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Abstract 

There is currently no benchmark data that can be used to 

compare the energy consumption characteristics of 

residential buildings in South Korea. In this study, 

through national open-data analysis, a series of 

benchmark data generation processes have been 

demonstrated. The main features of the data development 

are; 1) utilizing statistically processed microdata for 

secure representativeness of the data; 2) employing a 

prototypical building concept for detailed benchmark data 

development to elucidate various building characteristics; 

3) using key variables that cause fundamental differences 

in energy consumption. The results represent energy 

consumption characteristics with respect to regions, 

housing types, and net usable area.  

Key Innovations 

• Combining the national building energy survey 

with benchmark data development through the 

construction of questionnaires, microdata, and 

prototypical residential building groups. 

• The benchmark data present detailed residential 

energy consumption characteristics through a 

new analysis framework that has not yet been 

used in South Korea by including regions, 

housing types, and net usable area. 

Practical Implications 

The benchmark data can be used to evaluate the energy 

performance of existing residential buildings. In addition, 

it can be used for determining building energy targets in 

the design phase by providing an energy-saving potential 

relative to the benchmark buildings. If the results can be 

extrapolated for all residential buildings, this data could 

be used for the evaluation of countrywide residential 

energy. 

Introduction 

In South Korea, residential buildings account for 

approximately 55% of the gross building area. In terms of 

total building energy consumption, as shown in Table 1, 

51% of the total energy consumption occurs in the 

residential building sector (Ministry of Trade, Industry 

and Energy, 2017). In early 2010s, the South Korean 

government established a strong building code (i.e. 

Building Energy Conservation Design Standard) and 

certification systems (i.e. BEEC: Building Energy 

Efficiency Certification and SBC: Sustainable Building  

Certification) to enhance the energy efficiency of 

buildings and achieve their greenhouse gas reduction 

target. As residential buildings are believed to have a 

relatively large saving potential and easy-to-apply energy 

technologies, the government will only permit the 

construction of zero-energy residential buildings from the 

year 2025. 

Table 1: Total energy consumption and ratio by major 

sectors in S. Korea (1000 TOE, MOTIE, 2017) 

Sector 
Total Energy Consumption 

 (%) 

Industrial 130,010 (60.4) 

Transportation 44,802 (20.8) 

Residential 20,780 (9.6) 

Commercial & Public 19,828 (9.2) 

Total 215,419 (100) 

 

Background 

While many countries have strong policies to reduce the 

energy use of buildings, there are two important hurdles 

that most countries face. First, policies are difficult to 

enforce owing to a lack of experts who will ensure that 

the building is designed and constructed according to the 

relevant building energy codes. Second, it is difficult to 

regularly monitor the energy-saving impacts of policy 

implementation (Seo, 2016). Overcoming the first 

problem requires improving the ability of authorities and 

inspectors to perform compliance checks. This study 

presents some of solutions to the second problem by 

introducing a systematic and regular evaluation process to 

estimate building energy consumption. 

In South Korea, the implementation of energy policies 

over the past ten years has aimed to reduce residential 

building energy consumption, and such results have been 

announced Ministry of Land, Infrastructure and Transport 

(2019). However, considering that most of the policies 

concentrate on new residential buildings and that new 

constructions only account for 1–2% of the total number 

of buildings annually, it can be expected that the actual 

impact on overall residential building energy 

consumption is not yet significant. Therefore, to evaluate 

variations in residential energy consumption objectively 

and systematically, it is necessary to define the current 

typical energy consumption features of residential 

buildings. This information can be classified with respect 
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to residential types, regions, and building age, which this 

study defines collectively as the benchmark data. 

 

Figure 1: The effect of climatic region and size of NUA 

on primary energy (electricity and fuel) consumption 

Objectives 

In cases where it is impossible to conduct a survey for all 

residential buildings, the benchmark data should be based 

on statistical data derived through a robust sampling 

process and systematic surveys. When the climate zone, 

in which the buildings are located, is classified, the 

difference in energy consumption due to climate should 

be considered. In addition, if there is information about 

the building, the difference in energy consumption per 

unit area with respect to the difference in the net usable 

area (NUA) of the building must be presented separately. 

