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Abstract. Daily electrical energy consumption is a key parameter to determine balancing
electricity supply and demand particularly in remote area where is not yet being electrified.
The absence of daily electrical energy consumption data is a constraint for developing
microgrid systems based on renewable energy. The purpose of this study is to improve
electrical energy consumption model with adding some variables such as family income and
family expenses, the number of family members and the load factor as independent variable,
and electrical energy consumption assumption as dependent variable. Principal Component
Analysis (PCA) method is used to find the relationship between independent and dependent
variables. The electric energy consumption model Y = (0.69) + (1.77e 7"x A4;) —

(1.54e77x A;) + (0.037x A3) + (7.45 x A,), with determination factor (R-Square) is 97%.

1. Introduction

Currently, the number of villages throughout Indonesia that have not been electrified reach 2.519 [1]. It
is a challenge in development of microgrids system based on renewable energy, especially in village
community. Consumption data is important parameter to determine balancing electricity supply and
demand particularly in remote area where is not yet being electrified. The purpose of this study is to
improve electrical energy consumption model with adding some variables such as family income and
family expenses, the number of family members and the load factor as independent variable, and
electrical energy consumption assumption as dependent variable.The PCA method is used to predict
electric power burden as a basic for planning electrical network [2]. While [3] using PCA to predict
electrical load by considering economic condition in the region. Beside PCA, Multiple Regression
Method and Grey Models are also used to predict household electrical consumption. Multiple
Regression Method is used by [4] to predict electrical energy consumption in Delhi by including the
influence of weather change to electrical consumption. The Gray models method by [5] is used to predict
electrical consumption for using as regional electrical consumption model in villages.
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2. Methods

2.1. Principal Component Analysis (PCA)

PCA method is able to simplify observed variables by reducing its dimensions, by means eliminating
the correlation between independent variables through the transformation of original independent
variables into new variables that are not correlated to each other or known as free of multicollinearity.
These variable will be regression to be seen its influence to dependent variable [3].

2.2. Mathematical Model of PCA
Mathematical model of PCA is as follows [3]:

X171 X12 - le
¥ = X:21 X:22 X:zp = [X1 X - Xp] (1)
XT.’ll X;lZ - Xr.1
where:
X=Xy Xzj = Xp|" 5j=12-.p

the linear matrix combination is as follows:

PC, = apnXy + aipXy + - 4+ GpXp

PCZ = a11X1 + a12X2 + .oe + alep (2)
PC, = apiXi + apXy + g App Xy
to maximize the ratio of PC1 variance to total Variance, with the limit that:
ah +ah +-+ah, =1 (3)
Principal Component is as follows:
PCl =a1iX1+a2iX2 +"'+apiXp ;l = 1,2,k (4)
and matrix PC is as follow:
fir fiz - fik
F = far faz o fak (5)
fnl fnz fnk

The equation (1) to (5) are representation of PCA mathematical model.
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2.3. PCA Calculation Steps
The steps of PCA calculation system and its explanation is [2]:

Data Input

v

Data Normalization
v

Determine The Correlation
Matrix

v

Determine The Eigenvalue
and Eigenvector

v
Selected Principal Component (PC)
v
Principal Component Regression

v

Regression Result (Electrical
Energy Consumption Model)

End

Figure 1. Calculation steps

1. The first steps of PCA calculation is to normalize the initial data as assumed in the matrix below:

X11 X12 - Xl’p

e ©
an Xn2 an

Its matrix size is n x p, where n is number of observation and p represent of five variables.

Furthermore, data normalization process is done by procedure that each observed data on a variable is

subtracted with mean of its variable and divided with its standard deviation. The equation is as follow:

xllk = [xlk _fk]/Sk 'l = 1,2,--.,n;k = 1’2’...'p (7)

Where x;;, is observation data, X, is mean, and S, is deviation standard. The equation of mean and
deviation standard is as follow :

Bo= Yn S 5 8= Yy g Bhealoie — 2 ®)

In this equation (8) the variant variable is 1 and mean is 0.
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2. After normalizing, the next step is to determine correlation matrix with equation as follows:

_ n 1 1 el —
Tij = izt Xkr Xgj/m—1  5Lj=12,-,p ©)
rll Tl] coe T'lp
Tie Tii e T
R=|Ta Ty o T
1 Tpj = Tpp

3. Next step is the determine of non-negative eigenvalue that uses characteristic equation |[R — Al| = 0
and eigenvector corresponded to the eigenvalues from R matrix:

Ci= (C1yyCop, Cu)"  5i=1,2,-+,m (10)
4. Furthermore, M principal components arranged of the eigenvectors using the formula below:
PCi=cyiX1 + o+ F+cpiXp 5i=12,-,m (11)
Principal components PC,, PC ....., PC,, are uncorrelated variables to each other.

