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Abstract – So far, the importance for an accurate load model has been constantly raised and its 
necessity would be further more emphasized. Currently used load model for analysis of power system 
in Korea was developed 10 years ago, which is aggregated by applying the statistically estimated load 
compositions to load models based on individual appliances. As modern appliances have diversified 
and rapidly changed, the existing load model is no longer compatible with current loads in the Korean 
power system. Therefore, a measurement based load model is more suitable for modern power system 
analysis because it can accurately include the load characteristics by directly measuring target load. 
This paper proposes a ZIP model employing a Kalman-filter as the estimation algorithm for the model 
parameters. The Kamlan-filter based parameter identification offers an advantage of fast parameter 
determination by removing iterative calculation. To verify the proposed load model, the four-second-
interval real data from the Korea Energy Management System (K-EMS) is used.   
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1. Introduction 
 

Electric power demand is rapidly increasing as a result 
of industry development and changes in personal lifestyles. 
In Korea, for example, the electric power demand is 
increased from 43,123 MW in 2001 to 73,137 MW in 2011. 
The rate of increase per decade is larger than 69 %. As a 
result, the stability and reliability of the power system 
become important issues for the power system operation. 
In order to appropriately deal with this problem, accurate 
power system analysis is required, and it is mostly 
determined by the power system model accuracy. In Korea, 
most infrastructures of power system are installed by the 
utility, and their characteristics are usually given. However, 
the utility does not know the characteristic of load because 
it is determined by the consumer. Therefore, the current 
load model is very inaccurate compared to models of other 
parts in the power system such as generator and 
transmission equipments. Therefore, the accuracy of the 
load model is a dominant factor determining the accuracy 
of the power system analysis. 

Load modeling is the process to define the load 
characteristics by formula, in which the characteristics are 
determined by load changes responding to voltage and 
frequency variations. The modeling is classified as either 

component based load modeling or measurement based 
load modeling by the modeling procedure. The component 
based load modeling does not require the installation of 
measuring devices in the field. However, it is not an 
efficient method to reflect the rapidly changing load 
characteristics [1-3] because it requires analyzing all the 
individual loads in laboratory before aggregating the loads. 
The component based load modeling might be proper if it 
used to complement the measurement based load modeling. 
In contrast, the measurement based load modeling 
accurately reflects load characteristic by the direct 
measurement of load. Therefore, most current researches 
for load modeling focus on the measurement based method 
although this method requires the installation of a 
measuring device on every load in a power system [4-8]. 

The measurement based load model is classified as 
either dynamic load model or static load model. Although 
the dynamic load model can reflect the transient 
characteristics, it requires high density data samples on a 
time axis [9-12]. In contrast, the static load model requires 
relatively low density data samples. In other words, the 
dynamic load model cannot be used when the sampling 
rate of the measuring device is low. In that case, only the 
static load model can be used. 

In this study, the static load model is chosen because of 
the realistic constraint that a high performance measuring 
device, such as digital fault recorder (DFR), has not been 
installed on every bus. To determine the parameters, the 
data are measured on every substation in Korea at interval 
of four seconds by the Korean Energy Management System 
(K-EMS). The parameters are estimated without iterations 
by a Kalman-filter based load modeling algorithm. 
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This paper is organized as follows: Section 2 explains 
how the real system data are acquired. Then, Section 3 
describes the process to construct the static load model. 
Several case studies are carried out in Section 4 to evaluate 
the accuracy of the load model. Finally, conclusions are 
given in Section 5. 

 
 
 

2. Load Data Acquisition 
 
The measurement based load modeling requires the data 

from every target load. In order to obtain accurate load 
model, it is recommended to install high-performance 
measuring devices on all loads. However, such installation 
is price prohibitive because the measurement device is 
expensive. Therefore, using the existing K-EMS is the 
most realistic way to measure the real data in current 
situation. 

