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Abstract
While energy consumption affects many different areas, it is also affected by many 
different factors. Therefore, policies aiming to reduce energy consumption gain a 
multidimensional feature. Income level and education play an important role in the 
success of these policies. Because as the income and education levels of individu-
als increase, the success rate of policies aiming to reduce energy consumption is 
higher. In this way, while energy consumption is reduced or used more efficiently, 
environmental problems are prevented. In this study, the effects of average schooling 
rate and income level on energy consumption in residences were investigated. For 
this purpose, the panel data analysis was used within the scope of the annual data of 
19 OECD member countries for the 1990–2019 period. As a result of the analysis, a 
cointegration relationship was detected between the variables and long-term coeffi-
cients and error correction coefficient and short-term coefficients were obtained with 
the Augmented Mean Group (AMG) estimator. The findings show that the long-
term average schooling rate has a negative effect on energy consumption in house-
holds, but income level has a positive effect on a panel basis. On the other hand, it 
was also found that the error correction mechanism works and that the income level 
has a positive effect on the energy consumption in the households in the short term, 
but the average schooling rate does not have a significant effect on the energy con-
sumption in the households in the short term.
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Introduction

The term “household” refers to an economic unit that lives together in the same 
house or any part of the same house, whether they are related by blood or not, 
and does not separate income and expenses between individuals. Similar to other 
economic units, households also make various expenditures a large part of which 
consists of consumption expenditures. The most important factor determining 
consumption expenditures is the level of income (Tutar & Kuşçu, 2020). Energy 
resources, which have the characteristics of intermediate goods, are compulsory 
consumption goods included in the expenditure items for households for the con-
tinuation of economic activities. However, the economic conjuncture and the 
structure show the energy demand of the household as a determining factor to a 
large extent (Koç, 2021). Energy consumption, which comes to the forefront with 
its household consumption and social characteristics, has important economic 
characteristics with its contribution to economic growth. As well as the fact that 
energy consumption is effective on economic growth by creating an intermedi-
ate input to economic processes, economic growth is also a factor that affects the 
amount of energy consumption. The incomes of businesses and households at the 
micro level and the incomes of the countries at the macro level affect the energy 
consumption of these actors directly.

Households can purchase a variety of appliances with high energy consump-
tion as they reach higher income levels in OECD member countries. This causes 
households to consume more energy in OECD countries. However, the economic 
development levels of countries or regions and the living standards of individ-
uals affect the relationship between economic growth and energy consumption 
directly. Per capita energy consumption is relatively higher in developed coun-
tries, such as OECD countries, where households have higher living standards, 
but per capita energy consumption in these countries does not vary much in terms 
of quantity. Considering these effects, energy consumption gains the characteris-
tic of a socio-economic concept (Ersoy, 2010). In OECD countries, information 
on sectoral energy consumption is given in Fig. 1 and Table 1.

Sectoral Energy Consumption in OECD Countries

Fig. 1  The trend of sectoral energy consumption in OECD countries (PJ, 1990–2019)
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When the information in Fig. 1 is investigated, it is seen that the highest energy 
consumption was recorded in the transportation, industry, and housing sectors, 
respectively, in the 1990–2019 period in all OECD countries. It is also seen that 
the energy consumption in the houses, which includes the energy consumption of 
the households, and the energy consumption used in the industry follow a parallel 
progression.

The information given in Table  1 shows that the energy consumption is close 
to 20% of the total energy consumption in the residential sector. The fact that the 
energy consumption share in the industrial sector is 23.4% shows that the amount of 
energy consumed in the housing sector is too large to be ignored. At this point, the 
housing sector comes to the forefront of reducing energy consumption, especially in 
energy-dependent countries, because it is easier to implement consumption-reducing 
practices such as efficient use of energy and energy savings in the housing sector 
compared to industry and transportation sectors in the short term.

Table  2 shows the distribution of total energy consumed in houses in OECD 
countries in the period 1990–2019 according to energy resources. When the infor-
mation in the table is investigated, it is seen that the most consumed energy source 
in houses is natural gas, followed by electrical energy. Considering that some of this 
electrical energy is also obtained from natural gas, the natural gas source comes to 
the forefront in policies aimed at reducing energy consumption in residences.

The income levels of individuals, the climate characteristics of the place they live 
in, and the amount and type of energy resources owned by the country differ among 
countries, but all of them have effects on energy consumption in households. Also, 
the training individuals receive, avoiding unnecessary energy use, preferring energy 
efficiency/energy saving products, reducing energy consumption by being aware of 
environmental degradation, and raising awareness have all impacts on the energy 
consumption of households. In this respect, the effects of education level on energy 
consumption in residences become important.

In developed countries, increases in education levels contribute more to energy-
saving policies (Zarnikau, 2003). Education is also among the main tools of the pol-
icies performed to prevent environmental degradation because of energy consump-
tion, especially the consumption of fossil energy sources (Aytun, 2014).

The progress of the educational levels of the countries contributes to economic 
growth, and economic growth, in turn, contributes to the increase of the educa-
tional opportunities of the individuals by eliminating poverty. On the other hand, the 
increase in income levels in this economic growth process may require more energy 
consumption. For this reason, education, economic growth, and energy consumption 

Table 1  Shares of sectoral energy consumption in OECD countries (TJ, 1990–2020)

Source: Created by the authors with IEA, 2022 data

Sectors Industry Transportation Residential Commercial 
and public

Other

Total 1,092,468 1,500,276 908,746.4 571,244.4 585,373.2
Shares in total (%) 23.45 32.20 19.51 12.26 12.56
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are becoming closely related concepts, especially in developing countries (Inglesi-
Lotz & Corral Morales, 2017). The fact that education affects economic growth and 
economic growth affects energy consumption, in turn, uses education as a means 
of economic growth and shows that it is effective on energy consumption (Ben 
Abdelkarim et al., 2014).

