
IOP Conference Series: Earth and
Environmental Science

     

PAPER • OPEN ACCESS

Energy consumption model improvement with
principal component analysis method for small
village community
To cite this article: Subhan Petrana et al 2018 IOP Conf. Ser.: Earth Environ. Sci. 105 012014

 

View the article online for updates and enhancements.

You may also like
Adaptive Gaussian process regression for
efficient building of surrogate models in
inverse problems
Phillip Semler and Martin Weiser

-

Experimental Researches on the Durability
Indicators and the Physiological Comfort of
Fabrics using the Principal Component
Analysis (PCA) Method
L Hristian, M M Ostafe, L R Manea et al.

-

Competency test clustering through the
application of Principal Component
Analysis (PCA) and the K-Means algorithm
Raditya Danar Dana, Dodi Soilihudin,
Ryan Hamonangan Silalahi et al.

-

This content was downloaded from IP address 3.22.181.81 on 05/05/2024 at 17:39

https://doi.org/10.1088/1755-1315/105/1/012014
https://iopscience.iop.org/article/10.1088/1361-6420/ad0028
https://iopscience.iop.org/article/10.1088/1361-6420/ad0028
https://iopscience.iop.org/article/10.1088/1361-6420/ad0028
https://iopscience.iop.org/article/10.1088/1757-899X/209/1/012104
https://iopscience.iop.org/article/10.1088/1757-899X/209/1/012104
https://iopscience.iop.org/article/10.1088/1757-899X/209/1/012104
https://iopscience.iop.org/article/10.1088/1757-899X/209/1/012104
https://iopscience.iop.org/article/10.1088/1757-899X/1088/1/012038
https://iopscience.iop.org/article/10.1088/1757-899X/1088/1/012038
https://iopscience.iop.org/article/10.1088/1757-899X/1088/1/012038
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuYSfTFWd_1snDZOEBKZS-JebVPY0NC9pDglydYl6jICVir0sngGhTu7yaoGRKfvb6jbal9QBUQJO4Ul28noUWEz4dmmxIkzmClzSxKo4O0kBSz1diVZKnwa387LY_vBIXXK3vAh_Zv8M11qa_-7VBQc8OLPBuFefcB-imTxSTr6lloMdYABhHZ7HZp9eJvcpGfz91qOe6z73DcdZCo4p-h7NGB4vZwexR-e9GZI3MjQYST-ZUWhGu4CVevP0NFPGM-uF0JGJdLwXEM_BcYa56fEolnKndnzX9z-rax9_itAHtifplBFQu6Q1eQ44GmLnGOdVu246pDjxy5yQMqtlFDvDaDbQ&sig=Cg0ArKJSzDLkO-bsR74J&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

2nd international Tropical Renewable Energy Conference (i-TREC) 2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 105 (2018) 012014  doi :10.1088/1755-1315/105/1/012014

 

 

 

 

 

 

Energy consumption model improvement with principal 

component analysis method for small village community 

Subhan Petrana1, Eko Adhi Setiawan2 and M Yunus H A1 

1Department of Electrical Engineering, Universitas Khairun, Ternate, Indonesia 
2Tropical Renewable Centre, Faculty of Engineering, Universitas Indonesia,  Depok, 

Indonesia 

Email : subhanpetrana@gmail.com 

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−7𝑥 𝐴1) −

(1.54𝑒−7𝑥 𝐴2) + (0.037𝑥 𝐴3) + (7.45 𝑥 𝐴4), 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]: 
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the linear matrix combination is as follows: 
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to maximize the ratio of PC1 variance to total Variance, with the limit that: 

 

𝑎𝑖1
2 + 𝑎𝑖2

2 + ⋯+ 𝑎𝑖𝑝
2 = 1      (3) 

Principal Component is as follows: 

 

𝑃𝐶𝑖 = 𝑎1𝑖𝑋1 + 𝑎2𝑖𝑋2 + ⋯+ 𝑎𝑝𝑖𝑋𝑝      ; 𝑖 = 1, 2 , … . 𝑘   (4) 

 

and matrix PC is as follow: 

𝐹 = [

𝑓11
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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]: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

 