 
2.1 Data acquisition from K-EMS 

 
The data for load modeling should demonstrate apparent 

responses of real and reactive powers to voltage variation. 
To demonstrate the load responses, the data must be 
acquired as multiple samples, and the proper number of 
samples is determined by the structure of the load model. 
Additionally, the data should not include load consuming 
power variations when there are no voltage variations. The 
power variations without associated voltage variations are 
characterized as noise from the load modeling viewpoint. 
Because the K-EMS acquires data samples every four 
seconds, it requires one minute in order to obtain only 15 
samples. Therefore, the load data should be measured for a 
long time to include the load responses enough. In the 
same manner, the longer time the data are measured, the 
more power variations are included that are not the 
responses to the voltage variations. In short, the acquisition 
of numerous load responses and removal of noise load 
variations are mutually exclusive. In this study, 26 is 
determined to be the appropriate number of data samples 
by considering aforementioned two mutually exclusive 
conditions. 

The K-EMS data acquisition process is described in Fig. 
1. First, the voltage, real power, and reactive power are 
continuously monitored by connecting the data acquisition 
program to the K-EMS. Next, the data are saved when the 
voltage variation is greater than 1 % (6 and 20 samples 
before and after the variation, respectively). Finally, the 
saved data are periodically checked and provided for the 
load modeling. 

 
2.2 Data classification and valid data screening 

 
The raw data acquired from the K-EMS require to be 

classified and be rearranged into suitable forms for the load 

modeling. In general, the feeders, which are connected to 
one main transformer in a substation, are modeled as a 
single load in the power system model. Therefore, the data 
from the K-EMS are classified by the substation, 
transformer, and data type (voltage, real power, and 
reactive power). The data classifications are described in 
Fig. 2. 

 
 

 
Fig. 2. K-EMS raw data classification 

 
 
After the classification, the data should be screened to 

determine if they are valid. The data screening process is 
described in Fig. 3. First, each data set (V, P, Q) are 
extracted responding to a voltage variation. Next, the data 
sets are classified as valid if every data set contains 26 
samples. After that, each data set is checked to ensure that 
it is not composed of only zeros; data sets are invalid if any 
data set is composed of only zeros (measurement failure). 
Finally, valid data are saved and the procedure is iterated 
until all of the data are screened. 

 
Fig. 1. K-EMS data acquisition process 
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Fig. 3. Data screening process 

 
 
3. K-EMS Real Data Based Load Modeling 

 
If the macroscopic data acquisition is defined as 

acquiring a few data from every bus, microscopic data 
acquisition can be defined as acquiring many data from a 
specific bus. According to those definitions, the K-EMS 
acquires data in a macroscopic manner. To compose an 
optimal load model by using the K-EMS field data, the 
load model structure should be selected in consideration of 
the macroscopically acquired data. Then, the parameter 
estimation algorithm should be developed in consideration 
of the selected model structure. 

 
3.1 Selection of load model structure 

 
The load model structure describes the intricately 

connected numerous loads in a relatively brief form. The 
load model is classified as either the static or dynamic 
models corresponding to its characteristics. The static load 
model only includes the steady state characteristics. The 
ZIP model and the exponential model are the representative 
static load models, and the ZIP model can represent the 
physical meaning of a load. In contrast, the dynamic load 
model includes the transient characteristics as well as the 
steady state characteristics. The state-variable-equation 
model and the induction machine model are the 
representative dynamic load models, and the induction 
machine model can represent the physical meaning of a 
load. 

Because the K-EMS data are sampled at every four 
seconds, they do not include the transient characteristics of 
loads. Therefore, it is not appropriate to compose the 
dynamic load model based on the K-EMS data. In contrast, 
the static load model can be composed by using the K-
EMS data because it requires only steady state 
characteristics. Due to its simple structure, the ZIP model 
can be composed by using just a few data samples; it 
represents the physical meaning of load. Therefore, the ZIP 
model is the most appropriate model for the K-EMS data. 
The ZIP model is described in (1)-(2). 

