
Unit-I Introduction to Distributed Systems 

Introduction 
Distribution systems serve as the link from the distribution substation to the customer. 

This system provides the safe and reliable transfer of electric energy to various customers 

throughout the service territory. Typical distribution systems begin as the medium-voltage three-

phase circuit, typically about 30–60 kV, and terminate at a lower secondary three- or single-

phase voltage typically below 1 kV at the customer’s premise, usually at the meter. Distribution 

feeder circuits usually consist of overhead and underground circuits in a mix of branching 

laterals from the station to the various customers. The circuit is designed around various 

requirements such as required peak load, voltage, distance to customers, and other local 

conditions such as terrain, visual regulations, or customer requirements. These various branching 

laterals can be operated in a radial configuration or as a looped configuration, where two or more 

parts of the feeder are connected together usually through a normally open distribution switch. 

High-density urban areas are often connected in a complex distribution underground network 

providing a highly redundant and reliable means connecting to customers. Most three-phase 

systems are for larger loads such as commercial or industrial customers.  

The part of power system which distributes electric power for local use is known as distribution 

systems. 

 
Classification of distribution systems 

 



 

 

 

 

 

 
 
 



Connection schemes of distribution systems 

 

 



 

 



 

 

 
Important factors and Terms 
Load-Electrical power needed in kW or kVA .  

Demand-The power requirement (in kVA or kW) at the load averaged over a specified interval 

(15 min or 30 min). Sometimes it is given in amperes at a specified voltage level. 

Demand Intervals-The time interval specified for demand (Di), usually 15 min or 30 min. This 

is obtained from daily demand curves or load duration curves. 

 



 
Maximum Demand-The maximum load (or the greatest if a unit or group of units) that occurred 

in a period of time as specified. This can be daily, weekly, seasonal or on annual basis (for 

billing purpose in India it is monthly and in kVA).  
Connected Load-The sum total of the continuous rating of all the apparatus, equipment, etc., 

connected to the system. 

Demand Factor-The ratio of maximum demand to the total load connected to the system 
Utilization Factor-The ratio of maximum demand to the rated capacity of the system. 
Load Factor-The ratio of average load in given interval of time to the peak during that interval. 
Annual Load Factor-The ratio of total energy supplied in an year to annual peek load 

multiplied by 8760. 

Diversity Factor ( Df )-The ratio of sum of the individual maximum demands of various sub-

divisions of the system to the maximum demand of the entire or complete system. 
Coincident Maximum Demand ( Dg )-Any demand that occurs simultaneously with any other 

demand and also the sum of any set of coincident demands. 

 Classification of loads 
A load or power requirement (also kVA) of a consumer varies widely. But in general the 

consumers can be grouped into a few categories as their needs and demands are the same. 

Broad classifications of loads are; 

(i) Residential loads 

(ii) Commercial loads 

(iii) Industrial loads  

(iv) Agricultural loads 

(v) Municipal loads  

Domestic and Residential Loads 

The important part in the distribution system is domestic and residential loads as they are 

highly  variable and erotic. These consist of lighting loads, domestic appliances such as water 

heaters, washing machines , grinders and mixes ,TV and electronic gadgets etc. The duration of 

these loads will be few minutes to few hours in a day. The power factor of these loads in less and 

may vary between 0.5 to 0.7. In residential flats and bigger buildings, the diversity between each 

residence will be less typically between 1.1 to 1.15 . The load factor for domestic loads will be 

usually 0.5 to 0.6. 

Industrial Loads 

Industrial  loads are of greater importance in distribution systems with demand factor 0.7 

to 0.8 and load factor 0.6 to 0.7. For heavy industries demand factor may be 0.9 and load factor 

0.7 to 0.8 

Typical power range for various loads 

Cottage and small-scale industries  : 3 to 20 kW. 

Medium industries (like rice mills, oil mills, workshops, etc.) : 25 to 100 kW 

Large industries connected to distribution feeders (33 kV and below) : 100 to 500 kW 

Water supply and Agricultural Loads 

Most of the panchayats , small and medium municipalities have protected water system 

which use pumping stations. They normally operate in off peak time and use water pumps 

ranging from 10 h.p to 50 h.p or more, depending on the population and area. 

Agricultural and Irrigation Loads 

Most of the rural irrigation in India depends on ground water pumping or lifting water 

from tanks or nearby canals. In most cases design and pump selection is very poor with 

efficiencies of the order of 25%. Single phase motors are used (up to 10 h.p.) for ground water 

level 15 m in depth or less with discharge of about 20 l/sec while multi stage submersible pumps 

with discharge of 800 to 1000 l/m may require motors of 15 to 20 h.p. 

