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Abstract 

In December 2016, the government and KEPCO (Korea Electric Power 

Corporation) modified the progressive tariff system for the purpose of reducing 

electricity bills. The progressive tariff system was changed into a three-block 

system, with the highest block paying triple the amount of the lowest block. The 

research related to the progressive tariff system so far can be divided into before 

and after the modification of the residential progressive tariff system. The studies 

prior to the modification were scenario analysis. After the modification of the 

residential electricity tariff system, the studies used household statistics survey data 

from the National Statistical Office, which is indirect data. There were a few 

national studies have been conducted on the modified tariff system using real 

consumption data. The research considered only the characteristics of households, 

such as the family size, number of children, presence of disabled people, and status 

of basic livelihood security recipient when analyzing the impact of the modified 

tariff system on electricity consumption.  

 

However, the household electricity consumption was influenced by various 

factors: urban geometry, building design, systems efficiency, and occupant 

behavior. Therefore, a better understanding of the building electricity consumption 

and its change due to new progressive tariff system in urban contexts should 

control both the social economic variables of occupants and the built 

environmental variables such as the geometry and building density. Therefore, the 

aim of this study is to analyze; 1)How the social economic and built environmental 

characteristics of the neighborhood have had an effect on electricity consumption, 

2) How the new progressive tariff system had an effect on electricity consumption, 

3) How changes in electricity consumption in neighborhood with different social 

economic condition after the implementation of new progressive tariff system. 

 

In this study, two different datasets were used for analysis of effect of new 

electricity tariff system, socio-economic factors and built environmental factors on 

EUI (Energy Use Intensity) due to the limitations of data access. Electricity 



consumption of multi-family house complex units was from the Building Energy 

System. This was electricity consumption by parcel, and one parcel had an 

electricity consumption data. That is, the electricity consumption data of the multi-

family house complex unit was the electricity consumption of the entire parcel or 

complex, and the electricity consumption by household in the parcel or complex is 

aggregated. On the other hand, household electricity consumption data was from 

the Household Energy Standing Survey. Although this is individual data for each 

household, there is no location information, so it is not possible to take into account 

the influence of the built environment on electricity consumption, such as green 

space. Therefore, using the two data 'Multi-family house complex' and 'Household', 

the effect of neighborhood contexts on residential electricity consumption was 

analyzed and the changes in residential electricity consumption depends on social 

economic condition after the implementation of new progressive tariff system also 

analyzed . 

 

The dependent variable in complex unit data was EUI (Energy Use 

Intensity=Total electricity consumption/Total floor area), and in household unit 

data was EUI (Energy Use Intensity=Household electricity consumption/house 

area). The independent variable was HDD+CDD (Heating and Cooling Degree 

Day), 4 variables in built environmental factor and 3 variables in social economic 

factor. In complex unit data: Building age, FAR (Floor Area Ratio), BCR (Building 

Coverage Ratio), Green area within 500m radius, Price per area, Occupancy, and 

Ratio of over 65-year-old. In household unit data: Building age, Orientation, 

Number of bedroom, Number of living room, Income, Occupancy, and Ration over 

65-year-old.  

 

To answering the first sub research question panel analysis used. In the result 

of panel analysis using both complex and household unit data, the coefficients of 

social economic factors were different. In both results, Occupancy and ratio of 

elderly people showed positive correlation with EUI, but price per area and income 

showed different correlation. ITS-Panel analysis, which integrates Interrupted Time 

Series into Panel analysis, was used to analyze changes in electricity consumption 

after the implementation of the new tariff system. In the result of ITS-Panel 



analysis using both complex and household unit data, the coefficient of Trend was 

different. In the analysis of complex unit data, the trend showed a positive 

correlation with the EUI, but the trend variable in the household unit data was 

insignificant. That is, after the implementation of new tariff system, the EUI in 

complex unit data increased, but the EUI in household unit data was independent of 

the new tariff system. 

 

In complex unit data, among the interaction terms, only Orientation x Trend 

and Ratio over 65-year-old x Trend showed statistically significant correlation. The 

ratio over 65-year-old variable had a positive correlation with EUI (Energy Use 

Intensity), and after the implementation of new progressive tariff system, the 

positive correlation has been strengthened. On the other hand, The Occupancy have 

a positive correlation with EUI (Energy Use Intensity), but after the 

implementation of new progressive tariff system, the positive correlation has been 

reduced. 

 

In this study, two datasets with different unit of analysis were used, which 

means the need for integrated and specific data for the study of residential 

electricity consumption. Comprehensive data, including household electricity 

consumption and socio-economic and built environmental characteristics of the 

household with location information, will allow accurate analysis of various factors 

on residential electricity consumption and the effects of the new electricity tariff 

system. 

 

Keyword : Progressive tariff system, EUI (Energy Use Intensity), Built 

environmental factors, Social economic factors, Interaction term, and Moderate 

effect 
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Chapter 1. Introduction 
 

1.1. Study Background 
Climate change refers to changes in the global climate of the world or local 

climates over time, but recently it has been used to refer to climate change due to 

“global warming”. Global warming has a massive impact on human life and 

ecosystems. Global warming has influenced the melting of the continental glaciers 

in the polar regions, rising sea levels, and increasing extreme phenomenon such as 

heatwaves and heavy rain. This increases the frequency and intensity of natural 

disasters such as flooding, typhoons, and desertification. Increasing global surface 

temperatures have caused frequent typhoons in Southeast Asia and the spread of 

desertification in Africa. Korea has also experienced continuous summer heatwaves 

due to climate change. According to the Korea Meteorological Administration, 

Korea's average heatwave has surged from 4.2 days in 2009 to 31.5 days at the end 

of September 2018. The heatwaves caused by climate change are expected to 

continue every year. 

 

Solutions to climate change can be summarized as mitigation and adaptation. 

Reducing greenhouse gases so that the temperature of the earth no longer rises is 

mitigation and establishing measures to adapt to elevated temperature due to 

greenhouse gases that have already been released and remain in the atmosphere is 

adaptation. To mitigate climate change, energy consumption, including fossil fuels, 

must be curbed, but more people need to be able to use electricity to adapt to the 

changing climate to avoid the heatwaves and make indoor spaces comfortable. 

 

Korea has a progressive tariff system for residential housing in which rates 

increase according to electricity consumption to promote saving electricity and 

protecting the poor. It divides household electricity consumption into several 

blocks and sets the unit price of electricity for each block differently. Specifically, 

households that consume more electricity will be charged a higher unit price while 

households that consume less electricity will be charged a lower unit price. Korea's 

progressive tariff system was first applied due to the oil crisis in 1973 and has 



undergone a total of 22 adjustments. Since 2005, it has been maintaining its six-

block structure for the last 11 years, with the highest block paying 11.7 times the 

lowest block.  

 

However, in the summer of 2016, the long-term heatwave, which was not 

predicted by the Korea Meteorological Administration, increased the number of 

patients with heat illness, and households that used air conditioners all day were 

charged for a large amount of electricity. Eventually, in December 2016, the 

government and KEPCO (Korea Electric Power Corporation) modified the 

progressive tariff system for the purpose of reducing electricity bills. As shown in 

Figure 1-1, the progressive tariff system was changed into a three-block system, 

with the highest block paying triple the amount of the lowest block. Start your 

thesis. 

 

 
 

 

1.2. Purpose of Research 
It has been three and a half years since the modified progressive tariff system 

was implemented, only a few national research have been conducted on the 

modified tariff system using real consumption data. The research considered only 

the characteristics of households, such as the family size, number of children, 

presence of disabled people, and status of basic livelihood security recipient when 

analyzing the impact of the modified tariff system on electricity consumption.  

 

However, there are various factors that affect household electricity 

consumption other than the characteristics of occupants such as number of family 

Figure 1-1. Modification of progressive tariff system 



members and income. Carlo Ratti, Nick Baker, Koen Steemers (2005) stated that 

building energy performance is currently understood as being dependent upon: 

urban geometry, building design, systems efficiency, and occupant behavior.  

 

Figure 1-2. Factors that influence building energy consumption (Carlo Ratti et al, 2005) 

 

As shown in Figure 1-2, various factors affect the building energy 

consumption, and their impact is different. Therefore, the change in electricity 

consumption after the modified tariff system will differ depending on these factors. 

 

The modified tariff system has decisive effect on whether the use more or less 

energy for occupants, but it is because the decision to use energy was influenced by 

the social economic characteristics of the occupants, such as income and age, and 

the living environment characteristic, such as thermal efficiency of building, 

building design, and urban geometry.  

 

Therefore, the aim of this study is to analyze how the new progressive tariff 

system, which reduce the number of blocks and the difference in unit price between 

blocks, had an effect on electricity consumption. Also, it is to analyze how the 

social economic and built environmental characteristics of the neighborhood have 

had an effect on electricity consumption. Then it is to analyze how changes in 

electricity consumption in neighborhood with different social economic condition 

after the implementation of new progressive tariff system. 

 

 

 

 

 

 

 

 



Chapter 2. Literature review 

2.1. Social economic factors and electricity consumption 
As shown in the Table 2-1, according to a study by Rory V. jones et al., the 

social economic factors that affect the electricity consumption of residential 

building can be classified number of occupants, family composition, age, 

employment status, education level, socio-economic classification, tenure type, and 

income.  

 
Table 2-1. Social economic factors and electricity consumption 

Author 
Independent 

variable 

Dependent 

variable 
Finding 

Rory V. jones 

et al. 

 Dwelling 

factors 

 Appliance 

factors 

Electricity 

consumption 

in domestic 

building 

 4 of the socio-economic factors and 

9 of the appliance related factors 

were found to have a significant 

positive effect on electricity use. 

O’Doherty et 

al 

 Income 

 Age 

 period of 

residency 

 Social class 

 Tenure type 

Residential 

electricity 

consumption 

 Explanatory variables that had a 

high significance for electricity 

consumptions: Income, age, period 

of residency, social class and tenure 

type. 

Leahy and 

Lyons 

 Disposable 

income 

 Household 

size 

 Age 

Residential 

electricity 

consumption. 

 Disposable income, household size, 

dwelling age and socio-economic 

group were amongst the variables 

that were shown to influence 

electricity consumption in the 

home. 