 
2
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          (1) 
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0 0

V VQ Q q q q
V V

⎛ ⎞⎛ ⎞ ⎛ ⎞⎜ ⎟= + +⎜ ⎟ ⎜ ⎟⎜ ⎟⎝ ⎠ ⎝ ⎠⎝ ⎠
          (2) 

 
where P0 and Q0 are the real and reactive power in steady 
state, respectively. V0 is the base voltage to make the load 
voltage, V in pu. The pZ,I,P and qZ,I,P include the 
characteristics of the ZIP model. 

 
3.2 ZIP model parameter estimation 

 
There are various estimation algorithms used to 

determine the parameters of the ZIP model. Thus, it is 
important to select the most appropriate estimation 
algorithm. To determine the best algorithm, the required 
modeling time should be considered because the 
measurement based load modeling method requires large 
amount of time in order to individually model every load in 
the power system. The estimation algorithm should 
minimize the computational time while determining 
accurate parameters. Therefore, an estimation algorithm 
which requires iterative computation, such as the gradient 
decent method, the Newton method, and the genetic 
algorithm, is not suitable considering the characteristics of 
the K-EMS data and the ZIP model [13]. This study 
develops a non-iterative parameter estimation algorithm 
based on the Kalman-filter algorithm. 

 
3.2.1 Kalman-filter based parameter estimation algorithm 

The Kalman-filter algorithm has the smoothing 
properties and the noise rejection capability robust to the 
process and measurement noises [14, 15]. In practical 
environments (in which the states are driven by process 
noise and observation is made in the presence of 
measurement noise), the estimation problem for the ZIP 
model can be formulated with a linear time-varying state 
equation. Also, the error from power variations can be 
reduced during the estimation process. In this study, the 
state model applied for the estimation is given as 
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where the matrices, Φ(∈Ri×i) and Г(∈Ri×j) and the vector, 
c (∈R1×i) are known deterministic variables, and the 
identity matrix, I (∈Ri×i), is usually chosen for the matrix, 
Φ. The state vector, x (∈Ri×1) can represent the parameters 
of ZIP model. And, ω (∈Rj×1) is the process noise vector, z 
is the measured power, and v is stationary measurement 
noise. Then, the estimate of the state vector is updated by 
using the following steps: 
 

• Measurement update: Acquire the measurements, z(n) 
and compute a posteriori quantities. 

 
1( ) ( ) [ ( ) ]

ˆ ˆ ˆ( ) ( ) ( )[ ( ) ( )]

( ) ( ) ( ) ( )

T Tn n n r

n n n z n n

n n n n

− − −

− −

− −

= +
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k P c cP c

x x k cx

P P k cP

       (4) 

 
where k (∈Ri×1) is the Kalman gain, P is a positive-definite 
symmetric matrix, and r is a positive number selected to 
avoid a singular matrix. Typically, P¬(0) is given as P¬(0) = 
λI (λ > 0), where I is an identity matrix. 
 

• Time update: 
 
ˆ ˆ( 1) ( )

( 1) ( )T T

n n

n n

−

−

+ =

+ = +

x Φx

P ΦP ΓQΓ
            (5) 

 
where Q (∈Rj×j) is a positive-definite covariance matrix, 
which is zero in this study because the stationary process 
and measurement noises are mutually independent. 
 

• Time increment: Increment n and repeat. 
Thereafter, the estimated output (the load power 

consumption) is calculated as 
 

maxˆ ˆ( ) ( ) ( )y n n n= ⋅c x                (6) 
 
Fig. 4 shows the estimation algorithm to determine the 

parameters of the ZIP model, which applies the Kalman-
filter algorithm to the real load data. 

The real and reactive powers of the ZIP model are 
modeled independently each other. The deterministic 
vector c is given as (7), where V is in pu for generality. 

