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Abstract: - In this paper, load modelling has been done in   electrical distribution system using local real time test 
data. This distribution system supplies base loads, residential, industrial, commercial and composite loads. Using 
power and current-mismatch functions in polar form, a comprehensive framework for applying the Newton–Raphson 
method to solve power flow problems is presented. The Newton–Raphson approach for solving power flow problems 
can be applied in six different ways using these two mismatch functions. For load (PQ)buses and generator (PV) 
buses, we propose a theoretical framework for analyzing these versions. In addition, we compare newly created 
versions of the Newton power flow method to current variants in this study. Numerical studies on distribution 
networks are used to study the convergence behavior of all approaches. The measurements are formed for short term 
load forecasting with different types of realistic loads such as base loads, residential, industrial, commercial and 
composite loads. The long-term load forecasting and their losses also has been performed along with short term load 
forecasting. The results are obtained and validated through MATLAB. 
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1 Introduction 
Typical infrastructure, the process of estimating power 
consumption can be termed as load modelling, it can be 
of residential, industrial, commercial or agricultural 
[1]. In stability study, monitoring and safety of power 
system networks load modelling, identification plays 
an important role [2]. In design and modification of 
electrical distribution networks, the accurate load 
model is required [3-4]. The optimally model is 
difficult due to dynamic and nonlinear nature of 
electrical loads.  
Load models are categorized into two types: stationary 
and active load models. In the stationary 
representations real, reactive powers express as a 
functions of bus voltage amplitudes and frequency. 
Resistive loads are one example of this concept. The 
active and reactive powers are expressed as a function 
of voltage and time in the dynamic load model 
category.[3] considers a composite load model that 
combines both static and dynamic models for proper 
system representation. 
Static Load Model is not dependent on time and has 
been applied to represent static load apparatuses for a 
lengthy time and estimate dynamic load components.   
The models are expressed in exponential or polynomial 

form. These can be used in the investigation of 
symmetry condition of electrical power systems [5]. 
Some of models are categorized into Continuous 
Power (P), Impedance (Z) and current, subject to the 
power kin with voltage. In the exponential model, the 
load bus parameters such as voltage and power can be 
represented by exponential mathematical equations and 
is generally used to represent mixed load [6]. A 
dynamic model is important in voltage stability 
analysis and to represent active load model exponential 
recovery load model has to be used in [7]. 
The complex load model is additional type of model 
which contains of together static and dynamic load 
components. Literatures has been shows that the 
composite load models give more exact response when 
compares with static or active models [3]. In general, 
the power system load center comprises both static and 
dynamic loads and with this reason composite model 
gives accurate load representation in electrical 
distribution systems. 
In case of decentralized areas, several consumers may 
contain induction motors in large numbers, it is not 
realistic to model each and every induction motor in 
the system. Hence, to represent a group of motors, 
single-unit models or aggregate models are needed 
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with minimum order of induction motor [8]. The 
appropriate aggregation of dynamic load model 
minimizes the computation time and gives an efficient 
and faster model derivation. In [9], the authors has 
been proposed that small-scale aggregation model 
provides more accurate results when compares with the 
large scale aggregation model. Hence, considered a 
group of motors in place of single motors and then 
aggregate the model has been developed with the use 
of energy conservation law [8]. 
The increase in rapid energy generated from distributed 
energy resources accompanied by the system dynamics 
are often no longer negligible [10,11]. The authors 
have been proposed in [12-13], the models which are 
used for analysis or dynamic studies often very basic. 
At present, electrical distribution systems make use of 
dynamic loads such as electronic loads and induction 
motor loads. For precise modelling of dynamic 
response various compositions of the load has been 
taken into account. The distribution system feeder 
contains several types of motors, static and an 
electronic load in [14]. 
Based on the mathematical relations and physical 
behaviours of loads describe the functioning of 
electrical load devices which motivates measurement-
based modelling [15]. To drive the load characteristics 
measurement-based modelling has been collects 
measurements. The advantage of this approach is 
collects data from the actual network, it has been 
applied to any load. The drawback in this approach is 
the developed model at one location of the network 
may not be useful at other locations. In [16], the 
authors have been introduced the advancements in 
developing load models and used the real time data for 
modelling by considering both consumer’s behaviors 
and electrical characteristics [17].  
Paper is organized that Section I gives the introduction 
of load models. Section II describes the proposed 
mathematical modelling and methodology and Results 
and discussions are presented in Section. 
 