Yohanis et al.  Occupant 

 Bedrooms 

 Household 

income 

  Electricity load profiles were 

characterized based on number of 

occupant, number of bedrooms, 

tenure, occupant age, and 

household income.  

 



2.2. Urban form and building electricity consumption 
Building physical factors such as building age, FAR (Floor Area Ratio), BCR 

(Building Coverage Ratio), and number of floors affect building energy 

consumption. As shown in Table 2-2, according to a study by Reid Ewing, Fang 

Rong, compact urban form and smaller, attached housing types will reduce energy 

consumption in both the transportation and residential sectors. In addition, 

household consumption in a compact county is 20 percent less than in a sprawling 

County. 

 

According to a study by Chaosu Li et al., neighborhood density is associated 

with household electricity consumption in summer months, while there is no such 

association in winter months. As neighborhood density increase, households in slab 

and tower apartments in dense urban neighborhoods consume more electricity in 

summer months, which can be partly explained by exacerbated heat island effect. 

In a study by P. Rode et al., heat-energy efficiency of buildings can be achieved 

through high urban densities or taller buildings that allow lower densities at the 

neighborhood scale. Furthermore, according to a study by Yang and Zhang, higher 

density leads to higher energy performance of buildings in the neighborhoods. 

From a study by K. Steemers, increasing urban density leads to increased energy 

consumption in office buildings across the city. 

 

In a study of Bev Wilson's density and electricity usage, the negative 

relationship observed between net density at the subdivision level and summer 

electricity usage. Homes located in subdivisions adjacent to less developed 

properties are associated with higher electricity consumption during the winter. 

According to Edward Ng's research on green area and electricity usage in buildings, 

the amount of tree planning needed to lower pedestrians level air temperature by 

around 1°C is approximately 33% of the urban area. In summary, the higher the 

FAR (Floor Area Ratio), the lower the energy consumption, but the higher the BCR 

(Building Coverage Ratio), the higher the energy consumption. According to a 

study by Y. Ko, J.D. Radke, east–west street orientation, higher green space density, 

and larger vegetation on the east, south, and west sides of dwelling units have 



significant effects in reducing cooling energy use in summer months.  

 

From a study by Vu Thanh Ca et al., the park can reduce by up to 1.5°C the air 

temperature in a busy commercial area 1km downwind. The park can lead to a 

significant decrease of in air conditioning energy in the commercial area. 

According to a study by Sungwon Lee, Bumsoo Lee, centralized population and 

polycentric structures have only a moderate impact. Doubling population-weighted 

density can reduce residential energy consumption by 35%. 

 
Table 2-2. Urban form and building electricity consumption 

Author 
Independent 

variable 

Dependent 

variable 
Finding 

Reid Ewing,  

Fang Rong 

 County 

sprawl index 

Residential 

electricity 

consumption

. 

 Compact urban form and smaller, 

attached housing types will reduce 

energy consumption  

 Household consumption in a 

compact county is 20 percent less 

than in a sprawling County. 

Chaosu Li et 

al. 

 Neighborhood 

density  

 Tree shade 

Residential 

electricity 

consumption 

 A neighborhood density increases 

households in slab and tower 

apartments in dense urban 

neighborhoods consume more 

electricity in summer. 

P. Rode et al.  Urban density Building 

energy 

consumption 

 Heat-energy efficiency of buildings 

can be achieved through high urban 

densities or taller buildings that 

allow lower densities at the 

neighborhood scale. 

Yang and 

Zhang 

 Urban density Building 

energy 

consumption 

 Higher density leads to higher 

energy performance of buildings in 

the neighborhoods. 

K. Steemers  Urban density Office 

energy 

consumption 

 Increasing urban density leads to 

increased energy consumption in 

office buildings across the city. 



Bev Wilson  Net density Residential 

electricity 

consumption

. 

 The negative relationship observed 

between net density at the 

subdivision level and summer 

electricity usage. 

 Homes located in subdivisions 

adjacent to less developed 

properties are associated with 

higher electricity consumption 

during the winter. 

Edward Ng et 

al. 

 Building 

heights 

 Greening 

strategies 

Residential 

electricity 

consumption

. 

 The amount of tree planning 

needed to lower pedestrians level 

air temperature by around 1 C is 

approximately 33% of the urban 

area. 

Y. Ko, J.D. 

Radke 

 Orientation 

 Density  

 Vegetation 

Residential 

cooling 

energy 

consumption 

 East–west street orientation, higher 

green space density, and larger 

vegetation on the east, south, and 

west sides of dwelling units have 

significant effects in reducing 

cooling energy use in summer 

months. 

Vu Thanh Ca 

et al. 

 Ground 

surface 

Residential 

electricity 

consumption

. 

 The park can reduce by up to 1.5

C the air temperature in a busy 

commercial area 1km downwind. 

 The park can lead to a significant 

decrease of in air conditioning 

energy in the commercial area 

Sungwon Lee, 

Bumsoo Lee 

 Centralized 

population 

 Polycentric 

structure 

CO2 

emission 

 Centralized population and 

polycentric structures have only a 

moderate impact. 

 Doubling population-weighted 

density can reduce residential 

energy consumption by 35%. 

 

 



2.3. Progressive tariff system and building energy consumption 
1. Terminology  

The terminology of the tariff system that applies the tariff differently depend 

on the consumption is various as shown in Table 2-3. Atsushi Iimi et al. (2019) 

interchangeably uses the terms Progressive pricing and Increasing block tariff. 

Severin Borenstein (2012) uses Increasing-block pricing and progressivity as a 

spectrum. 

 

In other words, Progressive tariff is a much broader term. Block tariffs are one 

of them, and progressive tariffs usually take the form of increasing block tariffs. 

Therefore, ‘Progressive tariff system’ is used in this paper. 

 
Table 2-3. Terminology of the tariff system 

Author Terminology Source 

Severin Borenstein Increasing-block pricing American Economic 

Journal: Economic Policy, 

2012, Pages 56–90 

Atsushi Iimi, et al. Progressive pricing 

Increasing block tariff 

The World Bank Economic 

Review, 33(2), 2019, Pages 

461–478 

Jeongyoon Oh, et al. Progressive electricity 

tariffs 

Applied Energy, Volume 

202, 15, 2017, Pages 259-

274 

Chuanwang Sun, Boqiang 

Lin 

Rising block tariff structure Energy Policy, Volume 60, 

2013, Pages 741-752 

Peter C. Reiss, Matthew W. 

White 

Nonlinear pricing  

Multi-part tariffs 

The Review of Economic 

Studies, Volume 72, Issue 3, 

2005, Pages 853–883 

Boqiang Lin, Zhujun Jiang Increasing block tariffs 

system 

Energy Policy, Volume 42, 

2012, Pages 164-173 

 

 

 



2. Electricity tariff system and electricity consumption 

The research related to the progressive tariff system so far can be divided into 

before and after the modification of the residential progressive tariff system in 

2016. The studies prior to the modification focused on the current status and 

problem analysis, concentrating on the residential electric tariff system, and 

discussed how to reform the progressive tariff system. There were also studies on 

the improvement of progressive tariff system as shown in Table 2-4. According to a 

study by Dong hyun Shin, Changes in the progressive tariff system that reduce the 

difference in tariffs between the highest and lowest block and reduces the number 

of blocks can lead to electricity savings. This study focused on the analysis of 

progressive system and expected effects, but these studies were scenario analysis.  

 

After the modification of the residential electricity tariff system in 2016, Some 

previous studies have compared and analyzed the effects of the tariff system before 

and after modification (Kim Joon-sun, et al., 2018). However, these studies used 

household statistics survey data from the National Statistical Office, which is the 

amount charged by electricity tariff from their expenditure. This is indirect data, 

which is different from actual electricity consumption. In China, where the 

progressive tariff system was introduced in July 2012, there have been a lot of 

research on new systems. Since the progressive system was first introduced, these 

studies are focused on feedbacks of household electricity consumption and 

acceptance of the new pricing policy. In addition, many studies have been focused 

on changes in electricity consumption after the implementation of new system 

using micro household-level data from CRECS (China’s Residential Energy 

Consumption Survey). 

 

2.4. Research gap 
It has been three and a half years since the modified progressive tariff system 

was implemented, only a few national research have been conducted on the 

modified tariff system using real consumption data. The research considered only 

the characteristics of households, such as the family size, number of children, 

presence of disabled people, and status of basic livelihood security recipient when 



analyzing the impact of the modified tariff system on electricity consumption.  

 

However, there are various factors that affect household electricity 

consumption other than the characteristics of residents such as number of family 

members and income. Carlo Ratti, Nick Baker, Koen Steemers (2005) stated that 

building energy performance is currently understood as being dependent upon: 

urban geometry, building design, systems efficiency, and occupant behavior. 

Therefore, a better understanding of the building energy and its change due to new 

tariff system in urban contexts should control both the social economic variables of 

occupants and the built environmental variables such as the geometry and building 

density.  
Table 2-4. Literature review of progressive tariff system 

Author Source 
Independent 

variables 
Findings 

Kim Joon-

sun, et al. 

Korea 

Association for 

Public 

Management 

(2018) 

 Progressive 

tariff system 

 Income 

The modified residential electricity 

tariff system increased the average 

electricity consumption per household 

and increased the burden on the low-

income household. 

Dong hyun 

Shin et al. 

Korea Energy 

Economic 

Review (2013) 

 Progressive 

tariff system 

 Income 

Changes in the progressive tariff 

system that reduce the difference in 

tariffs between the highest and lowest 

block and reduces the number of blocks 

can lead to electricity savings. 

Zhaohua 

Wang, et al. 

Applied Energy 

(2012) 

 Tiered 

electricity price  

 income 

Middle income earners are the groups 

that are mostly opposed to TEP. Public 

environmental awareness should be 

highlighted for implementation of TEP 

Gang Du et 

al 

Applied Energy 

(2015) 

 Tiered pricing 

for household 

electricity 

 Income 

The households in the third electricity 

price block are more sensitive to those 

in the second block and income is 

positively correlated to electricity 

consumption 

 



Chapter 3. Research question and conceptual 

framework 
 

3.1. Research question  
The main research question for this study is: 

“How did residential electricity consumption change after modification of the 

progressive electricity tariff system in different neighborhood contexts?” 