 

 

 

 



Sensitive and important Loads 

With computer applications in every area, computer loads and computer controlled process loads 

are often non-linear and sensitive. They require close tolerance limits for voltage and frequency 

(voltage limit ± 5% and frequency ± 0.5 Hz with unbalance and wave form distortion less than 

3%. This requires special attention while providing the distribution of electric power. 

Load Characteristics 
The consumption of electrical power or energy by any utility varies from time to time in a day as 

well as during a week, month, season or year. For example in summer fans, AC units, cooler etc 

are used but not during winter or cold season. Industries working during day time will consume 

only lighting load during night (10 pm to 6 am). Hence knowledge of variation of loads and their 

nature is essential for distribution planning. The load characteristics are usually presented as load 

curves and load duration curves 

  Load Curves:  The load (power requirement) of any concern or unit is tabulated as the amount 

 of power required or consumed during a certain period in a day, week or a given season.  

  Load-Duration Curves: This is a graph obtained from load curve showing the load in (kw) and   

 duration over which it occurs in descending order of load magnitudes. 

An overview of rate of computers in distributed system planning 

 

     

A schematic view of a distribution planning system 

 



System Approach 

 
   Database Concept 

 
   New Automated Tools 

 
Load Modelling and Characteristics 

 



 

 

 



 

 

 
 



 

 
 

 



 
Kp is also approximately the ratio of the power change in per unit (pu) to the voltage 

change in pu. This approximation provides a better idea of the value of Kp. 

The equation shown in the above figure is used to represent the sensitivity of the real 

power requirements of a load for small voltage changes. In this equation, P is the new real power 

and P0 is the previous real power (the difference between P and P0is the change in real power). V 

is the new voltage, and V0 is the previous voltage (the difference between V and V0 is the change 

in voltage). The exponent, Kp, provides a measure of sensitivity of the load to voltage changes. It 

answers the question, for a given change in voltage, how do we expect the real power to change? 

The equation for reactive power, Q, is similar. These models are valid for voltage changes of 

plus or minus 10 percent. Assuming a constant frequency, the real power equation simplifies to 

that shown on the slide. If Kp is 0, then the load is constant real power (e.g., induction motors). 

If Kp is 1, then the load is constant current (e.g., fluorescent lighting). If Kp is 2, then the load is 

constant  impedance (e.g., an electric range or stovetop). 

Important Factors 

 

 

 

 

 



 

 

 
 

 



 

 

 



 

Loss factor:  It is '' the ratio o f  the average power l o s s  to the peak-load power loss 
 
during a  specified period o f  time" 

Relationship between Load & loss factors: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Where PLs,avg the average power loss, PLS,max is the maximum power loss, and PLS,2 is the peak loss at 

peak load. 



 

 

 

 

 

 
Substituting  

Where PLs,avg the average power loss, PLS,max is the maximum power loss, and PLS,2 is the peak loss at 

peak load. 

 

 

 

Where PLS,1 is the off-peak loss at off-peak load, t is the peak load duration, and T - t i s the off-peak 

load duration. 

 
The copper losses are the function of the associated loads. Therefore, the off-peak and peak loads can 

be expressed, respectively, as 

 

 

 

 

 
Where k is a constant. Thus, substituting Equations 2.32 and 2.33 into Equation 2.31, the loss factor can be 

expressed as 

 

 

 

 

 

 
 

Load factor can be related to loss factor for three different cases 

 

Case 1: Off-peak load is zero. Here, 

 

 
Since P, = 0. Therefore 

 

 

 
Since P, = 0. Therefore 

That is, the load factor is equal to the loss factor and they are equal to the t/T constant 

 



 
 

Case 2: Very short lasting peak. Here, 

 

 

 

 

 

 

 

 
That is, the value of the loss factor approaches the value of the load factor squared 

 

Case 3: Load is steady. Here, 

 

 
That is, the difference between the peak load and the off-peak load is negligible. For example, if the 

customer's load is a petrochemical plant, this would be the case 

 

 

 
That is, the value of the loss factor approaches the value of the load factor. Therefore, in general, the value 

of the loss factor is 

 

 

 
Therefore, the loss factor cannot be determined directly from the load factor. The reason is that the loss 

factor is determined from losses as a function of time, which, in turn, is proportional to the time function 

of the square load 

 

However, Buller and Woodrow developed an approximate formula to relate the loss factor to the load 

factor as 

 

 
Where FLS is the loss factor (pu) and FLD is the load factor (pu). 

 

 

 

 

 

 

 

 

 


