:                                                (December/January 2013/14-REG(R09)) 

(i) Total voltage drop.  

(ii) Real power / phase for each load.  

(iii) Reactive power / phase for each load.  

(iv) The kVA output and load p.f. of the distribution transformer 

 

8.(A) Explain the disadvantages of low power factor. 

   (B) A single-phase motor connected to a 240V, 50 Hz supply takes 20 A at p.f. of 0.75 lag. A 

capacitor is shunted across the motor terminals to improve the p.f to 0.9 lag. Determine the 

capacitance of the capacitor to be used. 



EDSA 

UNIT 5 

DISTRIBUTION AUTOMATION 

Distribution automation, distribution management systems, distribution automation system 

functions, Basic SCADA system, outage management, decision support applications, substation 

automation, control feeder automation, database structures and interfaces. 

 

Distribution automation: 

WHY DISTRIBUTION AUTOMATION? :  

Distribution companies implementing distribution automation (DA) are receiving benefits from many 

areas such as providing a fast method of improving reliability, making the whole operating function 

more efficient, or simply extending asset life. Acceptance of distribution automation across the 

distribution industry is varied and not universal, due to the limited benefit-to-cost ratios of the past. 

The legacy of past management perceptions that more efficient control of distribution networks was 

neither required nor a worthwhile investment and is changing as a result of deregulation and the 

industry’s experience with new, cost-effective control systems. Automation is first implemented at 

the top of the control hierarchy where integration of multifunctions gains efficiencies across the 

entire business. Implementation of downstream automation systems requires more difficult 

justification and it is usually site specific, being targeted to areas where improved performance 

produces measurable benefits. The benefits demonstrated through automating substations are now 

being extended outside the substation to devices along the feeders and even down to the meter. 

The utilities implementing DA have produced business cases* supported by a number of real 

benefits selected to be appropriate to their operating environment. The key areas of benefits down 

the control hierarchy† are summarized in Table 1.1. 

 

 

 



Reduced Operation and Maintenance (O&M) Costs: 

Automation reduces operating costs across the entire utility, whether from improved management 

of information at the utility layer or from the automatic development of switching plans with a  

distribution management system (DMS) at the network layer. At the substation and distribution 

layers, fast fault location substantially reduces crew travel times, because crews can be dispatched 

directly to the faulted area of the network. Time-consuming traditional fault location practices using 

line patrols in combination with field operation of manual switches and the feeder circuit breaker in 

the primary substation are eliminated. Automation can be used to reduce losses, if the load 

characteristics justify the benefit, by regularly remotely changing the normally open points (NOPs) 

and dynamically controlling voltage. Condition monitoring of network elements through real-time 

data access in combination with an asset management system allows advanced condition and 

reliability-based maintenance practices to be implemented. Outages for maintenance can be 

optimally planned to reduce their impact on customers. 

 

 

 



 

 





 







 

 

 

 

 

 

 

 

 

 

 

 

 

 



Distribution Automation in Brief: 

 

 



























 



SCADA 



 















 

 

SCADA in BRIEF: 





























































































 

 

 

 

 

 

 

 

 

 

 

 

 



2 MARKS QUESTION AND ANSWERS 



5. 

 



6. 

 

 

10 MARKS QUESTIONS 

1. Explain Distribution Automation and  advantages & disadvantages with neat 

diagram 

2. Explain Distribution management systems with neat diagram 

3. Explain Distribution Automation system functions 

4. Explain SCADA system with neat diagrams & and  List the advantages & 

disadvantages ? 

5. Explain Outage Management with neat diagrams 

6. Explain decision support applications 

7. Explain Substation Automation with neat diagram 

8. Explain Controller Feeder Automation with neat diagram 

9. Explain database Structures and interfaces with neat diagrams 
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