 

Sub-question 1. How neighborhood contexts influence residential electricity 

consumption? 

Sub-question 2. How electricity consumption changes after the new tariff 

system? 

Sub-question 3. How social economic conditions in neighborhood influence the 

electricity consumption after the new tariff system? 

 

3.2. Conceptual framework  
As shown in figure 3-1. Conceptual Framework, “New progressive electricity 

tariff system” is the independent variable, and the dependent variable is “change of 

electricity consumption”. The new system affects the “Behavior Response”, 

whether there is less or more consumption, and leads to a change in electricity 

consumption. The “Behavior Response” was influenced by two constraint variables, 

Social Economic factors and Built Environmental factors. 

 

The response to the new system has a decisive influence on the socio-

economic factors of electricity consumers. Using income, which is one of the 

socio-economic factors, as an example, occupants maintain their existing usage or 

consume electricity in response to temperature, regardless of changes in the 

electricity tariff system when their income is sufficiently high. Conversely, if the 

electricity consumer's income is not sufficient, their electricity usage will be 

sensitive to changes in the electricity tariff system. 

 



 

3.2. Research hypothesis 
 

Built environmental factors can also influence the behavior of electricity 

consumers. Electricity consumers in urban areas with severe heat islands will try to 

consume much more electricity if the unit price of electricity falls. On the other 

hand, electricity consumers in outlying regions will maintain their existing power 

consumption plans even if the unit price of electricity has fallen. In addition, 

consumers who have the same response to the new tariff system in the same region 

may have different changes in electricity consumption depending on the density 

and age of the buildings. 

 

According to a study by Rory V. Jones, Alba Fuertes, and Kevin J. Lomas 

(2015), which undertook a comprehensive literature review on numerous variables 

affecting residential electricity consumption, there are 62 factors that potentially 

have an effect on residential electricity consumption. This included 13 socio-

economic factors, 12 dwelling factors, and 37 appliance factors. Based on this 

research, Occupancy, the percentage of the elderly population (over 65-year-old), 

and household income were selected as social economic factors. The FAR (Floor 

Area Ratio), BCR (Building Coverage Ratio), and building age were selected as 

variables for built environmental factors. Also, the proportion of green area within 

a 500m radius of the residence was included in the built environmental factor by 

referring to the study of Edward Ng et al. (2012) which argued that tree planning 

Figure 3-1. Conceptual framework 



and city parks lower city air temperature and induce reduction of cooling energy 

use in buildings. 

 

3.3. Research hypotheses 
In December 2016, the progressive electricity tariff system for residential 

electricity was modified to reduce the number of blocks and the difference in rates 

between blocks to reduce the burden for electricity bills, which would have 

affected a change in electricity consumption. Also, the change in electricity 

consumption after the modification would depend on the socio-economic factors of 

the residents and the physical characteristics of the residential environment.  

 

For this, the following research hypotheses were established and verified: 

Hypothesis 1. Socio-economic and physical characteristics of neighborhood 

contexts influence residential electricity consumption 

Hypothesis 2. The implementation of new tariff system increases electricity 

consumption. 

Hypothesis 3. After the implementation of new progressive tariff system, the 

correlation between socio-economic conditions and residential 

electricity consumption is changed. 

 

From the literature review, household income has an influence on residential 

electricity consumption, and various factors such as age, gender, and population 

density have an effect on residential electricity consumption. Built environmental 

characteristics, such as FAR, BCR, Building height, Sprawl index, and net density, 

as well as social-economic factors affect the electricity consumption of residential 

buildings. According to previous research about progressive tariff system, reducing 

the number of blocks has the effect of reducing electricity consumption, while 

reducing the difference in unit price between blocks increases electricity 

consumption.  

 

 

 



Chapter 4. Data and methodology 
 

4.1. study area 
Seoul has an area of 605.2 km2, a population of about 9.7 million and a 

population density of 16,181 people/km2. This is a higher population density than 

Tokyo or New York. The climate of Seoul is halfway between the warm temperate 

climate of the southern regions and the microthermal climate of the northern 

regions, with four clearly distinguished seasons and strong discrepancies in 

temperature and rainfall throughout the year. The annual temperature ranges from -

6 °C to 30 °C, summer is hot and humid, and winter is cold and dry. 

 

4.2. Unit of analysis 
According to a study by W. S Robinson, the correlation between the 

dependent variable and the independent variable varies depending on the unit of 

analysis, as does the statistical significance. Therefore, the unit of study should be 

clearly set according to the purpose and hypothesis of the study. 

 

As mentioned earlier, electricity consumption is influenced by factors of urban 

geometry, building design, system efficiency, and occupant behavior. As shown in 

the Figure4-1, these have different spatial levels; Household < Building < Urban 

geometry. The ideal unit of analysis in the research of electricity consumption is 

Household. It is the smallest unit of analysis available through a survey. 

 
Geometry                 Building                  Household 

 
 

 

 

Figure 4-1. Different spatial levels 



However, the factors of electricity consumption have been studied in various 

fields, and various units of analysis are used depending on the research objectives 

and research hypotheses in each field. The field can be divided into three areas: 

urban planning, building simulation, and energy policy.  

 
Table 4-1. Research on electricity consumption by fields 

Field Author Scale Major interest Source 

Urban 

planning 

Chaosu Li et 

al. 

Census tract  Urban porosity 

 Solar insolation 

intensity 

 NDVI 

Journal of Planning 

Education and 

Research (2019) 

Isabelle 

Larivière, 

Gaëtan 

Lafrance 

Cities   Average inhabitant 

age 

 Urban density 

 Standardized land 

wealth 

Energy Economics 

(1999) 

Heejun Chang, 

G. Hossein 

Parandvash, 

Vivek 

Shandas* 

Census 

block 

 Average building size 

 Building density 

 Building age 

Urban Geography 

(2010) 

Shobhakar 

Dhakal 

cities  Urban population 

 Gross regional 

product 

Energy Policy 

(2009) 

Building 

Simulation  

N. Soares, et 

al. 

Building  Phase change 

materials 

 Thermal energy 

storage systems 

 

Energy and 

Buildings (2013) 

Milorad Bojić, 

Francis Yik 

Building  Thermal insulation 

 Partitions 

Energy and 

Buildings (2005) 

F.W.H. Yik, J. 

Burnett, 

I .Prescott  

Building  Air-conditioning 

systems 

Energy and 

Buildings (2001) 



Energy 

policy 

 

Ashreeta 

Prasanna, et 

al. 

Household  Electricity tariffs Energy Policy 

(2018) 

Thoma F. 

Sanquist,, et 

al. 

Household  lifestyle factors Energy Policy 

(2012) 

Liu Yang, 

Haiyan Yan, 

Joseph C. Lam 

Household  Thermal comfort Applied Energy 

(2014) 

* Evaluation of the role of urban development patterns on water demand 

 

According to previous studies in these fields, as shown in the Table 4-1, first, 

the planning field focuses on the influence of spatial pattern, such as 

geomorphometry, net density, and urban sprawl. Second, the building simulation 

field focuses on the influence of building engineering system and construction 

materials. Lastly, the energy policy field focuses on the influence of human 

behavior, such as electricity tariffs, lifestyle, and thermal comfort.  

 

In the urban planning field, a city or subdivision that can identify spatial 

patterns was used as an analysis unit, and the characteristics of buildings and 

households within the unit were aggregated. According to a study by Chaosu Li et 

al., the aggregated electricity energy consumption data to census tract level would 

provide a continuous surface to evaluate the spatial variations of energy 

consumption intensity across the city.  

 

In the building simulation field, similarly, the building is set as unit of analysis 

and the characteristics of the household in the building are aggregated. In the 

energy policy field, household is set as an analysis unit and individual data of 

household are used.  

This study aims to analyze the changes in electricity consumption after the 

implementation of new progressive tariff system. Also, it is to analyze how the 

social economic and built environmental characteristics of the neighborhood have 

had an effect on electricity consumption. Then it is to analyze how changes in 



electricity consumption with different social economic condition after the 

implementation of new progressive tariff system. 

 

In this study, two different datasets were used for analysis of effect of new 

electricity tariff system, socio-economic factors and built environmental factors on 

EUI (Energy Use Intensity) due to the limitations of data access. Electricity 

consumption of multi-family house complex units was from the Building Energy 

System. This was electricity consumption by parcel, and one parcel had an 

electricity consumption data. That is, the electricity consumption data of the multi-

family house complex unit was the electricity consumption of the entire parcel or 

complex, and the electricity consumption by household in the parcel or complex is 

aggregated. On the other hand, household electricity consumption data was from 

the Household Energy Standing Survey. Although this is individual data for each 

household, there is no location information, so it is not possible to take into account 

the influence of the built environment on electricity consumption, such as green 

space. Therefore, using the two data 'Multi-family house complex' and 'Household', 

the effect of neighborhood contexts on residential electricity consumption was 

analyzed and the changes in residential electricity consumption depends on social 

economic condition after the implementation of new progressive tariff system also 

analyzed . 

 

It is well established that it is incorrect to assume that relationships existing at 

one level of analysis will necessarily demonstrate the same strength at another level. 

The estimates derived from aggregate data are valid only for the particular system 

of observational units employed (W. A. V. Clark and Karen L. Avery, 1976). An 

individual correlation is a correlation in which the statistical object or thing 

described is indivisible. In an ecological correlation the statistical object is a group 

of persons. The ecological correlations cannot validly be used as substitutes for 

individual correlations. While it is theoretically possible for the two to be equal, the 

conditions under which this can happen are far removed from those ordinarily 

encountered in data. From a practical standpoint, therefore, the only reasonable 

assumption is that an ecological correlation is almost certainly not equal to its 

corresponding individual correlation (WS Robinson, 1950). For example, a high 



positive correlation between ratio of over 65-year-old and energy use intensity at 

the multi-family house complex level does not indicate the old people use more 

electricity. The conclusion is limited: complexes high in over 65-year-old are high 

in EUI (Energy Use Intensity). 