Figure 1 shows how the size of NUA affects energy 

consumption per unit area based on the results of a 

previous study (Lee et al., 2019). This study aims to 

provide detailed benchmark data for South Korea. In 

consideration of the difference in consumption resulting 

from the characteristics of a building, the benchmark data 

is produced based on the total energy consumption per 

year by region, and the size of the NUA. 

Literature Review 

Household Energy Panel Survey (HEPS) 

The Household Energy Panel Survey (HEPS) aims to 

track the energy consumption characteristics of 

residential buildings. After a preliminary survey of 1,500 

residential buildings in 2009, a formal survey was 

conducted of 2,520 residential buildings sampled from 

2011 to 2018 (KEEI, 2017). Since 2019, the number of 

samples has been expanded to 8,036 residential buildings, 

including 7,000 general residential buildings and 1,036 

residential buildings with new and renewable energy 

facilities. 

The population data used in HEPS is based on the 

Population and Housing Census conducted every five 

years. The HEPS sample was organized using a stratified 

sampling method based on the residential type and NUA 

of residential buildings. Residential type comprised three 

classifications: detached, apartment, and multi/row. The 

samples were then allocated based on residential building 

population by administrative region. Table 2 shows the 

regional distribution of the sampled residential buildings 

by housing type. 

Table 2: Distribution of samples by type of housing 

located in cities (KEEI, 2017) 

Region Detached Row/Multi APT Total 

Seoul 130 80 190 400 

Busan 60 30 70 160 

Daegu 40 30 50 120 

Incheon 30 30 60 120 

Gwangju 30 20 70 120 

Daejeon 30 30 60 120 

Ulsan 19 20 41 80 

Gyeonggi 80 50 150 280 

Gangwon 65 10 45 120 

Chungbuk 50 24 46 120 

Chungnam 70 30 60 160 

Jeonbuk 50 20 50 120 

Jeonnam 90 20 50 160 

Gyeongbuk 90 40 70 200 

Gyeongnam 90 20 90 200 

Jeju 20 10 10 40 

Total 944 464 1,112 2,520 

 

The survey questions of the HEPS were classified into six 

categories, with a total of 149 detailed questions, to obtain 

energy-related information as well as architectural 

characteristics and occupant behavior:  

• Architectural characteristics 

• HVAC and DHW systems 

• Energy consumption by energy source per month 

• Specifications of appliances and operation status 

• Information of household members 

• Operation of private car 

Questions on architectural characteristics include region, 

housing type, number of floors, azimuth, year of 

construction, NUA, and number of exterior walls and 

windows. The appliances in the third category include 

lighting equipment and cooking tools, as well as 

conventional home appliances. Questions relating to the 

operation of the appliances are also asked to determine 

typical operation hours and periods. 

Building Energy Efficiency Certification (BEEC) 

Building Energy Efficiency Certification (BEEC) is a 

national rating system for new residential and non-

residential buildings. Table 3 shows the current building 

energy efficiency rating criteria in terms of annual 

primary energy consumption per unit area (kWh/m²∙yr). 

The annual energy consumption per unit area was 

calculated through energy simulation during the design 

phase. 

However, there is no specific data to support the energy 

rating criteria. These criteria also have two drawbacks. 

The first is that plug energy is not considered because it is 

judged as fluctuating with respect to the behavior of 

residents. Second, BEEC does not take into account the 

tendency of the energy consumption per unit area to 

decrease as the usable living area increases. Therefore, in 
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order to be more reliable and useful, the BEEC system 

should be configured to reflect architectural 

characteristics and overall energy use as much as possible. 

