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1. Introduction

1.1. Study Background and Purpose

The evaluation of energy consumption in buildings has been 
researched in various ways so far.  

There are some representative methods: a method of estimating 
building energy consumption in the way of drawing influential factors 
on energy consumption of a building with particular purpose; a method 
of estimating energy consumption through actual condition survey; and 
a method of estimating energy consumption in the way of calculating 
cooling and heating loads of building with the use of a simulation 
program. However, the above methods cause a considerable difference 
between estimation and actual energy consumption. I there is no 
intensive research on a particular building, reliability lowers and it is 
hard to secure multiple analysis data. 

Therefore, the government performs the policy to make public the 
actual energy consumption (gas and electricity) of most buildings in the 
nation through  Green Building Promotion Act (Mar. 23, 2013, 
enforcement) and Public Data Provision and Use Activation Act (Oct. 
31, 2013, enforcement). According to the building energy information 
disclosure policy, users are able to access energy information easily.

However, in this information environment, if there is no proper 
method to analyze increasing temporal and spatial data, data can be rich 
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but information can be poor. 
To solve this problem, data mining technique to extract information 

on valuable patters and rules of large data is more used as an estimation 
method of data with high complexity. Therefore, this study made use of 
cluster analysis as the main analysis technique of data mining in order to 
analyze gas (LNG) consumption patterns , and thereby established the 
basic unit of gas consumption of the cluster with a similar gas 
consumption pattern.

1.2. Study Method and Scope

For this study, multiple monthly gas consumption data for various 
types of buildings were collected. For data analysis,   cluster analysis as 
the main analysis technique of data mining was conducted. In this way, 
energy consumption patterns of various types of buildings were 
analyzed. 

As a cluster analysis method, hierarchic clustering technique based 
on dynamic time warping supporting time-series data analysis was 
applied. A relevant algorithm was implemented with R, the open data 
analysis software for statistics.

2. Theoretical Analysis

2.1. Hierarchical Clustering Technique

Hierarchical clustering technique is used to classify large data on the 
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Purpose: The current study uses energy information made public as a part of building energy information 
access policy in order to analyze the pattern of end-use gas energy consumption in buildings and establish the 
basic unit of gas energy consumption by building use. Method: Monthly gas energy consumption data from 
buildings in various addresses, provided by the Korean government, was used in the current study. The data was 
categorized based on the similarity to each other, using cluster analysis method that can categorize large volumes 
of data with relative ease and speed. In cluster analysis, hierarchical clustering technique based on dynamic time 
warping was used, as it enables time series data analysis. Result: A cluster analysis of gas energy consumption in 
291 buildings in greater Seoul area with 10 different detailed end-use purposes yielded 25 clusters: 76 buildings 
were in Cluster-1, 142 in Cluster-2, and 36 in Cluster-3, forming the bulk of the sample. Establishing the EUI of 
gas energy consumption by building use, the results showed that commercial-residential buildings had the 
highest consumption at 10.096kWh/㎡, followed by preschools, apartments, offices, religious facilities, stores, 
elementary schools, middle schools, and high schools using most energy, in that order.
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basis of data similarity, relatively quickly an easily. If a proper number 
of clusters is set up, similar data are grouped in the same cluster1). 

Hierarchical clustering is a technique to create a hierarchical cluster 
step by step on the basis of document similarity information. In the 
technique, each document starts with one cluster, and then two clusters 
with high similarity are incorporated into one cluster. Such a process is 
repeated until one cluster is left. A unique set of clusters created well 
regardless of the order of similarity pairs is generated; cluster hierarchy 
is stable; N-1 pairs beginning with from a non-clustering data set is 
combined. Hierarchical clustering is divided into single link technique, 
complete link technique, group average link technique, and Ward's 
technique depending on the criteria of selecting the closest cluster.

2.2. Dynamic Time Warping Technique

Dynamic time warping is an algorithm to measure similarity of two 
data changing non-linearly in the time dimension. This technique is 
mainly applied to voice wave analysis, energy consumption analysis, 
and other pattern analyses.2) 

Dynamic Time Warping (DTW) Distance was deeply researched by 
Kruskal (1983), and  Berndt  Clifford(1994) proposed a method of finding 
a time-series pattern. Like Frechet distance, dynamic time warping 
distance is a method of finding correlations between time-series data and 
minimizing the particular distance  



 of observed paired values. 

Dynamic time warping distance is defined as in the formula (1).  