 

Therefore, this study analyzed the effect of social economic and built 

environmental factors or Building and room factors in each unit of analysis: multi-

family house complexes and household on changes in EUI (Energy Use Intensity) 

after the implementation of new tariff system. 

 

4.3. Data collection and processing in complex unit 
The data in complex unit was multi-family house complexes with more than 

500 households in Seoul and the period was 107 months from January 2011 to 

November 2019. The dependent variable is EUI (Energy Use Intensity), and the 

independent variable is HDD+CDD (Heating and Cooling Degree Day), 4 

variables in built environmental factors; Building age, FAR (Floor Area Ratio), 

BCR (Building Coverage Ratio), and Green area within 500m radius, and 3 

variables in social economic factors; Occupancy, Ratio of over 65-year-old, and 

Price per area. The units, scale and source of each variable are listed in Table 4-2. 

 

EUI (Energy Use Intensity) was used the electricity consumption data by 

parcel provided by the building energy system, and the HDD (Heating Degree Day) 

and CDD (Cooling Degree Day) was used the data released by the Korea 

Meteorological Administration. In the built environmental factors, Building age, 

FAR (Floor Area Ratio), and BCR (Building Coverage Ratio) were used data from 

the building ledger, and Green area within 500m radius was used location 

information of the Seoul green area provided by Seoul open data. In social 

economic factors Occupancy and Over 65-year-old were used De facto population 

provided by Seoul open data, and Price/area was used data provided by Ministry of 

land, Infrastructure and Transportation.  

 

 
 



Table 4-2. Dependent and Independent variables in complex unit 

Variables Unit Scale Source 

Depen-

dent 

variables 

Monthly electricity use 

intensity 

KWh/ 

total 

floor area 

APT 

complex 

The building energy 

system 

Indepen-

dent 

variables 

Heating and cooling 

degree day (HDD+CDD) 
- City 

Korea Meteorological 

Administration 

Built 

environme

ntal factors 

Building 

age 
- 

APT 

complex 

The building ledger 

(2019) 

FAR % 
APT 

complex 

The building ledger 

(2019) 

BCR % 
APT 

complex 

The building ledger 

(2019) 

Green area 

within 500m 

radius 

% 
APT 

complex 

Seoul open data 

(2016) 

Social 

economic 

factors 

Occupancy 
Person/ 

m² 

Counting 

unit 

De facto population 

(average 2017~2019) 

Over 65-

year-old 
% 

Counting 

unit 

De facto population 

(average 2017~2019) 

Price/area 
10000wo

n/m² 

APT 

complex 

Ministry of land, 

Infrastructure and 

Transportation  

(average 2011~2019) 

1. Electricity Use Intensity 

The dependent variable, monthly EUI (Energy Use Intensity), is a value 

obtained by dividing the total monthly electricity consumption provided by the 

building energy system by the total floor area.  

EUI = Electricity consumption / Total floor area 

The electricity consumption data from the building energy system is the sum 

of the electricity energy used by all of the households in the buildings if there are 

multiple households or buildings in one parcel. Therefore, since the multi-family 

house complexes share a parcel, the electricity consumption is the sum of the 



electricity used by all households in the complex. Since the size of the apartment 

complexes varies, monthly EUI (Energy Use Intensity) was used to compare the 

power consumption of apartments in Seoul. 

 

2. Heating Degree Day and Cooling Degree Day 

As the spread of appliance for heating and cooling a household expands and 

the use of electricity increases accordingly, air temperature is considered a major 

factor affecting electricity consumption. Therefore, in this study, the temperature 

factor was considered by using the data of the HDD (Heating Degree Day) and 

CDD (Cooling Degree Day) published by the Korea Meteorological Administration. 

Heating and cooling degree day is a measurement designed to quantify the demand 

for energy to heat and cool a building. Due to the low temperature in winter, 

heating degree day is high in the month when demand for heating increases, and 

cooling degree day increases in the month when demand for cooling in summer 

increases. In this study, the sum of heating degree day and cooling degree day was 

used. 
Table 4-3. Heating degree day and Cooling degree day 

 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Jan. 25 20.5 21.1 18.7 18.6 20.8 19.4 21.6 18.5 

Feb. 16.3 19.5 19.1 15.6 16.5 17.5 18 19.3 16.6 

Mar. 13.9 12.5 12.3 9.9 11.4 10.6 11 9.4 10.4 

Apr. 6.8 6.6 7.8 4.5 5.5 4.1 4.4 6 6.7 

May. 4.5 1.6 5.7 6.2 4.8 4.4 2 2.8 4.8 

Jun. 3.3 2.9 2.8 2 2.4 2.1 3.9 2.3 2.4 

Jul. 2.3 3.4 2.2 3.6 3.2 3.8 3.5 5.7 3.2 

Aug. 2.7 4.5 4.1 2.6 3.6 6.2 3.8 5.9 4.2 

Sep. 4.8 3.3 3.5 2.3 2.8 2 4.2 3 1.8 

Oct. 4 4.2 4.5 3.5 3.9 4 3.2 5.1 3.4 

Nov. 7.9 12.4 11.6 8.7 8.8 10.8 12.1 9.6 10.1 

Dec. 18.6 22 18 20.6 16.1 16.4 19.8 18.3  

 

 

 



3. Built environmental factors 

The built environmental factors, FAR (Floor Area Ratio), BCR (Building 

Coverage Ratio), and building age are from the building ledger of 2019. In addition, 

the proportion of the green area within a 500m radius of the apartment complex 

was obtained through GIS analysis using the location information of the Seoul 

green area (2016) provided by Seoul open data. The red dot in Figure 4-1 is the 

multi-family house complex, green is the green area of Seoul, and dark green 

indicates the green area within a 500m radius of the multi-family house complex. 

 

Figure 4-2 is a map showing a multi-family house complex and surrounding 

environment in Jingwan-dong, Eunpyeong-gu, Seoul. The yellow dotted line 

indicates the multi-family house complex. The red dotted line is a 500-meter radius 

centered on the latitude and longitude of the multi-family house complex address. 

Green area within a 500-meter radius is the part of the green grid in the picture. 

 

 
Figure 4-2. Map of multi-family houses and green area 

 



 
 

 

4. Social economic factors 

Occupancy and yearly over 65 years old were calculated using de facto 

population data. The de facto population data provides the number of populations 

by gender and age group in each counting unit every hour. There are 19,153 count 

unit of de facto population data in Seoul. The number of administrative dongs in 

Seoul is 467, and the number of parcels is 659,187. Fortunately, the counting unit 

has only one multi-family house complex, which is the unit of this study as shown 

in Figure 4-2. Therefore, the Occupancy was calculated by dividing the total 

number of people at 3 am in the count unit, which are assumed to be residents of 

the apartment, by the total floor area of the multi-family house complex. The ratio 

of over 65 years old was the proportion of the population aged 65 or more from the 

number of residents in the apartments obtained in the same manner. The time range 

of de facto population data is from January 2017, these two variables calculated 

using monthly average values from 2017 to 2019. 

 

Figure 4-3. A multi-family house complex and surrounding environment 



 
Figure 4-4. Map of multi-family houses and count unit of de facto population 

 

The price per area is the proxy variable for income and is based on the 

average value from 2011 to 2019 of the price per unit area provided by the Ministry 

of Land, Infrastructure and Transport. 

 

4.4. Data collection and processing in household unit 
The data in household unit was 85 households in Seoul and the period was 36 

months from January 2015 to December 2017. The dependent variable is EUI 

(Energy Use Intensity), and the independent variables were HDD+CDD (Heating 

and Cooling Degree Day), 4 variables in building and room characteristics; 

Building age, Orientation, Number of bedroom and Number of living room, and 3 

variables in social economic factors; Income, Occupancy, and Ration over 65-year-

old. EUI, building information, and social economic factors were in the Household 

Energy Standing Survey (HESS) form Korean Energy Economics institute. The 

unit, scale, and source of each variable are listed in Table 4-4. 

 

 

 



Table 4-4. Dependent and Independent variables in household unit  

Variables Unit Scale Source 

Depen-

dent 

variables 

Monthly electricity use 

intensity 

KWh/ 

building 

area 

Household 
Household Energy 

Standing Survey 

Indepen

dent 

variables 

Heating and cooling 

degree day (HDD+CDD) 
- City 

Korea Meteorological 

Administration 

Building 

and room 

factors 

Building 

age 
- Household 

Household Energy 

Standing Survey 

Orientation 0 or 1 Household 
Household Energy 

Standing Survey 

Number of 

bedroom 
- Household 

Household Energy 

Standing Survey 

Number of 

living room 
- Household 

Household Energy 

Standing Survey 

Social 

economic 

factors 

Income 1 ~9 Household 
Household Energy 

Standing Survey 

Occupancy 
Person 

/m² 
Household 

Household Energy 

Standing Survey 

Ratio over 

65-year-old 
% Household 

Household Energy 

Standing Survey 

* Orientation: 1 - south, 0 – other 

 

1. Electricity Use Intensity 

The dependent variable, monthly EUI (Energy Use Intensity), is a value 

obtained by dividing the total monthly electricity consumption provided by the 

Household Energy Standing Survey by the building area. The electricity 

consumption data from the Household Energy Standing Survey is the individual 

data. 

EUI = Electricity consumption / Building area 

 

 



2. Heating Degree Day and Cooling Degree Day 

Same as Heating Degree Day and Cooling Degree Day of Complex unit data. 

 

3. Building and room factors 

The four variables in building and room characteristics; Building age, 

Orientation, Number of bedroom and living room were from the Household Energy 

Standing Survey. The orientation variable of the building was set as a dummy 

variable; 1 in the south direction and 0 in the other direction.  

 

4. Social economic factors 

The three variables in social economic factors; Income, Occupancy, Ratio 

over 65-year-old were also from the Household Energy Standing Survey. The 

income represents the annual gross income of household members, it was 

categorized into 9 levels, the first level was less than 12 million won and the 9th 

level is more than 96 million won. 

 

4.5. Statistical model 
ITS (Interrupted Time Series) analysis was used to compare the EUI (Energy 

Use Intensity) of the multi-family house complex before and after the 

implementation of the new progressive tariff system. ITS-PA (Interrupted Time 

Series-Panel) analysis, which integrates ITS (Interrupted Time Series) into Panel 

analysis, was applied to analyze the impact of new progressive tariff system, social 

economic factors, and built environmental factors on EUI (Energy Use Intensity) in 

individual multi-family house complexes. 