 
2 N-R Method using Polar Coordinates 
The Newton-Raphson approach may be used to solve 
the power flow problem when the bus voltages are 
presented in polar form. In actuality, only the polar 
form is used in practise since it produces fewer 
equations than the total amount of equations in 
rectangular form. 

The actual and reactive power flow on distribution 
lines, reactive power generator buses, and magnitude 
and phase angle of load bus voltages are among the 

findings of this study. The terms are confined to first 
order approximation in the NR technique of load flow 
analysis in equation employing Taylor's series 
expansion. 
 The non-linear equation leading power system are 
𝑆𝑖  = 𝑉𝑗𝐼𝑗

∗ = 𝑃𝑗 + 𝑗𝑄𝑗     (1) 

since  Sj=rectangular  power in bus j 

Vj=bus voltage at bus j specified as 

𝑉𝑗 = |𝑉𝑗|𝑒
−𝑖𝜎𝑗       (2) 

𝑉𝑗
∗ = |𝑉𝑖|𝑒

−𝑗𝜎𝑖       (3) 

𝜎𝑗=bus angle at node j 

σ𝑖=bus angle at junction i 

𝑉𝑗
∗  = rectangular bus voltage at junction  j 

𝑉𝑖=bus voltage at i 

Ij =The current injected into bus j, given by 

𝐼𝑗  =  ∑  𝑉𝑖
𝑛
𝑘=1  𝑌𝑗𝑖  ;       j = 𝟏, 𝟐, … , 𝒏      (4) 

𝑌𝑗𝑖  =  |𝑌𝑗𝑖|𝑒
−𝑗𝜃𝑗𝑖       (5) 

𝑌𝑗𝑖   is admittance at bus j & i 
𝜃ji is admittance angle at junction j & i 
 
𝑃𝑗, 𝑄𝑗 is  true and wattless  power at bus j 
𝑆𝑗

∗  =  𝑉𝑗 ∗ 𝐼𝑗 =  𝑃𝑗 −  𝑗𝑄𝑗 =

 ∑ |𝑉𝑗| |𝑉𝑖| |𝑌𝑗𝑖|𝑒
−𝑗(𝜃𝑗𝑖 + 𝜎𝑗 − 𝜎𝑖)    𝑛

𝑘=1                     (6) 
Distinct the conjugate rectangular power 𝑆𝑗 
∗, into true and imaginary power 
𝑃𝑗 = ∑ |𝑉𝑗| |𝑉𝑖| |𝑌𝑗𝑖|𝑐𝑜𝑠(𝜃𝑗𝑖  +  𝜎𝑗  −  𝜎𝑖)

𝑛
𝑖=1     (7) 