 



 min ∈ 

  ⋯ 






      (1)

To measure the similarity of time-series change in dynamic time 
warping method, applied is the principle of making individual time 
points lined up with similar points in order to let time-series graphs 
have a similar shape. For example, let's assume  that two time-series 
data  A and B are expressed as  the vector A= a1, a2, a3, a4,……, ai and 
the vector B = b1, b2, b3, b4,……, bj. In the condition, if  dynamic time 
warping technique is applied to calculate the distance of the vectors, it 
is possible for one point of a time-series graph to correspond to more 
than one points of a different time-series graph. At this time, the local 
distance can be seen as a sort of transformer function value of mapping 
the time-series data A to the time-series data B. The cost for allocation 
to another point of B from one point of A can be calculated on the basis 
of the difference of two values, usually.3)

                   (2)

1) A Study on Hierarchical Clustering using Advanced K-Means Algorithm for 
Information Retrieval, (Lee Shin-won, 2005) 

2) A Study on Short-term Electricity Demand Combined Forecast by Time-series 
Cluster Analysis (Sohn Heung-gu, 2016) 

3) A Study on the Regional Classification Method using Dynamic Time Warping 
(Park Mi-ra et al., 2011)

On balance, the dynamic time warping distance between A and B 
means the minimal cost necessary for allocation, as shown in the 
formula (3).

 












       (3)

 Fig. 1 illustrates the diagram for the hierarchical clustering of 
dynamic time warping.

Fig. 1. Conceptual diagram of dynamic time warping hierarchical 
clustering 

3. Time-Series Cluster Analysis

3.1. Selection of analysis targets

Monthly gas consumption data of buildings were collected by open 
building energy information system 4) of Ministry of Land, 
Infrastructure, and Transport. The data include a lot number and a 
purpose of a building only, so that building register search5) was 
conducted to collect building information additional. As the targets for 
building gas consumption analysis, five housing landing development 
districts without district heating, located in Gyeonggido,  were selected.

Table 1 shows the selected  districts.

Classification Location
 Nogyang 

district
 Nogyang-dong area, Uijeongbu-si, 

Gyeonggi-do
Maseok 
district Hwado-eup area, Namyangju-si, Gyeonggi-do

Jinjeop 
district  Jinjeop-eup area, Namyangju-si, Gyeonggi-do,

Bugok 
district  Bugok-dong area, Ansan-si, Gyeonggi-do

Cheonggye 
district Cheonggye-dong area, Uiwang-si, Gyeonggi-do

Table 1. Selected Target Analysis Areas

As for housing land development plan, a site is divided into housing 
construction type, commercial & business type, and public facility type 
depending on building purpose. Therefore, in compliance with the 
categories, a building type is classified as shown in Table 2. 

4) http://open.greentogether.go.kr
5) https://kras.go.kr
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Classific
ation Detailed Explanation

Housing 
facility

Apartment 
house Buildings with apartment units

Commercial 
house

Buildings with commercial facilities on 
lower floors, with other floors used for 

residential purpose

Commer
cial

facility

Sales 
facility

Buildings entirely used to house stores 
(large grocery stores, etc.) and those with a 

concentration of commercial facilities
Business 
facility

Buildings entirely used for offices and those 
with a concentration of commercial facilities

Public 
facility

Religious 
facility Buildings entirely used as religious facilities

Educational 
facility

(kindergarten)
Buildings entirely used as kindergarten

Educational 
facility

(elementary)
Buildings entirely used as elementary 

schools
Educational 

facility
(secondary)

Buildings entirely used as secondary schools

Educational 
facility
(high)

Buildings entirely used as high schools

Public welfare 
facility

Buildings used for public purposes 
including senior club, town hall, library, 

educational facility, and others

Table 2. Classification of building type

3.2. Overview of cluster analysis

The reason why buildings are classified depending on their purpose 
is that buildings with the same purpose can have different energy 
consumption characteristics. Therefore, in the classification, it is 
necessary to analyze gas consumption patterns effectively. 

With a total of 291 buildings in the selected districts, cluster analysis 
on gas consumption was conducted. For analysis, 2012-1016 (5 years) 
monthly gas consumption data were applied.  

As an analysis program, R, an open software for statistics, was used. 
On the basis of five clusters, the number of clusters changed up to  25 in 
order for cluster analysis. 

The buildings selected finally as the result of the cluster analysis on 
the buildings in Table 2 are presented in  Table 3.