𝑋 = [

𝑋11

𝑋21

⋮
𝑋𝑛1

   

𝑋12

𝑋22

⋮
𝑋𝑛2

   

⋯
⋯
⋮
⋯

   

𝑋1𝑝

𝑋2𝑝

⋮
𝑋𝑛𝑝

]       (6) 

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: 

 

𝑥𝑖𝑘
1 = 

[𝑥𝑖𝑘 − 𝑥̅𝑘]
𝑆𝑘

⁄       ; 𝑖 = 1,2,⋯ , 𝑛 ; 𝑘 = 1,2,⋯ , 𝑝    (7) 

Where 𝑥𝑖𝑘 is observation data, 𝑥̅𝑘 is mean, and 𝑆𝑘 is deviation standard. The equation of mean and 

deviation standard is as follow : 

𝑥̅𝑘 = 1 𝑛⁄  ∑ 𝑥𝑖𝑘
𝑛
𝑖=1       ;  𝑆𝑘 = √1

𝑛 − 1⁄ ∑ (𝑥𝑖𝑘 − 𝑥̅𝑘)2𝑛
𝑛−1     (8) 

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: 

      𝑟𝑖𝑗 = ∑ 𝑥𝑘𝑟
1𝑛

𝑖=1  𝑥𝑘𝑗
1 /𝑛 − 1       ; 𝑖, 𝑗 = 1, 2,⋯ , 𝑝      (9) 

𝑅 = [

𝑟11
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⋮
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⋯
⋯
⋮
⋯

   

𝑟1𝑝

𝑟𝑖𝑝
⋮

𝑟𝑝𝑝

] 

 

3. Next step is the determine of non-negative eigenvalue that uses characteristic equation |R − λI| = 0  

and eigenvector corresponded to the eigenvalues from R matrix: 

 𝐶𝑖 = (𝐶1𝑖, 𝐶2𝑖,⋯ , 𝐶𝑚𝑖)
𝑇     ; 𝑖 = 1, 2,⋯ ,𝑚      (10) 

 

4. Furthermore, M principal components arranged of the eigenvectors using the formula below: 

 

𝑃𝐶𝑖 = 𝑐1𝑖𝑋1 + 𝑐2𝑖𝑋2 + ⋯+ 𝑐𝑝𝑖𝑋𝑝    ; 𝑖 = 1, 2,⋯ ,𝑚      (11) 

 

Principal components 𝑃𝐶1, 𝑃𝐶 … . . , 𝑃𝐶𝑚 are uncorrelated variables to each other. 

 

3.  Result and Discussion 

3.1.  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 

Figure 2. Research flowchart 
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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:    

𝐜𝐨𝐬𝝋 = 𝑷 𝑺⁄       (12) 

 

where cos𝜑 is Power Factor, while P, S as real power and apparent power, equation (12) can be 

written as: 

 

𝑃 = cos𝜑  𝑥 𝑆       (13)    

so that: 

           𝑃 =  0.85 𝑥 450 𝑉𝐴 = 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  =  382.5 𝑥 24 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: 

                         𝑹 =   

[
 
 
 
 

𝟏
𝟎. 𝟖𝟐𝟓
𝟎. 𝟎𝟖𝟓
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𝟏
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𝟏
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𝟎. 𝟐𝟗𝟒

   

𝟎. 𝟖𝟏𝟓
𝟎. 𝟕𝟏𝟕
𝟎. 𝟐𝟗𝟑

𝟏
𝟎. 𝟗𝟗𝟗

   

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) 

 

 

 

 

 

 

 

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 

 

 

 

 

 

 

 

 

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 𝐴1) − (1.54𝑒−7𝑥 𝐴2) + (0.037𝑥 𝐴3) + (7.45 𝑥 𝐴4). 

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: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Independent variable Symbol Variance Inflation 

Family Income  A1 5.383 

Family Expenses  A2 3.439 

Total Family 

Numbers  

A3 1.278 

Load Factor  A4 3.507 

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 

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 𝐴1) − (1.54𝑒−7𝑥 𝐴2) + (0.037𝑥 𝐴3) + (7.45 𝑥 𝐴4). 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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