Calculate, add 𝑃𝑗 for j=i and for j≠i 
 
𝑃𝑗  =  𝑉𝑗

2 𝑌𝑗𝑗𝑐𝑜𝑠𝜃𝑗𝑗  +  ∑ |𝑉𝑗| |𝑉𝑖| |𝑌𝑗𝑖|𝑐𝑜𝑠(𝜃𝑗𝑖  +
𝑛
𝑖=1,𝑖≠1

 𝜎𝑗  −  𝜎𝑖)      (8) 
Similarly, 
𝑄𝑗  =  𝑉𝑗

2 𝑌𝑗𝑗𝑠𝑖𝑛𝜃𝑗𝑗  + ∑ |𝑉𝑗| |𝑉𝑖| |𝑌𝑗𝑖|𝑠𝑖𝑛(𝜃𝑗𝑖  +
𝑛
𝑖=1,𝑖≠1

 𝜎𝑗  −  𝜎𝑖)      (9)  
Equa. 8 and 9 establish polar formula of OPF 
equations, deliver the considered values for  total  true 
power 𝑃j, reactive power 𝑄j, incoming the system at 
bus I, representing  designed values of 𝑃j/𝑃j 𝑐𝑎𝑙 and 
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𝑄j/𝑄j 𝑐𝑎𝑙 leads to the definition of mismatches Δ𝑃j and 
Δ𝑄j. 
𝛥𝑃𝑗  =  𝑃𝑗 𝑠𝑐ℎ − 𝑃𝑗 𝑐𝑎𝑙    (10) 
𝛥𝑄𝑗  =  𝑄𝑗  𝑠𝑐ℎ − 𝑄𝑗  𝑐𝑎𝑙    (11) 
𝑃𝑗  𝑠𝑐ℎ =  𝑃𝑔𝑗   − 𝑃𝑑𝑗      (12) 
𝑄𝑗 𝑠𝑐ℎ =  𝑄𝑔𝑗  −  𝑄𝑑𝑗     (13) 
 
Here  
𝑃j𝑠𝑐ℎ  & 𝑄j𝑠𝑐ℎ  are the net true, imaginary planned power 
inoculated into bus j 
𝑃𝑔j & 𝑄𝑔j denotes the planned true, imaginary produced 
power at bus j. 
𝑃𝑑j & 𝑄𝑑j represents the planned true and imaginary 
power demand at load bus j. 
Discrepancies happen when 𝑃j𝑐𝑎𝑙 and 𝑄j𝑐𝑎𝑙 do not match 
with the planned values. 
The set of linear calculations articulating deviations in 
true and reactive power apparatuses of Vbus can be 
written in compact method as: 
 

[
𝛥𝑃𝑗
𝛥𝑄𝑗

]=[
𝐽11 𝐽12

𝐽21 𝐽22
] [

𝛥𝜎𝑗
𝛥𝑉𝑗

]    (14) 

Where 𝐽11, 𝐽12… are as a separated matrix by resolution 
in  

[

∂P

𝜕𝜎

𝜕𝑃

𝜕|𝑉|

𝜕𝑄

𝜕𝜎

𝜕𝑄

𝜕|𝑉|

]         (15)  

 The σj and |Vj |, as proved by the following 
relationships. 

J11= 
𝜕𝑃

𝜕σ

[
 
 
 
𝜕𝑃𝑗

𝜕𝜎𝑗
⋯

𝜕𝑃𝑗

𝜕𝜎𝑛

⋮ ⋱ ⋮
𝜕𝑃𝑛

𝜕𝜎𝑗
⋯

𝜕𝑃𝑛

𝜕𝜎𝑛]
 
 
 
    (16) 

J12= 
𝜕𝑃

𝜕|𝑉|

[
 
 
 

𝜕𝑃𝑗

𝜕|𝑉𝑗|
⋯

𝜕𝑃𝑗

𝜕|𝑉𝑛|

⋮ ⋱ ⋮
𝜕𝑃𝑛

𝜕|𝑉𝑗|
⋯

𝜕𝑃𝑛

𝜕|𝑉𝑛|]
 
 
 

   (17) 

 

J21= 
𝜕𝑄

𝜕σ

[
 
 
 
𝜕𝑄𝑗

𝜕𝜎𝑗
⋯

𝜕𝑄𝑗

𝜕𝜎𝑛

⋮ ⋱ ⋮
𝜕𝑄𝑛

𝜕𝜎𝑗
⋯

𝜕𝑄𝑛

𝜕𝜎𝑛]
 
 
 
    (18) 

J22= 
𝜕𝑄

𝜕|𝑉|

[
 
 
 

𝜕𝑄𝑗

𝜕|𝑉𝑖|
⋯

𝜕𝑃𝑗

𝜕|𝑉𝑛|

⋮ ⋱ ⋮
𝜕𝑄𝑛

𝜕|𝑉𝑗|
⋯

𝜕𝑄𝑛

𝜕|𝑉𝑛|]
 
 
 

   (19) 

The explanation for Δ𝜎j , Δ𝑉j  giving to eqn. 19 tends  
the correction to be useful to |𝑉j | and 𝜎j . 
|𝑉𝑗|(𝑎+1)  =  |𝑉𝑗|(𝑎)  +  𝛥|𝑉𝑗|(𝑎)   (20) 
 
𝜎𝑗(𝑎+1)  =  𝜎𝑗(𝑎)  +  𝛥𝜎𝑗(𝑎)    (21) 
The Newton-Raphson method solves the polar form of 
the power flow equations until the mismatches at all 
buses fall within specified tolerances. 
 