Classification Code Number of 
case

Housing 
facility

Apartment house a 63

Commercial house b 29

Commercial
facility

Sales facility c 110

Business facility d 10

Public facility

Religious facility e 20
Educational facility

(kindergarten) f 12
Educational facility

(elementary) g 12
Educational facility

(secondary) h 9
Educational facility

(high) i 7

Public welfare facility j 19

Sum total - 291

Table 3. Building purpose classification and number of case

As shown in Table 3,  291 buildings were classified into housing 
facility, commercial facility, and public facility depending on building 
purpose. Housing facility was sub classified into apartment house and 
commercial house; commercial facility into sales facility and business 
facility; and public facility into religious facility, educational facility 
(kindergarten, elementary, secondary, and high), and public welfare 
facility (library, senior citizen center, etc.). In addition, for cluster 
analysis, alphabet code was assigned to each detailed type. Therefore, 
each building has its code in the form of alphabet + numbers.

3.3. Results of cluster analysis

The results of the cluster analysis on the basis of the method 
suggested earlier are presented in Table 4.

In Table 4, k is the number of clusters.  k=5 means that total data are 
classified into five clusters. Cluster 1-25 represents each  cluster 
created as the result of cluster analysis, and cluster size means how 
many buildings are included in each cluster. The average distance 
between objects represents the average distance between the center 
case and other cases in each cluster. 

According to the cluster analysis as shown in Table 4, when the 
number of clusters (k) is more than 15,there are more than 2 
representative cluster patterns. When k=5 , or  k=10,  the cluster size of 
cluster 1 was very large.  So, the cases of other clusters than cluster 1 
were classified to be specific (abnormal). 

The larger the number of clusters 'k' was, the narrower the average 
distance between the center case and other cases in each cluster was. As 
a result, the classification was found to be highly reliable.  At k=5, the 
center distance between 283 cases in cluster 1 was  4.2, but with a rise 
in k, the center distance between cases reduced. At  k=25, the number of 
cases in cluster 1 was 76. The center distance between cases fell to 0.8. 
Therefore, it was judged that reliability of the pattern classification was 
improved. 

If the cluster size is 1, the number of cases involved in a relevant 
cluster is 1. The center distance between cases is 0, and one case has its 
own cluster. Therefore, it is judged to be a specific case or abnormal 
case so that it is excluded from the basic unit analysis. 

Table 5 shows the classification of buildings in each cluster 
depending on their uses when  k=25. In order to find a rate of relevant 
buildings in each cluster, cluster analysis was conducted when  k=25 in 
case where there are more than four representative cluster patterns.  
Table 5 shows the results of the cluster analysis. 

As shown in the table,  apartment cases accounted for  about 82.54%, 
or 52 buildings in cluster 1 and cluster 2. In particular, of a total of 63 
apartment cases, 29 cases (46.03%) were classified in cluster 2.  

In case of commercial house, of a total of 29 cases, 16 cases ( 
55.17%) were classified in  cluster 2, and there was no classified case in 
cluster 1. This result means that commercial house had a different gas 
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consumption pattern from apartment houses, most of which  were 
classified in  cluster 1.

In case of sales facility, of a total of 110 buildings, 52 cases ( 
47.27%) were classified in cluster 2. Also, the largest number of cases 
in business facility, religious facility, educational facilities 
(kindergarten, secondary, and high), and public welfare facility was 
found in cluster 2. Since cluster 2 had the largest percentage of 

buildings in all educational facilities but elementary educational 
facility, it was judged that  the gas consumption pattern of cluster 2 was 
typical. 

Fig. 2 illustrates the monthly gas consumption pattern of each cluster 
at  k=25.