 

1. Interrupted Time Series analysis  

a. Brief description of ITS Analysis 

ITS (Interrupted Time Series) analysis is an analytical method for evaluating 

the effectiveness of interventions that have been implemented at a clearly defined 

point in time. Interrupted time series analysis is the strongest and most commonly 

used quasi-experimental design to assess the impact of an intervention when a 

randomized controlled trial is not feasible (Robert B., et al, 2013). This method has 



been applied in a variety of disciplines and was first introduced to the field of 

health services research in 1981 to evaluate the impact of regionalized perinatal 

care(Racquel Jandoc, et al, 2015). The hypothetical scenario under which the 

intervention had not taken place and the trend continues unchanged is referred to as 

the ‘counterfactual’. The counterfactual scenario provides a comparison for the 

evaluation of the impact of the intervention by examining any change occurring in 

the post intervention period. The strengths of ITS (Interrupted Time Series) include 

the ability to control for secular trends in the data (unlike a 2-period before-and-

after t test), evaluate outcomes using population-level data, obtain clear graphical 

presentation of results, easily conduct stratified analyses, and evaluate both 

intended and unintended consequences of interventions(Monica Taljaard, et al., 

2014). 

 

b. Methodological issues 

First, given the serial nature of the design, autocorrelation, non-stationarity, 

and seasonality need to be considered as failing to so such may lead to biased 

results. Second, the number of data points available for analysis and the number of 

observations within each data point are important when using interrupted time 

series analysis. Depending on the minimum effect size and the amount of variation, 

a minimum of nine data points pre-intervention, post-intervention, and when 

applicable, between interventions, and at least 100 observations per data point are 

encouraged. Another caveat when conducting interrupted time series analysis 

relates to possible outcome measure ceiling or floor effects. A clear intervention 

time point helps to identify pre-intervention and post-intervention data points, yet if 

intervention effects are gradual or delayed, then a lag period may be considered. 

 

c. Basic Interrupted Time Series model 

There are four variables in Interrupted Time Series analysis. Those four 

variables are going to denote different things in the model. The equation for the 

Interrupted Time Series model becomes: 



 
 

As shown in Figure 4-4, an intercept term would be the existing level. Beta 0 

is the existing level at the state 0 and time 0. Beta 1 is a coefficient of time variable. 

It represents the existing trend and provides a basic sense of where things were 

headed before intervention. Beta 2 is a coefficient of level variable. It is the first 

variable that measures the impact of the intervention itself and represent the 

changes at intervention. Beta 3 is a coefficient of trend variable. It represents the 

change in trend after the intervention. So, if there is some drop in trend from the 

expected base on the existing trend, beta 3 presents it. Of course, as in any 

regression, there is an error term which allows for points to vary around these 

linear predictions. 

 

 
d. General Linear Process model 

 

The most common model used in time series data with autocorrelation is the 

General Linear Process model. The general linear process model assumes that the 

time series consists of a linear combination of current and past values of Gaussian 

white noise. The general linear process model can be classified into the following 

sub-models according to the coefficient characteristics: MA model, AR model, 

ARMA (Autoregressive Moving Average) model.  

 

 

Figure 4-5. Graph and coefficient of ITS analysis 



2. Panel analysis 

a. Brief description of Panel Analysis 

Panel data allows to control for variables that cannot observe or measure like 

cultural factors of difference in business practices across companies or variables 

that change over time but not across entities. That is, it accounts for individual 

heterogeneity. 

 

Panel data is a combination of cross-sectional data and time series data 

examined at a specific point in time. Therefore, the panel group and time should be 

specified as variables in the panel data. In this study, the total number of data was 

52,323 because 489 apartment complexes were specified as a panel group and the 

monthly electricity consumption data for 107 months from January 2011 to 

November 2019 of the individual apartment complexes was used.  

 

b. Fixed effect model 

Fixed effect model explores the relationship between independent and 

dependent variables within an entity. The fixed effect model assume that those 

time-invariant variables are unique to the individual and should not be correlated 

with other individual characteristics. Each entity is different therefore the entity’s 

error term and the constant should not be correlated with the others. 

 

The equation for the fixed effects model becomes: 

 
 

c. Random effect model 

The rational behind random effects model is that, unlike the fixed effect mode, 

the variation across entities is assumed to be random and uncorrelated with the 

independent variables included in the model. The advantage of random effects is 

that it can include time invariant variable. In the fixed effects model these variables 



are absorbed by the intercept. 

 

The equation for the random effects model becomes:  

 
 

Fixed-effects models derive results by excluding time-invariant variability 

from the model. In other words, only the time-variant variables HDD (Heating 

Degree Day) and CDD (Cooling Degree Day) and building age are included in the 

model. On the other hand, the random effect model derives results by including 

both time-variant variables and time-invariant variables in the model. The random 

effect model can include both time-variant variables, social economic and built 

environmental variables. 

 

Therefore, in this study, both built environmental variables and social 

economic variables, except building age, were time-invariant variables, so the 

random effect model was adopted.  

 

 

 

 

 

 

 

 

 

 

 



Chapter 5. Descriptive statistics 
 

5.1. Descriptive statistics 

1. Complex unit data 

Table 5-1 shows the descriptive statistics for the mean, standard deviation, and 

minimum and maximum values of variables in complex unit. EUI (Energy Use 

Intensity), HDD (Heating Degree Day) and CDD (Cooling Degree Day) are 

monthly variables. The built environment variables and social economic factors 

variables are time-invariant variable except the building age. 

 
Table 5-1. Descriptive statistics for complex unit data (N=443) 

Variables Mean Std Min. Max. 

Monthly electricity use intensity 4.22 5.07 0.001 187.96 

Heating and cooling degree day 7.62 7.55 0 25 

Built 

environme

ntal 

factors 

Building age 16.85 7.65 0 43 

FAR 260.38 84.37 83.84 923.00 

BCR 20.80 7.26 2.00 94.54 

Green area 500m 14.81 16.93 0 73.85 

Social 

economic 

factors 

Occupancy 0.012 0.027 0 0.462 

over 65-year-old 11.89 3.15 5.75 34.70 

Price/area 673.10 322.46 287.46 2843.28 

 

2. Household unit data 

Table 5-2 shows the descriptive statistics for the mean, standard deviation, and 

minimum and maximum values of variables in household unit. EUI (Energy Use 

Intensity), HDD (Heating Degree Day) and CDD (Cooling Degree Day) were 

monthly variables. The built environment variables and social economic factors 

variables were time-invariant variable except the building age. The orientation 

variable of the building was a dummy variable. 



Table 5-2. Descriptive statistics for household unit data (N=85) 

Variables Mean Std Min. Max. 

Monthly electricity use intensity 11.05 8.43 0 152.28 

Heating and cooling degree day 8.48 6.23 2 20.8 

building 

and room 

factors 

Building age 30.12 10.42 7 80 

Orientation - - - - 

No. bedroom 2.92 0.71 1 5 

No. living room 1 0.11 0 2 

Social 

economic 

factors 

Income 5.06 1.78 1 9 

Occupancy 0.13 0.04 0.03 0.28 

Ratio over 65 6.74 18.52 0 100 

 

5.2. Dataset structure 
1. Complex unit data 

Table 5-2 is a dataset for analysis in complex unit. The left-most column is the 

entity of the dataset. In this complex unit analysis, the address of the multi-family 

house complex is the entity. The Year column represents the 107-month period 

from January 2011 to November 2019. Next to it is EUI (Energy Use Intensity) and 

HDD+CDD (Heating and Cooling Degree Day).  

 

There are three variables related to new progressive tariff systme. First is the 

time variable, which is simply an increment that counts up from 1 to 107 over the 

entire period. It allows us to model the existing trend. Second is a level variable 

indicating the pre-intervention period (coded 0) and the post-intervention period 

(coded 1). The level is an immediate shift upwards or downwards. Last is trend, a 

shift over time, which is zero before the policy change and then incrementally 

increases in the same manner as the time variable does, but afterward. It increases 

from 1 to 35, because there were 35 time points afterwards.  

 

Next to there are social economic variables and built environmental variables, 

all of which are the same within an entity as time-invariant variables, except for the 

building age. The Table 5-2. is a dataset for one multi-family house complex. The 



remaining 442 apartment datasets have been added below in the same format. 

Entity, Year, EUI (Energy Use Intensity), and Policy columns are data for ITS 

(Interrupted Time Series) analysis, and the entire data set, including social 

economic and built environmental columns, is for ITS-Panel analysis. 

 

2. Household unit data 

Table 5-3 was a dataset for analysis in household unit. The left-most column is 

the entity of the dataset. In this household unit analysis, the ID of household was 

the entity. The Year column represents the 36-month period from January 2015 to 

November 2017. Next to it is EUI (Energy Use Intensity) and HDD+CDD (Heating 

and Cooling Degree Day).  

 

There were the three variables related to new progressive tariff system same 

as the complex unit data. Next to there were social economic variables and building 

and room characteristics variables, all of which were the same within an entity as 

time-invariant variables, except for the building age. The Table 5-3. was a dataset 

for one household. The remaining 84 household added below in the same format.  
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5.3. visualization of temporal variation  

1. EUI in complex unit 

Figure 5-1 shows the total monthly electricity use intensity of 443 multi-

family house complexes. Through December 2016(vertical dotted line), which is 

the modification of the tariff system, the overall trend decreased. However, after 

that, the trend disappeared and the distribution of points spread. In addition, 

electricity consumption has a trend that clearly peaks in the summer season. Those 

points are undoubtedly related to each other. This is problematic because the points 

are not independent from one another. 

Figure 5-1. Total monthly EUI in complex 

 

As shown in Figure 5-2, which separates trend and seasonality from the 

electricity consumption graph, clearly shows such trend of consumption and 

seasonality. Total electricity consumption has been decreasing until the December 

of 2016 but has increased since 2017 and has declined again since mid-2018. 