 
Figure 1. Flow Chart of Newton Raphson 

 
2.1 Algorithm of Newton Raphson  

STEP 1: Create the Y-bus matrix 
STEP 2: Assume that the magnitude of the bus voltage, 
|Vj|, and its phase angle, I are both equal to slack. 
quantities. In most cases, |V1|=1.00 pu and 1=0 
radians. 
STEP 3: Set the iteration count to zero (a =0). 
STEP 4: Using equations 20 and 21, calculate the real 
and reactive power for each load bus. 
STEP 5: Using equations 22 to 25, calculate planned 
errors for each load bus. If a bus is powered by a 
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generator (PV), Calculate only the change in real 
power because the value of reactive power is within its 
limits. If it goes beyond the bounds, 
Then regard the limit that was breached as reactive 
power and treat it like a PQ bus. 
STEP 6: Using the estimated |Vj | and I from step 2, 
calculate the Jacobian matrix elements. 
STEP 7: Determine the values of |Vj | and I 
STEP 8: Modify |Vj | and I at all loads using the values 
of |Vj | and I acquired in step 7. With the updated 
values of |Vj | and I begin the next iteration cycle at 
step 2. 
STEP 9: Repeat until all planned errors for all load 
buses are under a given error tolerance, i.e., Pj(a), Qj 
(a), where r is the load bus tolerance level. 
STEP 10: Calculate the slack bus's line flows and 
power. 
 

2.2 Realistic Load Modelling 

In traditional load flow analyses, active and imaginary 
power needs are believed to have persistent values, 
independent of peak voltage on the same bus. Different 
types and classifications of loads may be present in 
actual power system operation. The active and reactive 
powers of these sorts of loads are dependent on the 
voltage and frequency of the system, and are evaluated 
in various design situations. Constant power, industrial, 
residential, and commercial loads are examples of 
realistic loads. The load models can be stated 
quantitatively as 

               
α

0
0LL V

VPP 









       (22) 

             
β

0
0LL V

VQQ 









       (23) 

Where α and β are the load exponents, and PL0 and QL0 
are the active and reactive power values at nominal 
voltages, respectively. The load bus voltage and 
nominal voltage are represented by V and V0, 
respectively. Table 1 shows the standards of the true, 
reactive proponents utilized in this study for industrial, 
domestic , and commercial loads. 

 
Table 1. Real and reactive components 

 

2.4 Load Growth  

For preparation and growth or well-organized 
operation of distribution networks, a system engineer 
should know the future estimation of the systems 
solutions. Load increase is modelled as follows in the 
suggested load flow algorithm: 

         
n

100
g1LoadLoad 








         (24) 

Where, ‘g’ is the annual load growth rate of 
7.5%,‘n’ is the No. of years 
 
 
2.5 Projected Approach  

In this presented manuscript, influence of different load 
representation is examined by implementing Chittoor 
District, APSPDCL distribution systems. Load flow 
analysis is performed for each load model. Ten years of 
past data is used to attain our required outputs. The 
impact of load models is examined by calculating 
active power loss PL and active power intake Pin take 
in tested distribution structure. The variance between 
characteristics is derived to appraise performance of 
load models for a tested distribution structure. 
 

2.6 Power Loss Reduction 

Through load flow analysis calculated the electric 
active power loss of the system expressed as: 
   
 PL=∑ 𝑖2𝑛

𝑖=1 Ri        (25) 
 

where n is the number of distribution system branches, 
i is the current flowing through each branch, and Ri is 
the resistance of each branch. 
 
2.7 Active power demand (Pintake)  

The active power intake Pin take can be calculated by 
adding power losses and true  power demands by all 
buses in the distribution structure. This can be 
expressed by using the following equation: 
  Pintake=PD+PL        (26) 
 
 
3. Results and Discussions 
 

3.1 Time Variable Base Load Model 
It is apparent from Table 1, Figure 1 and Figure 2, the 
active power intake reduced significantly, active power 
loss reduction is depicted in Fig.2. Considerably there 
is a substantial decrease in MVA system for the whole 
period  
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3.2 Time Changing Demostic Load Model 

The analysis of Table 1, Fig.1 and 2 shows that as 
associated to base, commercial, composite load 
models’ reduction of Pin take is lower but this 
difference is marginal in industrial load models. 
Furthermore, the reduction in Power loss is also lower 
with respect to remaining load models.  
 