Table 3: Rating criteria of BEEC 

Levels 

Residential building 

Annual primary energy consumption 

(kWh/m²∙yr) 

1⁺⁺⁺ Less than 60 

1⁺⁺ 60 or more, under 90 

1⁺ 90 or more, under 120 

1 120 or more, under 150 

2 150 or more, under 190 

3 190 or more, under 230 

4 230 or more, under 270 

5 270 or more, under 320 

6 320 or more, under 370 

7 370 or more, under 420 

 

Related Previous Studies 

There have been no studies in South Korea that can be 

used as benchmark data, but some studies to determine 

residential energy consumption have been conducted. In 

this section, the methods and results of these studies are 

briefly summarized, and the results are compared in terms 

of energy consumption. Previous study results are 

presented in various forms depending on the 

characteristics of the samples, energy data collection 

methods, and analysis criteria for energy data. 

Energy data is mostly collected from external institutions, 

such as utilities, building management entities, and 

publicly-available statistics. A few studies have collected 

energy data through direct measurement. Jin et al. (2018), 

Jin et al. (2019), Eum et al. (2018), Park et al. (2014), and 

Chung et al. (2010) presented energy consumption 

characteristics by end-use and energy sources, using 

directly measured data for some apartments. Since the 

studies could obtain architectural features and energy 

system information during direct measurement, energy 

consumption characteristics with respect to this 

information are presented in addition to monthly energy 

use. 

Concerning the analysis criteria of energy data, previous 

studies used various analysis variables depending on their 

research purposes. Energy consumption characteristics 

are presented based on NUA and construction year (An et 

al., 2014; Kim et al., 2014; Kim et al., 2011; Lee et al., 

2015; Chung et al., 2010; Lee et al., 2015) and the number 

and type of heating systems (Lee et al., 2018). 

Unlike Korea, advanced countries (especially U.S.) have 

noticed the importance and benefits of benchmarking data 

on building energy use. The most representative policy is 

Benchmarking and Transparency (B&T) in the United 

States, which aims to increase energy efficiency by 

developing programs that produce benchmarking data by 

city and evaluating all of the elements and each 

development process (DOE, 2019). 

LBNL (2017) describes best practices in cities with B&T 

policies in place, and discusses methodologies for 

designing benchmark data analysis programs, and 

characteristics for implementing programs. According to 

this report, most studies conducted as part of the B&T 

policy showed that total energy consumption or EUI 

decreased by 3%~8% over 2~4 years. 

A platform for disclosing and analyzing benchmarking 

data is a tool called ENERGYSTAR's Portfolio Manager 

(DOE, 2018). Buildings are divided into use and main 

functions, and the median energy usage for each building 

is presented at the national level. Using this program, 

select a group of buildings similar to the use and main 

functions of the target building to be analyzed, compare 

the amount of energy used, and determine how much 

consumption the target building generates. Usage data is 

the energy consumption data of commercial buildings 

from the Commercial Building Energy Consumption 

Survey (CBECS), which is investigated by the U.S. 

Energy Information Administration (EIA), a national 

organization. The units of benchmark data are unified in 

terms of usage per unit area, enabling fair usage 

comparisons between buildings. 

Summarizing the results of the literature review, it can be 

seen that the existing studies arbitrarily select the target 

building, that the range of energy data collection is diverse, 

or the criteria for deriving the analysis results are diverse, 

making a fair and direct comparison difficult. 

Methods 

Scope of Benchmark Data 

To develop representative benchmark data for residential 

buildings in South Korea, samples representing various 

residential buildings should be extracted. Furthermore, 

representative architectural and mechanical/electrical 

characteristics and energy consumption information 

should be extracted from these samples. The key 

requirement for benchmark data development is to define 

prototypical residential buildings by some important 

variables, such as region, residential type, and NUA. The 

data for this analysis comes from HEPS microdata (KEEI, 

2017) produced by the Korea Energy Economics Institute. 