Seasonality of electricity consumption, which consumes a lot of electricity every 

summer and winter is clear, and it can be seen that the electricity consumption in 

summer increases every year. The seasonality has a problem of autocorrelation. 

Autocorrelation is a relationship in data points over time. This means that the data 

are not independent from one another. In particular, the points are correlated over 

time with the time series. The problem with autocorrelation is that it violates the 

assumptions of the linear regression and failing to account for autocorrelation, non-

stationary, and seasonality may lead to biased results. 

 



Figure 5-2. Trend and seasonality of the EUI in complex 

 

2. EUI in household unit 

Figure 5-3 shows the total monthly electricity use intensity of 85 household. 

The EUI shows a seasonality that increases every summer, but there is no trend of 

EUI changes before and after modification of the tariff system. As shown in Figure 

5-4, which separates trend and seasonality from the electricity consumption graph, 

the seasonality graph shows a peak every summer, and the trend graph shows a u-

shape through December 2016(vertical dotted line), which is the modification of 

the tariff system 

Figure 5-3. Total monthly EUI in household 



Figure 5-4. Trend and seasonality of the EUI in household 

3. Map of EUI in complex unit 

Figure 5-3 is a map showing the EUI (Energy Use Intensity) of each multi-

family house complex. The average of EUI (Energy Use Intensity) is 4.22, and the 

high EUI (Energy Use Intensity) is Hagye-dong, Nowon-gu: 90.25, Geoyeo-dong, 

Songpa-gu: 40.15, Seobinggo-dong, Yongsan-gu: 31.45.  

 
 

 

 

Figure 5-5. EUI of multi-family house complex 



Figure 5-4 is a map showing the building age of each multi-family house 

complex. The average building age of each multi-family house complex was 16.85 

years, and complexes older than 30 years were found in Apgujeong-dong and 

Daechi-dong. Figure 5-5 is a map showing the FAR (Floor Area Ratio) of each 

multi-family house complex. The average of FAR (Floor Area Ratio) was 260.38, 

and the complexes with more than 600 FAR (Floor Area Ratio) were in Dogok-

dong, Seocho-gu, Seocho-dong, and Mok-dong, Yangcheon-gu. Figure 5-6 is a map 

showing the BCR (Building Coverage Ratio) of each multi-family house complex. 

The average BCR (Building Coverage Ratio) was 20.80, and the complexes with 

more than 50 BCR (Building Coverage Ratio) were in Iwon-dong, Yongsan-gu, and 

Ilwon-dong, Gangnam-gu, Sindorim-dong, Guro-gu.  

 

Figure 5-7 is a map showing the percentage of green area within 500 meters of 

each multi-family house complex. The average green area ratio was 17.61 percent, 

and the green area ratio of multi-family house complexes located in Nowon-gu and 

Yangcheon-gu was high. Figure 5-8 is a map showing the price per area of each 

multi-family house complex. The average price per area was 6.73 million won. As 

everyone knows, the prices per area of Gangnam-gu, Seocho-gu, and Songpa-gu 

were the highest.Figure 5-9 is a map showing the proportion of elderly people over 

65 in each complex. The average of the proportion of elderly people was 11.89 

percent, and the proportion of older people in Gwangjin-gu, Dongdaemun-gu, and 

Seongbuk-gu is high.Figure 5-10 is a map showing the population of each 

apartment complex. The average number of people living in each complex was 

789.32, and the number of people living in Myeongil-dong, Gangdong-gu, Mok-

dong, Yangcheon-gu, and Jingwan-dong, Eunpyeong-gu was large. In statistical 

analysis the occupancy was used by dividing the population by total floor area. 

Occupancy had high complexes in Hagye-dong, Nowon-gu, Mok-dong in 

Yangcheon-gu, and Myeongil-dong in Gangdong-gu. 

 



  
  

  
  

  
  

 

 

  

 

 

 

Figure 5-6. Building age Figure 5-10. Price per area 

Figure 5-11. Ratio of over 65 year old Figure 5-7. FAR 

Figure 5-8. BCR Figure 5-12. Population 

Figure 5-9. Green area with in 500m 
radius 



Chapter 6. Statistical Analysis with ITS model 
 

6.1. ARMA model 
The ARMA (Autoregressive Moving Average) modeling goes through 

stationary, model specification, and diagnoses processes. Since the electricity 

consumption is a non-stationary process, the residuals of the OLS (Ordinary Least 

Squares) are used to create stationary values as shown in Figure 6-1 and the model 

and coefficient were determined using ACF (Autocorrelation Function) and PACF 

(Partial Autocorrelation Function) as shown in Figure 6-2. 

 

Figure 6-1. Residuals of the OLS 

Figure 6-2. ACF and PACF 

 



6.2. ARMA model analysis 

According to the results of ACF (Autocorrelation Function) and PACF (Partial 

Autocorrelation Function), ARMA (12,0) model was used and the results are 

shown in Table 6-1. The coefficients of time, level, and trend are -374.88, 3118.02, 

540.95 and each p-value is less than 0.005, except level. 

 
Table 6-1. Result of ITS for the total monthly electricity consumption 

Variables Coefficients Std. Error P-value Significant 

(Intercept) 217393.40 2096.703 0.0000 *** 

Time -374.88 50.169 0.0000 *** 

Level 3118.02 3417.756 0.3637 - 

Trend 540.95 146.787 0.0004 *** 

 

The red graph in Figure 6-3 shows the ARMA (Autoregressive Moving 

Average) model for the total electricity use intensity of 443 multi-family house 

complexes. The electricity use intensity before the new progressive tariff system 

was reduced by 374.8 per month and after the change, the electricity use intensity 

increased by 540.95 per month. Therefore, it was confirmed that the new 

progressive tariff system increased the electricity use intensity of multi-family 

house complexes. 

 

 

 

 

Figure 6-3. Result of ITS for the total electricity consumption 



6.3. ARMA model analysis for each complex 

The ARMA (Autoregressive Moving Average) model was applied to each of 

the 443 multi-family house complexes, and the coefficients of time, level, trend 

from each model are shown in the Table 6-2. The 417 complexes decreased before 

the implementation of new progressive tariff system, and then increased after the 

intervention as the two graphs on the right in Figure 6-3. The 15 complexes showed 

a decreasing trend both before and after the implementation as the two graphs on 

the left in Figure 6-3. 

 

Since the implementation of the new progressive tariff system, changes in 

electricity consumption differed for each multi-family house complex. This 

difference may be due to differences in the built environmental factors and social 

economic factors of each multi-family house complexes. 
 

Table 6-2. Coefficients of the 443 multi-family house complexes 

No. 
Location 

(Entity) 

Coefficients 

Intercept Time Level Trend 

1   102 1057259.4*** -3180.3*** 40084.4** 2459.4*** 

2   17 449324.9*** -1061.4*** 16347.7** 1261.7*** 

3   19 1199253.8*** -2476.2*** 48846.3*** 1552.5** 

. . . . . . . . . . . . . . . . . . 

431   44 580130*** -798.9*** 14744.8** 651.3** 

432   28 417002.7*** -879.3*** 23549.7*** 781.7*** 

433   13 1057259.4*** -3180.3*** 40084.4*** 2459.4*** 

Significant codes: 0.01 '***' 0.05 '**' 0.1 '* 

 



 

6.4. Findings from the explorative analysis 

Since the implementation of the new progressive tariff system, the total 

electricity use intensity of 443 multi-family house complexes has increased. Total 

electricity use intensity showed a decreasing trend before the implementation but 

changed to an increasing trend after the implementation new progressive tariff 

system. The trend of electricity consumption changed before and after the 

implementation of the new progressive tariff system for each multi-family house 

complexes was different for each complex. 

 

The electricity use intensity of 417 complexes decreased before the 

implementation of new progressive tariff system, and then increased after the 

intervention. On the other hand, the electricity use intensity of 15 complexes 

showed a decreasing trend even after the implementation. 

Figure 6-4. Changes of electricity consumption before and after the intervention



Chapter 7. Statistical analysis with Panel model 

7.1. Panel analysis in complex unit 

Panel analysis was performed using complex unit data and household unit 

data for Sub-question 1: How neighborhood contexts influence residential 

electricity consumption. 

 

Both fixed effect and random effect models were used, and since all variables 

except for the building age were time-invariance variables, a random model was 

adopted. To eliminate seasonality, seasonal dummy variables from February to 

December were included. 

 
Table 7-1. Result of panel analysis in complex unit 

Variables Estimate Std. Error P-value Significant 

(Intercept) 0.8897200 0.3.1828  0.002706 *** 

HDD+CDD 0.0404671 0.014060  0.013615 *** 

Built environmental variables 

Building age 0.0036288 0.02.3829 0.127796  

FAR 0.0021212 0.0023946 <2.2e-16 *** 

BCR -0.0081078 0.0277290 0.003456 *** 

Green area within 500m 0.0057162 0.0009686 3.609e-09 *** 

Social economic variables 

Price per area 0.0010317 0.0000588 <2.2e-16 *** 

Occupancy 0.0161460 0.5857400 <2.2e-16 *** 

Ratio over 65-year-old 0.0010317 0.0032391 6.2070e-07 *** 

Significant codes: 0.01 '***' 0.05 '**' 0.1 '* 

 

In complex unit data, as shown in the table 7-1, FAR and green area were 

positive correlation with EUI (Energy Use Intensity), while building age was 

insignificant with EUI (Energy Use Intensity). The price per area, Occupancy and 

Ratio over 65-year-old of social economic variables all showed a positive 

correlation with EUI. 



7.2. Panel analysis in household unit 

In household unit data, as shown in the table 7-2, building age was positive 

correlation with EUI (Energy Use Intensity), unlike complex unit data. The 

Orientation, Number of bedroom, and number of living room all represented a 

negative correlation with EUI (Energy Use Intensity). That is, the east facing 

building used less electrical energy than the other building and the larger the 

number of bedrooms and living rooms, the smaller the EUI (Energy Use Intensity). 

The income was negative correlation with EUI (Energy Use Intensity), while the 

Occupancy and the ratio over 65-year-old were positive correlation with EUI 

(Energy Use Intensity).  