cluster
cluster size average distance between objects center case

＊k=5 k=10 k=15 k=20 k=25 k=5 k=10 k=15 k=20 k=25 k=5 k=10 k=15 k=20 k=25

cluster 1 283 266 218 218 76 4.2 3.2 2.4 2.4 0.8 c32 c100 c100 c100 a33

cluster 2 4 1 44 36 142 14.1 0.0 2.9 2.5 2.0 d8 b11 a46 a43 c32

cluster 3 2 17 1 8 36 10.9 7.0 0.0 2.7 2.5 b24 c15 b11 b9 a43

cluster 4 1 1 8 1 8 0.0 0.0 3.3 0.0 2.7 c99 b24 c86 b11 b9

cluster 5 1 1 7 7 1 0.0 0.0 3.8 3.2 0.0 e4 c46 b16 c86 b11

cluster 6 - 1 1 6 3 - 0.0 0.0 3.1 2.1 - c47 b24 b16 c88

cluster 7 - 1 4 1 3 - 0.0 3.6 0.0 1.9 - c74 c67 b23 b16

cluster 8 - 1 1 1 1 - 0.0 0.0 0.0 0.0 - c99 c46 b24 b23

cluster 9 - 1 1 1 1 - 0.0 0.0 0.0 0.0 - d8 c47 c100 b24

cluster 10 - 1 1 1 1 - 0.0 0.0 0.0 0.0 - e4 c74 c29 c10

cluster 11 - - 1 1 1 - - 0.0 0.0 0.0 - - c77 c46 c29

cluster 12 - - 1 1 1 - - 0.0 0.0 0.0 - - c99 c47 c33

cluster 13 - - 1 2 2 - - 0.0 1.3 1.9 - - d8 c67 c36

cluster 14 - - 1 1 1 - - 0.0 0.0 0.0 - - e4 c74 c46

cluster 15 - - 1 1 1 - - 0.0 0.0 0.0 - - j17 c77 c47

cluster 16 - - - 1 2 - - - 0.0 1.3 - - - c99 c67

cluster 17 - - - 1 1 - - - 0.0 0.0 - - - d8 c74

cluster 18 - - - 1 1 - - - 0.0 0.0 - - - e4 c77

cluster 19 - - - 1 3 - - - 0.0 1.7 - - - j9 c97

cluster 20 - - - 1 1 - - - 0.0 0.0 - - - j17 c99

cluster 21 - - - - 1 - - - - 0.0 - - - - d8

cluster 22 - - - - 1 - - - - 0.0 - - - - e4

cluster 23 - - - - 1 - - - - 0.0 - - - - e5

cluster 24 - - - - 1 - - - - 0.0 - - - - j9

cluster 25 - - - - 1 - - - - 0.0 - - - - j17

   * k : number of cluster

Table 4. Cluster analysis according to the number of clusters
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uses of building 
 cluster 1 cluster 2 cluster 3 cluster 4 Other cluster

count ratio (%) count ratio (%) count ratio (%) count ratio (%) count ratio (%)

Apartment house 23 36.51 29 46.03 11 17.46 0 0.00 0 0.00

Commercial house 0 0.00 16 55.17 5 17.24 3 10.34 5 17.24

Sales facility 28 25.45 52 47.27 11 10.00 2 1.82 17 15.45

Business facility 3 30.00 5 50.00 1 10.00 0 0.00 1 10.00

Religious facility 6 30.00 11 55.00 1 5.00 0 0.00 2 10.00

Educational 
facility(kindergarten)

1 8.33 4 33.33 4 33.33 3 25.00 0 0.00

Educational 
facility(elementary)

7 58.33 5 41.67 0 0.00 0 0.00 0 0.00

Educational 
facility(secondary)

4 44.44 5 55.56 0 0.00 0 0.00 0 0.00

Educational facility(high) 2 28.57 4 57.14 1 14.29 0 0.00 0 0.00

Public welfare facility 2 10.53 11 57.89 2 10.53 0 0.00 4 21.05

sum total 76 - 142 - 36 - 8 - 29 -

Table 5. Number and proportions of buildings corresponding to the cluster (k=25)

Fig. 2. Monthly gas consumption cluster analysis result (k=25)
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uses of building 
Monthly average (kWh/㎡) Annual average

(kWh/㎡)Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Apartment house 1.074 1.046 0.821 0.588 0.338 0.201 0.134 0.125 0.118 0.189 0.390 0.724 5.748

Commercial house 1.677 1.674 1.244 0.979 0.618 0.360 0.368 0.271 0.292 0.405 0.831 1.377 10.096 

Sales facility 0.786 0.736 0.607 0.448 0.302 0.219 0.201 0.196 0.186 0.215 0.364 0.597 4.857

Business facility 1.091 1.010 0.840 0.585 0.319 0.176 0.116 0.110 0.096 0.155 0.393 0.747 5.638

Religious facility 1.054 1.021 0.745 0.481 0.282 0.128 0.090 0.079 0.070 0.122 0.339 0.674 5.085

Educational 
facility(kindergarten) 1.152 1.304 1.022 0.689 0.284 0.082 0.053 0.046 0.054 0.088 0.388 0.856 6.018

Educational 
facility(elementary) 0.452 0.582 0.557 0.335 0.210 0.260 0.267 0.168 0.220 0.203 0.404 0.715 4.373

Educational 
facility(secondary)

0.460 0.339 0.363 0.396 0.248 0.204 0.171 0.106 0.137 0.190 0.296 0.531 3.441

Educational facility(high) 0.388 0.338 0.358 0.354 0.226 0.193 0.155 0.110 0.168 0.160 0.243 0.355 3.048

Public welfare facility 0.813 0.741 0.640 0.478 0.250 0.150 0.145 0.173 0.176 0.225 0.354 0.620 4.765

Table 6. Gas Energy Consumption by Building Use Calculated Via Cluster Analysis (kWh/㎡)

3.4. Establishment of building gas energy consumption 

unit

On the basis of the results of cluster analysis, the basic unit of gas 
consumption was established. In case of basic unit, source data was 
suggested with kWh. Therefore, in compliance with the suggestion, the 
basic unit was also suggested with  kWh/㎡ (unit area: gross floor area).