The other important decision for benchmark data is 

around time resolution. Using the data from monthly 

energy bills, which are generally expected to be used for 

each country, it is expected that the monthly consumption 

of each energy source can be used as the benchmark data 

without additional time and cost investment. However, 

since the energy bill partly includes the usage of the 

previous month, and there are sample houses that use 

energy sources that are difficult to measure (e.g., diesel, 

kerosene, and biomass) it is not actually useful to look at 

monthly energy bills. It may instead be better to use the 

annual overall energy consumption per unit area as 

benchmark data. 
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Four Steps for Developing Benchmark Data 

The HEPS microdata is cleaned and then grouped by 

variables that affect energy consumption in residential 

buildings. In each group, prototypical buildings that 

represent the energy consumption characteristics of 

residential buildings are implemented to calculate the 

energy consumption. The final benchmark data is 

determined after verifying the validity of the calculated 

energy consumption. The details of each step are as 

follows:  

Step-1: Sampling, Survey, and Database (DB) 

With a strict statistical method, 2,520 samples that 

represent the type and size of various residential buildings 

are taken from a population of approximately 5.8 million 

buildings. Questions are then constructed to obtain 

information in detail on the architectural design, building 

systems, and occupier behavior of the residential 

buildings while aiming to maintain easy and consistent 

responses. All responses are stored in microdata so that 

they can be used in various fields. At the time of this study, 

the results of the 2019 survey had not yet been released, 

therefore the results of the 2017 and 2018 surveys were 

used. 

Step-2: Deriving and Cleaning of the Major 

Variables from Microdata 

Data cleaning was performed to verify the validity of each 

response after extracting essential variables for the 

definition of prototypical residential buildings out of 149 

detailed questions. For example, logical errors between 

building area, gross area, and number of floors, or outliers 

in monthly fuel and electricity consumption were 

excluded from the analysis. In particular, residential 

buildings with monthly fuel or electricity consumption of 

zero or exceeding a certain range are excluded from the 

analysis because the building is considered to be long-

term empty or not typical in residential building energy 

consumption. 

 

Figure 2: Major variables for analysis of HEPS 

Step-3: Definition of Groups by Regions, Housing 

Types, NUA 

The most noticeable differences in total annual energy 

consumption of residential buildings are dependent on the 

climatic region, housing type, and NUA. Lee et al. (2019) 

have shown that, although there are some variations, most 

cases have shown a consistent pattern in accordance with 

these main variables. This means that each group has 

typical consumption features. In this step, the entire 

sample is grouped by location, housing type, and NUA, 

and the values of the variables are defined by group. 

The major variables are defined with eight regions, three 

housing types, and five sizes of NUA, and the details 

corresponding to each major variable are shown in Figure 

2. The HEPS deals with 16 regions, but to obtain a 

statistically sufficient number of samples per group, some 

regions were combined. 

Step-4: Estimation of Energy Consumption per 

Prototypical Residential Building Groups 

The average annual fuel and electricity consumption of 

each group was calculated and converted to unit area-

normalized energy use, EUI (kWh/m²∙yr). The calculated 

results were verified by comparing each group to see the 

consistence of the EUI with respect to regions, housing 

type, and NUA. For example, EUI is generally low as 

NUA increase. Following section describes this 

verification result in detail. 

Results 

Detailed Benchmark Data per Regions/Types/NUA 

This section summarizes the annual fuel and electricity 

consumption of prototypical residential building groups 

classified by region, housing type, and size of NUA. 

 

Figure 3: Energy consumption characteristics Gyeonggi 

with respect to housing type and size of NUA 

Table 5: The proportion of each energy source to total 

energy 

Housing Type 1: Detached House 

(Unit: %) 
NUA 

1 

NUA 

2 

NUA 

3 

NUA 

4 

NUA 

5 

Central 
Fuel 77 78 80 82 79 

Elec 23 22 20 18 21 

Southern 
Fuel 75 75 72 69 72 

Elec 25 25 28 31 28 

Housing Types 2: Apartment 

(Unit: %) 
NUA 

1 

NUA 

2 

NUA 

3 

NUA 

4 

NUA 

5 

Central 
Fuel 76 75 73 77 75 

Elec 24 25 27 23 25 

Southern 
Fuel 72 74 73 75 - 

Elec 28 26 27 25 - 
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Table 4, located at the end of this paper due to table size, 

shows detailed calculation results displaying the number 

of samples, and the fuel and electricity consumption of 

entire prototypical residential building groups. To exclude 

the anomaly of results due to lack of samples, the groups 

with fewer than 10 samples are excluded from the table. 