 
Table 7-2. Result of analysis in household unit 

Variables Estimate Std. Error P-value Significant 

(Intercept) 0.8897200 41.79600 5.209e-10 *** 

HDD+CDD 0.0404671 2.03034 0.794732  

building and room characteristics variables 

Building age 0.877535 0.123038 <2.2e-16  

Orientation -1.871009 0.307109 <2.2e-16 *** 

Number of bedroom -0.674388 0.272483 9.958e-05 *** 

Number of living room -35.153891 1.261022 <2.2e-16 *** 

Social economic variables 

Income -0.415954 1.17729 0.007338 *** 

Occupancy 30.141404 2.05487 4.103e-05 *** 

Ratio over 65-year-old 3.025282 2.93873 9.182e-15 *** 

Significant codes: 0.01 '***' 0.05 '**' 0.1 '* 

 

Among social economic variables, occupancy and ratio over 65-year-old 

showed positive correlation with EUI (Energy Use Intensity) in both complex unit 

and household unit data. However, the price per area used as a proxy variable for 

income in the complex unit showed a positive correlation with the EUI (Energy 

Use Intensity), while the income of the household unit showed a negative 

correlation with the EUI (Energy Use Intensity). 



Chapter 8. Comprehensive statistical analysis with 

ITS-PA model 
 

8.1. Integration of ITS into panel analysis 

ITS (Interrupted Time Series) analysis was used to compare the EUI (Energy 

Use Intensity) of the multi-family house complex before and after the 

implementation of the new progressive tariff system. The trend of EUI (Energy Use 

Intensity) was different for each complex after the implementation of the new 

progressive tariff system. ITS-PA (Interrupted Time Series-Panel) analysis, which 

integrates ITS (Interrupted Time Series) into Panel analysis, was applied to answer 

the sub-question 2: How electricity consumption changes after the new tariff 

system? and sub-question 3: How social economic conditions influence the 

electricity consumption after the new tariff system?.  

 

8.2. Analysis of ITS-Panel in complex unit 

In ITS-PA (Interrupted Time Series-Panel), Time, Level, and Trend variables 

describe the effect on the EUI (Energy Use Intensity) of the new progressive tariff 

system. The built environmental variables: building age, FAR (Floor Area Ratio), 

BCR (Building Coverage Ratio), and Green area ratio, describe the effect on EUI 

(Energy Use Intensity) of urban form. The social economic variables: Occupancy, 

Over 65-year-old, and price per area, describe the effect on EUI (Energy Use 

Intensity) of social economic factors. Both fixed effect and random effect models 

were used, and since all variables except for the building age were time-invariance 

variables, a random model was adopted. To eliminate seasonality, seasonal dummy 

variables from February to December were included. 

  

In complex unit data, as shown in the table 8-1, Time was a negative and 

Trend was a positive correlation with EUI (Energy Use Intensity). That is, EUI 

(Energy Use Intensity) was decreasing until before the new electricity tariff system 

was implemented, but EUI (Energy Use Intensity) increased after the 

implementation.  



In complex unit data, HDD+CDD (Heating and Cooling Degree Day), 

building age, FAR (Floor Area Ratio), Green area within 500m, all represented 

positive correlation with EUI (Energy Use Intensity) except BCR (Building 

Coverage Ratio). That is, the EUI (Energy Use Intensity) has increased since the 

implementation of the new progressive tariff system, and the larger the HDD+CDD 

(Heating and Cooling Degree Day) the greater the EUI (Energy Use Intensity). As 

for the built environmental variables, EUI (Energy Use Intensity) was high in the 

old building complex, the high FAR (Floor Area Ratio) complex, and the high 

green area ratio with 500m complex. 

 

Among the interaction terms, as shown in table 8-1, only Orientation x Trend 

and Ratio over 65-year-old x Trend showed statistically significant correlation. 

Orientation x Trend showed a negative correlation with Energy Use Intensity (EUI), 

while Ratio over 65-year-old x Trend showed a positive correlation with Energy 

Use Intensity (EUI). 

 

In ITS-PA (Interrupted Time Series-Panel), Time, Level, and Trend variables 

describe the effect on the EUI (Energy Use Intensity) of the new progressive tariff 

system, and the social economic variables: Occupancy, elderly people ratio, and 

price per area, describe the effect on EUI (Energy Use Intensity) of social 

economic factors. In addition, by adding interaction terms between socio-economic 

variables and trend variables, the moderating effects of the new progressive tariff 

system and the social economic factors was analyzed. For easier and more intuitive 

interpretation, seven social economic and built environmental variables were made 

into dummy variables (below mean = 0, above mean = 1) to create interaction 

terms. 

 

In complex unit data, among the interaction terms, only Orientation x Trend 

and Ratio over 65-year-old x Trend showed statistically significant correlation. 

Orientation x Trend showed a negative correlation with Energy Use Intensity (EUI), 

while Ratio over 65-year-old x Trend showed a positive correlation with Energy 

Use Intensity (EUI).  

 



Table 8-1. Result of ITS-PA model in complex unit 

Variables Estimate Std. Error P-value Significant 

(Intercept) 0.88972 50.61783 4.324e-06 *** 

HDD+CDD 0.040467 0.014086 0.0418507 *** 

New tariff system 

Time -0.0072906 0.004148 0.0140001 *** 

Level 0.051215 0.197400 0.5723323  

Trend 0.012437 0.010903 0.0100905 *** 

Built environmental variables 

Building age 0.0036288 0.002368 0.0641469  

FAR 0.0021212 0.000238 <2.2e-16 *** 

BCR -0.0081078 0.002756 0.001264 *** 

Green area within 500m 0.0057162 0.000962 4.340e-10 *** 

Social economic variables 

Price per area 0.0010317 0.000068 <2.2e-16 *** 

Occupancy 0.0161460 0.594080 <2.2e-16 *** 

Ratio over 65-year-old 0.0010317 0.003455 0.062209 *** 

Interaction terms     

Price per area x Trend 0.0025349 0.003075 0.9821380  

Occupancy x Trend -0.0733270 0.0031213 <2.2e-16 *** 

Ratio over 65-year-old x 

Trend 
0.0273970 0.0028891 <2.2e-16 *** 

Significant codes: 0.01 '***' 0.05 '**' 0.1 '* 

 

As a result of ITS-panel analysis in complex unit, Occupancy represented 

positive correlation with EUI (Energy Use Intensity) while the interaction term of 

Occupancy x Trend was negative correlation with EUI (Energy Use Intensity). On 

the other hand, Ratio over 65-yeear-old showed positive correlation with EUI 

(Energy Use Intensity) and the interaction term of the ratio over 65-year-old x 

Trend was also positive correlation with EUI (Energy Use Intensity).  

 Variables with both positive coefficient of the variable and interaction term 

with Trend was ratio of over 65-year-old. In other words, the ratio over 65-year-old 



variable have a positive correlation with EUI (Energy Use Intensity), and after the 

implementation of new progressive tariff system, the positive correlation has been 

strengthened as the value of this variable is higher than the average as shown in 

Figure 8-1. 

 

On the other hand, variable with positive coefficient of the variable and 

negative coefficient of the interaction term with Trend was Occupancy. In other 

words, the Occupancy have a positive correlation with EUI (Energy Use Intensity), 

but after the implementation of new progressive tariff system, the positive 

correlation has been reduced as the value of this variable is higher than the average 

as shown in Figure 8-1. 
 

 
 

 

8.3. Analysis of ITS-Panel in household unit 

In household unit data, as shown in the table 8-2, Time and Trend were all 

insignificant correlation with EUI (Energy Use Intensity). In household unit data, 

the EUI (Energy Use Intensity) was 36 months data, which met the minimum 

number of data for ITS-Panel analysis, but failed to account for changes in EUI 

before and after the implementation of the new electricity bill policy. 

Figure 8-1. Coefficient of social economic variables and interaction terms 



Table 8-2. Result of ITS-PA model in household unit 

Variables Estimate Std. Error P-value Significant 

(Intercept) 43.010078 3.5061063 <2.2e-16 *** 

HDD+CDD 0.0417009 0.1436131 0.7715334  

New tariff system 

Time 0.030396 0.0942069 0.7469588  

Level 0.145938 0.9569456 0.8787897  

Trend 0.062937 0.0872176 0.4705354  

building and room characteristics variables 

Building age 0.883727 0.1147727 1.363e-14 *** 

Orientation -1.763138 0.3005203 4.439e-09 *** 

Number of bedroom -0.691459 0.2070395 0.0008386 *** 

Number of living room -34.570057 1.1950533 <2.2e-16 *** 

Social economic variables 

Income -0.443025 0.08233345 7.416e-08 *** 

Occupancy 35.280158 0.0654093 1.514e-05 *** 

Ratio over 65-year-old 0.0300424 0.0068543 1.170e-05 *** 

Interaction terms     

Income x Trend 0.049529 0.0641759 0.4402470  

Occupancy x Trend -0.0282998 0.0654093 1.514e-05 *** 

Ratio over 65-year-old x 

Trend 
2.76303 0.1436131 0.8787897  

Significant codes: 0.01 '***' 0.05 '**' 0.1 '* 

 

In household unit data, as shown in the table 8-2, building age was positive 

correlation with EUI (Energy Use Intensity), unlike complex unit data. The 

Orientation, Number of bedroom, and number of living room all represented a 

negative correlation with EUI (Energy Use Intensity). That is, the east facing 

building used less electrical energy than the other building and the larger the 

number of bedrooms and living rooms, the smaller the EUI (Energy Use Intensity). 

The income was negative correlation with EUI (Energy Use Intensity), while the 

Occupancy and the ratio over 65-year-old were positive correlation with EUI 

(Energy Use Intensity).  



Among social economic variables, occupancy and ratio over 65-year-old 

showed positive correlation with EUI (Energy Use Intensity) in both complex unit 

and household unit data. However, the price per area used as a proxy variable for 

income in the complex unit showed a positive correlation with the EUI (Energy 

Use Intensity), while the income of the household unit showed a negative 

correlation with the EUI (Energy Use Intensity). 