3.3 Time Varying Industrial Load Model 

From Table 1, Fig. 1 and 2 for the industrial load 
model there is decrease in Pin take. The reduction of Pin 
take and power loss is slightly lesser than marketable 
and constant load representations, but in the domestic 
load model it is lower. Though, a considerable 
difference in reduction is observed in the case of 
composite load with Pin take and power losses. 
 

3.4 Time Variable Marketable Load Model 

In this situation, Fig. 1 and 2 demonstrates that the 
reduction in active power consumption is significantly 
more as associated to base, composite loads. observed 
a alike trend of decrease in Power loss with 
comparison of base and composite load models. 
 
3.5 Time Varying Composite Load Model  

It has shown from Fig. 1 and 2, the reduction in Pin take 
and power loss for time variable composite load model 
is significant less as associated to base, residential, 
industrial and commercial load models. However, from 
Fig 1 and 2 there exist decrease pattern of load models 
has an irregularity in the months.  
Table 2. shows different load models such as base case, 
residential, industrial, commercial and composite and 
their losses for short term forecasting case from 
January 2020 to December 2020.  In table 3, shown the 
measurements for long term load forecasting with the 
load growth and losses from the year 2020 to 2030. 

 
Table 2. Short term load forecasting and losses 

Month 
Base case Residential Industrial Commercial Composite 
Load,  
MW 

Loss,  
MW 

Load,  
MW 

Loss,  
MW 

Load,  
MW 

Loss,  
MW 

Load,  
MW 

Loss,  
MW 

Load,  
MW 

Loss,  
MW 

January 1382.9 68.1722 1365.5 58.117 1367 58.796 1373.3 58.928 1386.4 69.105 
February 1385 68.6508 1367 58.339 1368.5 59.016 1374.7 59.14 1389.9 69.929 
March 1388.3 69.4707 1368.5 58.516 1370.1 59.215 1376.4 59.386 1390.6 70.141 
April 1389.9 69.9280 1368.6 58.471 1370.2 59.201 1376.8 59.438 1391.4 70.364 
May 1395.7 71.6703 1368.7 58.257 1370.6 59.105 1378.3 59.606 1391.8 70.493 
June 1397.1 72.0901 1368.7 58.196 1370.7 59.072 1378.6 59.639 1394.6 71.333 
July 1398.7 72.5862 1368.7 58.119 1370.7 59.028 1378.9 59.674 1397.8 72.296 
August 1399.9 72.9680 1368.6 58.056 1370.7 58.99 1379.2 59.698 1400.3 73.111 
September 1401.5 73.4871 1368.5 57.965 1370.6 58.933 1379.5 59.728 1405.7 74.912 
October 1404.5 74.5150 1368.1 57.767 1370.4 58.802 1380 59.771 1410.1 76.525 
November 1406.7 75.2814 1367.8 57.603 1370.2 58.687 1380.3 59.791 1415.5 78.755 
December 1413.2 77.7635 1366 56.97 1368.9 58.211 1380.8 59.776 1422.1 82.287 

 
 

 
Fig. 2: Active Power demand V Months 

 

1320
1340
1360
1380
1400
1420
1440

Load MW Base case Load MW residential Load MW industrial

Load MW commercial Load MW composite
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Table 3. Long term forecasting of loads and losses 

 
 

 
Fig. 3: Losses vs Months 

 
4   Conclusion 
The load modelling has been tested on realistic data 
from Local power distribution systems and builds the 
load with the proposed methodology which represents 
realistic loads effectively and procure operational 
characteristics of distribution systems. we compare 
newly created versions of the Newton power flow 
method to current variants in this study. Numerical 
studies on distribution networks are used to study the 
convergence behavior of all approaches. The 
measurements are formed for short term load forecasting 

with different types of realistic loads such as base loads, 
residential, industrial, commercial and composite loads. 
The long-term load forecasting and their losses also has 
been performed along with short term load forecasting.  
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