 
2( ) 1, ( ), ( )n V n V n⎡ ⎤= ⎣ ⎦c                (7) 

 
To model the real power, the Kalman-filter algorithm is 

applied in sequence with different measurements of z in (8). 
Then, the real power characteristic of the load is modeled 

as (9). 
 

measured( ) ( )z n P n=                   (8) 

estimated maxˆ ˆ( ) ( ) ( ) ( )P n y n n n= = ⋅c x        (9) 
 
In the same manner, the reactive power characteristic of 

the load is modeled as (11) by applying the Kalman-filter 
algorithm to the measurement z in (10). 

 
measured( ) ( )z n Q n=                   (10) 

estimated maxˆ ˆ( ) ( ) ( ) ( )Q n y n n n= = ⋅c x        (11) 

 
3.2.2 Algorithm verification using PSS/E data 

To verify the validity of the ZIP modeling algorithm, 
simulated data from the PSS/E is used. To evaluate the 
accuracy of the ZIP model, RMSEs are defined in (12)-(13) 
for the real and reactive powers. 

 

[ ]
max

2
P actual estimated

max 1

1RMSE ( ) ( )
n

n

P n P n
n =

= −∑    (12) 

[ ]
max

2
Q actual estimated

max 1

1RMSE ( ) ( )
n

n

Q n Q n
n =

= −∑    (13) 

 
where Pactual and Qactual denote the actual values, and nmax is 
the number of samples. In this case, the data acquired from 
the PSS/E simulation are treated as the actual values. 

Fig. 5 shows the responses of the original load in PSS/E 
and those of the load model. The RMSEP and RMSEQ are 
0.0005 and 0.0002, respectively. Thus the load model can 
be evaluated as showing almost the same responses with 
the original load. 

The measured data in a real power system have the load 
variation itself, as well as the load response due to the 
voltage variation. For accurate load modeling, the noise 

Fig. 4. Estimation algorithm to determine parameters of 
ZIP model 
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caused by the load variation should be removed. As 
mentioned in section 3.2.1, the Kalman-filter algorithm has 
the smoothing properties and the noise rejection capability 
robust to the process and measurement noise. Therefore, 
the proposed Kalman-filter based ZIP modeling algorithm 
can remove the noise of load variation effectively. Fig. 6 
shows the modeling results based on the white Gaussian 
noise added PSS/E data. To verify the excellent noise 
rejection performance of the proposed load modeling 
algorithm, excessively large noise is added considering the 
practical power system. In spite of the excessive noise, the 
proposed algorithm exactly determines the load model. The 
RMSEP and RMSEQ of the estimated powers are 0.0097 
and 0.0060, respectively. 

As described by Fig. 6, the proposed load modeling 
algorithm has excellent noise rejection capability. 
Therefore, the proposed algorithm can improve modeling 
accuracy by removing measurement error and noise of load 
variation. 

 

 
Fig. 6. Estimation results using noise-included PSS/E data 

4. Results of Load Modeling Based on Real K-
EMS Data 

 
To model the load in real power system, the K-EMS data 

are used. Korea power exchange (KPX) measures the data 
at February 8-10, 2011. The K-EMS raw data are handled 
by using the process which is described in Section 2. And 
then, the estimation algorithm of Fig. 4 is applied. This 
paper represents four load modeling results on Figs. 7-11. 

Fig. 7 shows the voltage variation and corresponding 
load responses at substation-A. In the left upper graph, the 
dotted and dashed lines represent the primary and 
secondary voltages in pu, respectively. The secondary 
voltage is lower than the primary voltage because the tap 
ratio is smaller than 1 in the right upper graph. The 
secondary voltage has same variation with the primary 
voltage because the tap ratio is not changed. The left lower 
graph describes the real power and the right lower graph 
describes the reactive power. The dots indicate the 
measured values and the solid lines show the responses of 
the load model. The load model accurately represents the 
load responses corresponding to the voltage variations at 
20-24 seconds. The load model is validated with a data 
which is measured at same load different time. The 
validation result is described in Fig. 8. 

 

 
Fig. 7. Characteristics of measured load and load model at 

substation-A (without tap change) – 10:02:32 a.m., 
February 8, 2011 (pz = 0.3851, pI = 0.3362, pp = 
0.2787, qz = 3.2397, qI = –0.1611, qQ = –2.0786). 