 

In the analysis of household unit data, it was not possible to analyze an 

interaction term of social economic variables and the Trend because the trend 

showed statistically insignificant results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 9. Discussion 
 

In this study, two different datasets were used for analysis of effect of new 

electricity tariff system, socio-economic factors and built environmental factors on 

EUI (Energy Use Intensity) due to the limitations of data access. The data of 

apartment complex unit has a monthly electricity consumption data of 107 months 

for 443 apartment complexes in Seoul. In apartment complex unit data, social 

economic variables were aggregated data used. The household unit data is from the 

Household Energy Standing Survey from Korean Energy Economics institute, 

which has a monthly electricity consumption of 36 months for 85 households in 

Seoul. In household unit data, social economic variables were individual data. 

Using the data of complex unit could be considered built environmental factors, but 

the analysis on EUI of social economic factors was insufficient because it was 

aggregated data. On the other hand, using the data of household unit could 

accurately analyze the correlation between social economic factors and EUI, but it 

was difficult to consider built environmental factors. Because there is no location 

information. 

 

To answering the first sub research question panel analysis used. In the result 

of panel analysis using both complex and household unit data, the coefficients of 

social economic factors were different. Among social economic variables, 

occupancy and ratio over 65-year-old showed positive correlation with EUI 

(Energy Use Intensity) in both complex unit and household unit data. However, the 

price per area used as a proxy variable for income in the complex unit showed a 

positive correlation with the EUI (Energy Use Intensity), while the income of the 

household unit showed a negative correlation with the EUI (Energy Use Intensity). 

 

 In complex unit data, FAR and green area were positive correlation with EUI 

(Energy Use Intensity), while building age was insignificant. In household unit data, 

building age was positive correlation with EUI (Energy Use Intensity), unlike 

complex unit data. The Orientation, Number of bedroom, and number of living 

room all represented a negative correlation with EUI (Energy Use Intensity). That 



is, the east facing building used less electrical energy than the other building and 

the larger the number of bedrooms and living rooms, the smaller the EUI (Energy 

Use Intensity).  

 

ITS-Panel analysis, which integrates Interrupted Time Series into Panel 

analysis, was used to analyze changes in electricity consumption after the 

implementation of the new tariff system. In the result of ITS-Panel analysis using 

both complex and household unit data, the coefficient of Trend was different. In the 

analysis of complex unit data, the trend showed a positive correlation with the EUI, 

but the trend variable in the household unit data was insignificant. That is, after the 

implementation of new tariff system, the EUI in complex unit data increased, but 

the EUI in household unit data was independent of the new tariff system. 

 

By adding interaction terms between socio-economic variables and trend 

variables, the moderating effects of the new progressive tariff system and the social 

economic factors was analyzed. In complex unit data, among the interaction terms, 

only Orientation x Trend and Ratio over 65-year-old x Trend showed statistically 

significant correlation. Occupancy represented positive correlation with EUI 

(Energy Use Intensity) while the interaction term of Occupancy x Trend was 

negative correlation with EUI (Energy Use Intensity). On the other hand, Ratio 

over 65-yeear-old showed positive correlation with EUI (Energy Use Intensity) and 

the interaction term of the ratio over 65-year-old x Trend was also positive 

correlation with EUI (Energy Use Intensity).  

 Variables with both positive coefficient of the variable and interaction term 

with Trend was ratio of over 65-year-old. In other words, the ratio over 65-year-old 

variable have a positive correlation with EUI (Energy Use Intensity), and after the 

implementation of new progressive tariff system, the positive correlation has been 

strengthened. On the other hand, variable with positive coefficient of the variable 

and negative coefficient of the interaction term with Trend was Occupancy. In other 

words, the Occupancy have a positive correlation with EUI (Energy Use Intensity), 

but after the implementation of new progressive tariff system, the positive 

correlation has been reduced. 



Chapter 10. Conclusion 
 

10.1. Summary of the study 

In December 2016, the government and KEPCO (Korea Electric Power 

Corporation) modified the progressive tariff system for the purpose of reducing 

electricity bills. The progressive tariff system was changed into a three-block 

system, with the highest block paying triple the amount of the lowest block. The 

research related to the progressive tariff system so far can be divided into before 

and after the modification of the residential progressive tariff system. The studies 

prior to the modification were scenario analysis. After the modification of the 

residential electricity tariff system, the studies used household statistics survey data 

from the National Statistical Office, which is indirect data. There were a few 

national studies have been conducted on the modified tariff system using real 

consumption data. The research considered only the characteristics of households, 

such as the family size, number of children, presence of disabled people, and status 

of basic livelihood security recipient when analyzing the impact of the modified 

tariff system on electricity consumption.  

 

However, the household electricity consumption was influenced by various 

factors: urban geometry, building design, systems efficiency, and occupant 

behavior. Therefore, a better understanding of the building electricity consumption 

and its change due to new progressive tariff system in urban contexts should 

control both the social economic variables of occupants and the built 

environmental variables such as the geometry and building density. Therefore, the 

aim of this study is to analyze; 1)How the social economic and built environmental 

characteristics of the neighborhood have had an effect on electricity consumption, 

2) How the new progressive tariff system had an effect on electricity consumption, 

3) How changes in electricity consumption in neighborhood with different social 

economic condition after the implementation of new progressive tariff system. 

 

In this study, two different datasets were used for analysis of effect of new 

electricity tariff system, socio-economic factors and built environmental factors on 



EUI (Energy Use Intensity) due to the limitations of data access. Electricity 

consumption of multi-family house complex units was from the Building Energy 

System. This was electricity consumption by parcel, and one parcel had an 

electricity consumption data. That is, the electricity consumption data of the multi-

family house complex unit was the electricity consumption of the entire parcel or 

complex, and the electricity consumption by household in the parcel or complex is 

aggregated. On the other hand, household electricity consumption data was from 

the Household Energy Standing Survey. Although this is individual data for each 

household, there is no location information, so it is not possible to take into account 

the influence of the built environment on electricity consumption, such as green 

space. Therefore, using the two data 'Multi-family house complex' and 'Household', 

the effect of neighborhood contexts on residential electricity consumption was 

analyzed and the changes in residential electricity consumption depends on social 

economic condition after the implementation of new progressive tariff system also 

analyzed . 

 

The dependent variable in complex unit data was EUI (Energy Use 

Intensity=Total electricity consumption/Total floor area), and in household unit 

data was EUI (Energy Use Intensity=Household electricity consumption/house 

area). The independent variable was HDD+CDD (Heating and Cooling Degree 

Day), 4 variables in built environmental factor and 3 variables in social economic 

factor. In complex unit data: Building age, FAR (Floor Area Ratio), BCR (Building 

Coverage Ratio), Green area within 500m radius, Price per area, Occupancy, and 

Ratio of over 65-year-old. In household unit data: Building age, Orientation, 

Number of bedroom, Number of living room, Income, Occupancy, and Ration over 

65-year-old.  

 

To answering the first sub research question panel analysis used. In the result 

of panel analysis using both complex and household unit data, the coefficients of 

social economic factors were different. In both results, Occupancy and ratio of 

elderly people showed positive correlation with EUI, but price per area and income 

showed different correlation. ITS-Panel analysis, which integrates Interrupted Time 

Series into Panel analysis, was used to analyze changes in electricity consumption 



after the implementation of the new tariff system. In the result of ITS-Panel 

analysis using both complex and household unit data, the coefficient of Trend was 

different. In the analysis of complex unit data, the trend showed a positive 

correlation with the EUI, but the trend variable in the household unit data was 

insignificant. That is, after the implementation of new tariff system, the EUI in 

complex unit data increased, but the EUI in household unit data was independent of 

the new tariff system. 

 

In complex unit data, among the interaction terms, only Orientation x Trend 

and Ratio over 65-year-old x Trend showed statistically significant correlation. The 

ratio over 65-year-old variable have a positive correlation with EUI (Energy Use 

Intensity), and after the implementation of new progressive tariff system, the 

positive correlation has been strengthened. On the other hand, The Occupancy have 

a positive correlation with EUI (Energy Use Intensity), but after the 

implementation of new progressive tariff system, the positive correlation has been 

reduced. 

 

10.2. Implication for energy policy and urban planning 

In this study, actual electricity consumption data was used to analyze the 

effects of factors affecting residential electricity consumption. For analysis, two 

data sets were used: electricity consumption in complex units and electricity 

consumption in household units. Using the electricity consumption of the complex, 

it was possible to analyze the effect of density such as FAR and BCR and the ratio 

of green space around it on the electricity consumption. In addition, after the 

implementation of the new electricity tariff system, it was possible to analyze the 

change in electricity consumption and the change according to socio-economic 

factors. However, the socio-economic variables of the complex units were 

aggregated variables, and it was insufficient to explain the effect of individual 

household characteristics on electricity consumption. To supplement this, the 

household dataset with individual household characteristics and electricity 

consumption data was further analyzed. 

 



In this study, two datasets with different unit of analysis were used, which 

means the need for integrated and specific data for the study of residential 

electricity consumption. Comprehensive data, including household electricity 

consumption and socio-economic and built environmental characteristics of the 

household with location information, will allow accurate analysis of various factors 

on residential electricity consumption and the effects of the new electricity tariff 

system.  

 

10.3. Limitation 

The limitation of this study was that integrated household data was not 

available. The analysis using the electricity consumption of the complex, the socio-

economic characteristics of household units could not be explained. On the other 

hand, in the analysis using household electricity consumption data, it was not 

possible to explain the effect of building density and environmental characteristics 

on electricity consumption. In the future, if integrated data on residential electricity 

consumption will be available, the same methodology can be used to analyze the 

integrated impact of the effects of the socio-economic and built environmental 

characteristics and the effects of implementing new electricity tariffs. 

 

In addition, from a practical standpoint, the only reasonable assumption is that 

an ecological correlation is almost certainly not equal to its corresponding 

individual correlation (WS Robinson, 1950). Therefore, a high positive correlation 

between ratio of over 65-year-old and energy use intensity at the multi-family 

house complex level does not indicate household consisting of the elderly people or 

the old person use more electricity. The conclusion is limited: complexes high in 

over 65-year-old are high in EUI (Energy Use Intensity). 

 

Finally, the external validity of this study was still limited as it focuses on a 

single city in a single climate zone. In addition, future studies could include various 

urban form variables that measure urban porosity, wind circulation, and solar 

insolation.  
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