The energy consumption of these groups is expressed as 

dashes (-) in Table 4. As Table 4 is complex, Figure 3 

illustrates the results of the Gyeonggi region from Table 

4 for a typical example. 

As the NUA increases, annual fuel and electricity 

consumption per unit area decreases. This reasonable 

result is anticipated because most energy use components 

excluding heating and cooling systems have an area-

independent relationship in residential buildings. In the 

case of Gyeonggi, which incorporates a large 

metropolitan area, most groups have a sufficient number 

of samples. The trend in Figure 3 is consistent with the 

number of samples. However, many groups in provincial 

regions do not have enough samples, usually fewer than 

ten, and have a biased energy consumption, as shown 

Table 4. Within the same region and for the same size, 

detached housing groups consume more energy than 

apartments that have many shared walls and slabs with 

adjacent residential buildings. Therefore, this result is also 

reasonable. 

Table 5 shows the proportion of fuel and electricity 

consumption by region, housing type, and size of NUA. 

The proportion of fuel consumption in the detached 

houses in the Central region ranges from 77% to 82%, and 

from 18% to 23% for electricity consumption. Under the 

same conditions, the proportion of fuel consumption in 

the Southern region ranges from 69% to 75%, and the 

electricity consumption from 25% to 31%. This result 

implies that, regardless of total amount of energy 

consumption, the proportion of fuel and electricity 

consumption is relatively constant. However, there is 

approximately a 7% difference between Central and 

Southern regions due to heating energy use in the Central 

region. The proportion of fuel and electricity consumption 

in apartments is more stable because this building type has 

fairly standardized features. The ratio between fuel and 

electricity is 75:25 with 1–2% variation depending on 

climate. 

 

Figure 4: Annual consumption of detached house with 

respect to climatic regions and NUA 

 

Figure 5: Annual consumption of apartment with respect 

to climatic regions and NUA 

Energy Consumption by Climatic Regions 

Figures 4 and 5 show the cumulative annual fuel and 

electricity consumption by climatic region and NUA for 

detached buildings and apartments, respectively. In this 

section, the eight regions were combined into 'Central' 

and 'Southern' regions, which are used in the thermal 

transmittance design guide of the Building Energy Code 

in South Korea. 

• Central region includes Gyeonggi, Gangwon, 

Chungbuk, and Chungnam. 

• Southern region includes Jeonbuk, Jeonnam, 

Gyeongbuk, and Gyeongnam. 

The annual average temperature of the Central region is 

generally lower than that of the Southern region. 

The difference in size is up to 43% (NUA 4) for detached 

houses and up to 19% (NUA 4) for apartments. When the 

region and size are the same, the annual total energy use 

of detached houses is up to 35% (NUA 3) larger than that 

of apartments. For electricity consumption, the difference 

between the climatic regions is not significant relative to 

fuel. In general, fuel consumption is determined by 

heating and DHW energy, and most of the electricity is 

used by home appliances rather than cooling. 

Applicability as Benchmark Data 

Figure 6 illustrates a comparison of fuel and electricity 

use with the results presented in the literature review to 

assess the reliability of the HEPS data used in this study. 

Colored dots indicate the results of Figures 4 and 5, and 

the four groups in the legend are an average of 4–5 groups 

for each climatic region/housing type. For a consistent 

comparison between studies, all units of results are 

converted to annual consumption per unit area 

(kWh/m²∙yr). 

As shown in Figure 6, the developed benchmark data are 

distributed with some consistent and reasonable patterns, 

while the results of existing studies show larger dispersion. 