Housing facility in cluster 1 had very little gas consumption 
compared to in other clusters. According to the data analysis, a separate 
system like small group energy was judged to be applied. Therefore, it 
was excluded from the basic unit analysis. 

Table 6 presents the basic unit of gas consumption after cluster 
analysis.

With regard to the basic unit of annual average gas consumption, 
commercial house had the highest, or 10.096 kWh/㎡, followed by 
kindergarten, apartment house, business facility, religious facility, sales 
facility, public facility, elementary school, secondary school, and high 
school. In particular, commercial house was judged to have higher gas 
consumption than sales facility, given that restaurants accounted for a 
high percentage.

In case of apartment house,  cluster 2 was applied to suggest the 
basic unit of gas consumption. Most cases were found to be apartment, 
and the basic unit of gas consumption was analyzed to be  5.748kWh/
㎡. Although not presented in the above table,  apartment houses in  
cluster 3 were all multi-household houses or multi-family houses, and 
their gas consumption was analyzed to be somewhat higher  than 
apartment. 

In case of apartment, there has been steady research on their gas 

consumption or their energy consumption characteristics. According to 
the previous studies6)7), gas consumption of apartment house was about  
6~9kWh/㎡. The result was 1.5 times higher than the result of this 
study. The cause of the difference was analyzed. As a result, in this 
study, the total gas consumption of relevant lots offered by open 
building energy information system was applied as the gross floor area 
of the building of the lots. Therefore, it was different from the previous 
studies in which gas consumption of some households was applied as 
the exclusive area of each household. Also, the targets of this study 
included the households which used electric heating appliances like 
electric pads, rather than gas heating system because of the burden of 
heating energy, and the empty households where there are no residents.  

Usually, public facility had lower gas consumption than residential 
facilities and sales facility, except for kindergarten. In particular, gas 
consumption of school buildings was low. High school had the lowest 
gas consumption, or  3.048kWh/㎡.

4. Conclusion

This  study applied cluster analysis to the monthly building gas 
consumption data of each lot, offered by the government so as to 
analyze gas consumption patterns of various types of buildings. In the 
analysis, the basic unit of the energy consumption of the building 
cluster with similar energy consumption pattern was drawn. The main 
results are presented as follows:

6) A Study on Energy Consumption Characteristics of Apartment House based on 
City Gas Consumption Analysis, (Cheon Jin-soo, 2010)

7) A Study on Energy Consumption Change by Apartment House Unit Plane Change, 
(Im In-seop, 2016)
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In housing land development districts, 291 buildings in 10 types 
were selected. Their gas consumption was applied to cluster analysis. 
As a result, The larger the number of clusters 'k' was, the narrower the 
average distance between the center case and other cases in each cluster 
was. At  k=25, the number of cases in cluster 1 was 76. The center 
distance between cases fell to 0.8. Therefore, it was judged that 
reliability of the pattern classification was improved.   

When k=25, each cluster of buildings and a different percentage of 
buildings in each cluster depending on building type were analyzed. 
The results are presented as follows:

 Apartment cases accounted for  about 82.54%, or 52 buildings in 
cluster 1 and cluster 2. In particular, of a total of 63 apartment cases, 29 
cases (46.03%) were classified in cluster 2.  In case of commercial 
house, of a total of 29 cases, 16 cases (55.17%) were classified in  
cluster 2, and there was no classified case in cluster 1. This result means 
that commercial house had a different gas consumption pattern from 
apartment houses, most of which  were classified in  cluster 1.

In case of sales facility, of a total of 110 buildings, 52 cases ( 
47.27%) were classified in cluster 2. Also, the largest number of cases 
in business facility, religious facility, educational facilities 
(kindergarten, secondary, and high), and public welfare facility was 
found in cluster 2. Since cluster 2 had the largest percentage of 
buildings in all educational facilities but elementary educational 
facility, it was judged that  the gas consumption pattern of cluster 2 was 
typical. 

On the basis of the results of cluster analysis, the basic unit of gas 
consumption was established. Commercial house had the highest, or 
10.096 kWh/㎡, followed by kindergarten, apartment house, business 
facility, religious facility, sales facility, public facility, elementary 
school, secondary school, and high school. 

However, given the limited cases of educational facilities 
(kindergarten, elementary school, secondary school, and high school), 
it will be considered to analyze more cases.  
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