3. Result and Discussion
3.1. Research Flowchart

Data Input

v

Data Processing by
Principal Component Analysis

v

Daily Electrical Energy
Consumption Model

v

Total Daily Electrical Energy
Consumption Model

'

Determining Load Curve

A 4

End

Figure 2. Research flowchart

Figure 2 shows the process of determining the daily electrical energy consumption model using the PCA
method. The input data consisted of five variables were not considered before such as family income,
family expenses, total family members, load factor is independent variable and electrical energy
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consumption assumption as dependent variable. To find daily electrical energy consumption model, the
input data is processed as shown in figure 1, and HOMER software is applied to form load profile.

3.2. Electrical Energy Consumption Assumption
In this research, electrical energy consumption assumption is determined because the proposed research
object is a remote village and it has no electrical energy consumption data. The electrical energy
consumption assumption calculation is as follow:

cos @ = P/S (12)

where cos ¢ is Power Factor, while P, S as real power and apparent power, equation (12) can be
written as:

P=cosp xS (13)
so that:
P = 0.85x450VA = 382.5 Watt

Based on calculation result above, 382,5 Watt is a power available for each house. While, peak
energy consumption is power that used of each house for 24 hours (hr) is determined using formula
below:

Peak Energy Consumption P x 24 hr (14)
Peak Energy Consumption = 382.5x24 hr =9180 Wh =9.18 kWh

Electrical energy consumption assumption is determined by use load factor 0.4, 0.6 and 0.8 that
grouped based on total family income. its calculation shown in equation below:

Electrical Consumption Assumptions = Daily Load Peak x Load Factor (15)

Thus, based on equation (15) the electrical energy consumption assumption for three type of load
factor above are 3.672 kWh, 5.508 kWh and 7.344 kWh.

3.3. Daily Electrical Energy Consumption Model Determination
The correlation matrix (R) is resulting after normalizing process from the initial data using equation (7)
to (9), correlation matrix as shown below:

1 0.825 0.085 0.815 0.814
0.825 1 0.238 0.717 0.717|

{

R= |0.085 0238 1 0.293 0.294|
0.815 0.717 0.293 1 0.9
0.814 0.717 0.294 0.999 1

The correlation matrix shows that there is a correlation among each variable. For example, if in first
column of the matrix elements R21, R41 and R51 have strong correlation among them. The value of
their matrix elements 0.825, 0.815 and 0.814. In R31 matrix element, value 0,85 has weak correlation
with the three of matrix elements R21, R41 and R51. But, there is no multicollinearity occur because
variance inflation for each independent variable are less than 10, as shown table below:
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Table 1. Variance inflation factor (VIF)

Independent variable ~ Symbol Variance Inflation
Family Income Ay 5.383
Family Expenses A 3.439
Total Family As 1.278
Load Factor Ay 3.507

The next step is to calculate eigenvalue from correlation matrix. The result of the calculation is

shown in the table 2.
Table 2. Eigenvalue of correlation matrix

Principal Component  Eigenvalue  Condition Number

1 2.648 1.00
2 0.955 2.77
3 0.281 9.44
4 0.116 22.83

The result of eigenvalue calculating shows that there is no multicollinearity occur, because the
condition of number for each eigenvalue are less than 100. Its calculation showing there are four
principal component variables that become linier combination which has no correlation each other’s.
Subsequently, regression of four Principal Components resulting daily electrical energy consumption
model with R-square as determinant factor 97 %. The model of daily electrical energy consumption is
as follows Y = (0.69) + (1.77e™7x A;) — (1.54e~"x A,) + (0.037x A3) + (7.45 x A,).

Consumption model as shown the equation above that the largest factor contributed to electrical
energy consumption is load factor with the coefficient 7.45. Family income and expenses have small
coefficient that are 1.77e~7 and 1.54e~7 but they have significant influence because the multiplying
factor are in hundreds and million rupiahs. While number of family members with coefficient 0.037 has
less influence in the equation above. Based on the model, total daily electrical energy consumption is
22.829 kWh/day.

3.4. Load Profile

Daily electrical energy consumption model that is 22,828 kWh/day is shows in the load curve profile
below:

Daily Profile

= ENIEEN
h O O

Load (kW)
o

2. &
o o

12
Hour

Figure 3. Load Profile
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Figure 3 shows a change in the electrical load pattern for one day. Increase electric load occurs in
the afternoon to evening, start from 4 pm to 10 pm with power 1.535 kW, 1.727 kW, 1.918 kW, 2.110
kW and 1.535 kW and peak load is 2.110 kW occurs at 8 pm to 9 pm. Increasing electric loads at night
are caused by most family member doing their activity at home, such as praying, watching TV, and
children learning activity. During the day, the range of load variation is from 0.767 kW to 0.959 kW
because most people in the village doing their activity in outside their home.

4. Conclusion

By PCA method, the research successful determine mathematical model of electrical energy
consumption Y = (0.69) + (1.77e"7x A;) — (1.54e7"x A,) + (0.037x A3) + (7.45x A,). with
determination factor 97%, and daily total energy around 22.829 kWh. In calculation process involving
several variables such as family income, family expenses, number of family members, load factor, and
electrical energy consumption assumption. This result will be used to design microgrid system with
optimum configuration.
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