 
Fig. 9 shows another case of load modeling in 

substation-A. In the same manner with the case of Fig. 7, 
the load model accurately represents the load responses 
corresponding to the voltage variations at 20-24 and 44-48 
seconds. The secondary voltage shows another change at 
68-72 second while the primary voltage is almost fixed 
because the tap ratio is changed at that moment as shown 

Fig. 5. Estimation results using noise-free PSS/E data 
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in the right upper graph. The load model exactly represents 
the load response at 68-72 second as well as the other 
voltage variation times. 

Fig. 10 shows the voltage variation and corresponding 
load responses at substation-B. In the same manner with 
the case of substation-A, the load model exactly represents 
the load response corresponding to the voltage variation. 
Differently from the former cases, the measured real power 
shows much power variation which is not related to the 
voltage variation. In the view point of load modeling, that 
variation is caused by the change of power consumption. 
Therefore, the noise of power variation should be removed 
for accurate load model. The proposed load modeling 
algorithm successfully removes that noise and determines 

accurate load model. 
Fig. 11 shows the voltage variation and corresponding 

load responses at substation-C. There are two valid voltage 
changes at 20-24 and 52-56 seconds. In the same manner 
with the former cases, the proposed load modeling 
algorithm effectively removes the noise of load variation 
and determine the accurate load model. 

 

 
Fig. 10. Characteristics of measured load and load model at 

substation-B – 06:07:00 a.m., February 9, 2011 

 

 
Fig. 11. Characteristics of measured load and load model at 

substation-C – 05:57:44 a.m., February 8, 2011 
 
Fig. 12 shows the characteristics of load model which is 

currently used in KPX (Korea power exchange). The 
model is not inaccurate in reactive power comparing to the 
model in Fig. 7. The KPX model is not accurate to describe 
an individual load because the uses one ZIP model for the 
entire power system. Although ZIP model cannot describe 
the transient of load, it is still meaningful to show the 
relationship between voltage and powers. Due to that 
reason, the KPX currently uses the ZIP model. To 

Fig. 8. Validation of load model which is represented in
Fig. 7 with anther data achieved from substation-A
– 10:35:20 a.m., February 9, 2011 

 

 
Fig. 9. Characteristics of measured load and load model at

substation-A (with tap change) – 10:27:00 a.m.,
February 8, 2011 (pz = 0.6245, pI = –0.3000, pp = 
0.6755, qz = 5.4470, qI = –5.4659, qQ = 1.0189). 
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implement a ZIP model, the measured data does not 
required to have transient component because the ZIP 
model does not contain a transient phenomenon. In this 
reason, the K-EMS data can be used to implement a ZIP 
model. By the way, some readers may think that the K-
EMS data are measured at every 4-second and it is not 
sufficient. That question can be answered by comparing the 
reactive power models in Figs. 7 and 12. The accuracy of 
ZIP model is much improved by this study. 

 
5. Conclusion 

 
This paper proposes a static load modeling algorithm 

using the K-EMS data. The load response to a voltage 
change is required to assemble and accurate load model, 
without an independent load variation. However, the K-
EMS data include independent load variations or have 
insufficient load responses because of the four second 
sampling interval. The ZIP model structure can compensate 
the deficiencies in load response data because it does not 
require a transient response. In addition, the proposed ZIP 
modeling algorithm based on the Kalman-filter algorithm 
removes the noise of the independent load variation. 
Therefore, the proposed algorithm accurately composes the 
load model. Of course, the load model describes the load 
characteristics more accurately if there is high sampling 
measuring devices. However, those devices are very 
expensive to install every bus in Korea power system. 

The proposed algorithm allows existing K-EMS data to 
be effectively used for load modeling, which makes it 
possible to model every load in Korea power system. 
Therefore, it is the most realistic method currently 
available, because the load model can be composed 
without installing additional expensive measuring devices. 

The proposed algorithm will improve the accuracy of 
power system analysis and contribute to the related 
industries and studies.  
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