Owing to the characteristics of the sample buildings, the 

methods of energy data collection, and the variety of 

analysis criteria, direct comparison between the results is 

not useful. However, it is clear that the benchmark data 

could provide comparison points for new and remodeled 

residential buildings. 
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Figure 6: Comparison of developed benchmark data 

with existing study results 

Table 6: Evaluating the energy efficiency rating of 

benchmark data 

Housing Type 1: Detached House 

Regions NUA 
EUI 

(kWh/m²∙yr) 

Rating 

(BEEC) 

Central 

NUA 1 284 5 

NUA 2 210 3 

NUA 3 191 3 

NUA 4 160 2 

NUA 5 114 1⁺ 

Southern 

NUA 1 257 4 

NUA 2 193 3 

NUA 3 155 2 

NUA 4 132 1 

NUA 5 89 1⁺⁺ 

Housing Type 2: Apartment 

Regions NUA 
EUI 

(kWh/m²∙yr) 

Rating 

(BEEC) 

Central 

NUA 1 239 4 

NUA 2 196 3 

NUA 3 155 2 

NUA 4 160 2 

NUA 5 117 1⁺ 

Southern 

NUA 1 237 4 

NUA 2 208 3 

NUA 3 160 2 

NUA 4 138 1 

NUA 5 - - 

*Dash (-) means excluded result from the energy 

consumption calculation due to lack of sample 

* Primary energy conversion factors in Korea are 1.1 for 

gas and fuel, and 2.75 for electricity 

 

Table 6 shows energy efficiency ratings based on the 

BEEC by converting energy consumption of detached 

houses and apartments into total primary energy 

consumption per year. Detached houses are rated from 

1++ to 5th grade and apartments are rated from 1+ to 4th 

grade, without ruling out energy consumption of 

appliances. BEEC is a popular residential building energy 

efficiency rating program. However, a comparison of the 

benchmark results with the BEEC rating criteria indicates 

that the criteria should be upgraded to explain the NUA 

effect and how 1+ grade is more efficient than the average 

residential building. 

Conclusions 

Benchmark data on residential energy consumption could 

provide various benefits to policymakers, engineers, and 

stakeholders. In this study, the energy consumption of 

prototypical residential building groups was calculated 

using 2017 and 2018 HEPS microdata for developing 

benchmark data in South Korea. As residential buildings 

vary with respect to regions, housing types, and net usable 

area, the developed benchmark data in Table 4 correspond 

to these detailed requirements. 

To obtain this result, this study suggests the following 

process: 1) construction of an energy DB based on a 

nationwide residential building survey; 2) selection and 

cleaning of variables and data; 3) definition of 

prototypical building groups by region, housing type, and 

NUA; 4) generation of benchmark data and validation.  

Throughout validation with current BEEC rating criteria, 

the results reveal that this rating system could be 

improved by applying various building features, such as 

climatic region and NUA. A comparison with previous 

similar research results also showed that statistically 

robust survey data could provide more credible and 

theoretically explainable benchmark data. The final 

finding from the proportion calculation results between 

fuel and electricity in residential buildings showed that 

fuel and electricity are generally consumed at a 75:25 

ratio in any residential building, regardless of NUA. This 

ratio changes by 6–7% in detached houses between the 

Central and Southern regions due to cold weather. 

However, this difference between climatic regions 

decreases to 1–2% in apartments, owing to much less 

exposure of walls to outdoor air. 

The developed benchmark data provides fuel, electricity, 

and total annual energy per NUA for various uses. For 

example, it can be used to evaluate the energy 

performance of existing residential buildings. In addition, 

it can be used for setting building energy targets in the 

design phase by providing energy-saving potential 

relative to the benchmark buildings. If we can extrapolate 

the results for all residential buildings, this data could be 

used for the evaluation of countrywide residential energy. 

Due to the limitations of the number of survey samples, 

however, it is difficult to perform a more detailed 

consumption analysis because the end-use of fuel and 

electricity is not fixed; further, if variables are classified 

in more detail, the number of samples decreases further, 

resulting in a bias in energy consumption. These problems 

can be resolved if several changes are made in the coming 

survey phase, where we would expect to be able to present 

more objective benchmark data in the form of energy 

consumption characteristics according to each end-use. 
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Table 4: Annual fuel and electricity consumption by regions, housing types, and size of NUA 

Regions NUA 

Housing Type 1: Detached House Housing Type 2: Apartment 

Num. of 

Samples 

Fuel 

(kWh/m²∙yr) 

Elec 

(kWh/m²∙yr) 
Total 

Num. of 

Samples 

Fuel 

(kWh/m²∙yr) 

Elec 

(kWh/m²∙yr) 
Total 

Gyeonggi 

NUA 1 86 168.9 48.4 217.3 59 111.9 41.0 152.9 

NUA 2 122 114.1 35.9 150.0 269 100.7 34.8 135.5 

NUA 3 80 99.7 28.5 128.1 351 86.5 29.7 116.2 

NUA 4 19 101.0 21.5 122.4 67 88.9 25.9 114.9 

NUA 5 13 65.5 17.7 83.3 28 61.9 20.1 82.0 

Gangwon 

NUA 1 13 213.8 47.8 261.6 24 141.4 39.5 180.9 

NUA 2 38 127.2 30.2 157.4 17 120.9 38.7 159.6 

NUA 3 6 - -  17 74.6 27.5 102.0 

NUA 4 2 - -  6 - -   

NUA 5 4 - -  1 - -  

Chungbuk 

NUA 1 11 102.4 42.2 144.6 37 90.9 39.7 130.7 

NUA 2 60 96.0 32.3 128.3 37 99.3 30.4 129.7 

NUA 3 14 104.3 27.2 131.4 11 70.9 31.1 102.0 

NUA 4 2 - -  0 - -  

NUA 5 2 - -  0 - -  

Chungnam 

NUA 1 43 144.7 46.3 191.0 42 165.8 41.2 207.0 

NUA 2 91 140.5 33.6 174.1 90 89.2 31.8 121.0 

NUA 3 18 89.1 26.0 115.1 87 75.1 25.8 100.9 

NUA 4 4 - -  3 - -  

NUA 5 1 - -  0 - -  

Jeonbuk 

NUA 1 17 182.9 42.1 225.1 10 87.8 44.0 131.9 

NUA 2 29 107.0 35.2 142.2 49 116.8 38.1 154.8 

NUA 3 13 81.1 29.0 110.2 25 86.2 28.6 114.9 

NUA 4 3 - -  1 - -  

NUA 5 2 - -  0 - -  

Jeonnam 

NUA 1 52 100.4 47.3 147.6 20 86.4 33.9 120.3 

NUA 2 77 95.7 33.8 129.5 94 96.1 36.5 132.6 

NUA 3 27 61.2 29.7 90.9 103 72.1 27.8 99.9 

NUA 4 8 - -   12 55.5 26.7 82.2 

NUA 5 16 42.9 16.8 59.7 2 - -  

Gyeongbuk 

NUA 1 66 128.0 41.8 169.7 21 146.1 51.4 197.5 

NUA 2 128 99.3 33.5 132.8 117 100.3 35.8 136.0 

NUA 3 21 88.4 33.6 122.0 70 84.9 30.1 114.9 

NUA 4 12 59.3 26.3 85.6 15 79.3 21.2 100.5 

NUA 5 1 - -  0 - -  

Gyeongnam 

NUA 1 73 123.4 48.7 172.0 40 139.0 47.7 186.6 

NUA 2 110 95.8 32.9 128.8 195 106.1 39.6 145.7 

NUA 3 36 68.0 24.0 92.0 120 78.4 29.7 108.2 

NUA 4 8 - -  26 81.3 24.5 105.8 

NUA 5 0 - -  2 - -  

Dash (-) is excluded from the energy consumption calculation due to lack of sample
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