Especially with industrialization, household energy consumption has become 
widespread and has reached a significant level, and its share in total energy con-
sumption is gradually increasing (Ding et  al., 2017). In this respect, household 
energy consumption is an important issue for countries. Household energy consump-
tion may also vary depending on the characteristics of family structures (Huebner, 
2016). In this study, although income and education level factors that are thought 
to be effective in household energy consumption were examined, the number of 
household members, the ages of the individuals, whether the place of residence is 
rural or urban, household ownership, and the use of technologies such as internet in 
households factors also affect household energy consumption. These factors show 
that household energy consumption has not only economic features but also social 
and cultural features.

Energy consumption is affected by different factors in economic and social terms, 
and it is both a macroeconomic and microeconomic variable that also affects many 
other factors. Based on an economic and social perspective, energy consumption is 
affected by various factors as a macroeconomic and microeconomic variable that 
also affects many other factors. Some of these factors that affect energy consumption 
are the size of the residential area in square meters, the number of rooms, having a 
garage, increase in the monthly income of the household, increase in the number of 
people living in the household, presence of a second house of the household, and 
having internet connection. Also, it is already known that the presence of electronic 
devices such as mobile phones, computers, game consoles, deep freezers, wash-
ing machines, dishwashers, and LCD televisions in the household has an increas-
ing effect on the electricity consumption of households. One of the most important 
factors affecting household energy consumption is technological devices, because, 
thanks to innovations, technological development is achieved and the technological 
equipment of houses also changes in this direction. The construction of houses and 
the electrical household appliances and equipment used are renewed with techno-
logical developments. In this way, energy efficiency in residences is increased and 
less energy is consumed. The fact that energy consumption is associated with many 
fields causes energy policies to be performed to reduce consumption to gain a multi-
dimensional characteristic. However, one of the most important policies in this mul-
tivariate structure is education-based policies. Income levels play important roles in 
the success of these policies. Because as the income levels of individuals increase 
and the development levels of countries increase, the success rate of policies aiming 
to reduce energy consumption becomes higher.

In this respect, the factors that affect the energy consumption of the households 
in the houses were investigated in the present study. The average schooling rate 
was used in the present study as one of the explanatory variables in terms of rep-
resenting the level of education and being one of the human development indica-
tors. Income level, which is considered a determining factor in energy consumption, 
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was also used as the other explanatory variable. In this context, the purpose of the 
present study was to examine the relationships between the average schooling rates 
and income levels, and energy consumption in houses. As well as the analysis of the 
relationship between income levels and energy consumption, which is widely used 
in the literature, it is expected that the study will contribute to the literature data 
in terms of considering energy consumption at the scale of the housing sector and 
including the effects of schooling.

To this end, firstly, the findings of empirical studies discussing the relationship 
between income levels and education indicators, and energy consumption were 
included in the present study. Then, the dataset and method used in the analysis were 
introduced, and the findings were presented and interpreted.

Literature Review

Household energy consumption is an important indicator in terms of determining 
the amount of energy consumption in the energy policies of countries and providing 
energy savings by using energy more efficiently. Because when the sectoral energy 
consumption amounts of OECD countries are investigated, it is seen that the energy 
consumption of the households ranks 3rd after the transportation and industry sec-
tors, following a similar and parallel course to the industrial sector energy consump-
tion. This shows that energy consumption is at significant levels in houses. For this 
reason, energy consumption in houses and income levels and education indicators 
that are closely associated with this subject are discussed by researchers with vari-
ous methods and are the subject of different research. Examples of studies conducted 
on this subject are given below.

When the national literature was reviewed, Kar and Kınık (2008), who conducted 
a study on sectoral energy consumption and economic growth in Turkey with the 
data of the 1975–2005 period, used cointegration, error correction, and causality 
analysis. The findings obtained as a result of the Granger causality test showed that 
there are unidirectional causality relationships from total electricity consumption to 
economic growth, unidirectional from industrial sector electricity consumption to 
economic growth, and bidirectional causality relationships between household elec-
tricity consumption and economic growth. Aytaç (2010) investigated the causality 
relationship between energy and economic growth for the 1975–2006 period in Tur-
key with Granger causality and multivariate vector autoregression (VAR) models. 
As a result, it was concluded that there was unidirectional causality running from 
energy consumption to labor force and from economic growth to capital. Şahbaz 
and Yanar (2013), on the other hand, investigated the relationship between secto-
ral energy consumption and economic growth in Turkey with annual data for the 
1970–2010 period and Toda-Yamamoto causality analysis. As a result of their study, 
although a one-way causality relationship was found from the economic growth 
to the energy consumption of the agricultural sector and the conversion sector, no 
causality relationship was detected between the energy consumption of the indus-
trial sector and the energy consumption of the housing sector and economic growth. 
Özcan et al. (2013) analyzed the factors that affect the choice of energy consumption 
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in households in Turkey with a multi-logit model. The findings show that house-
hold income, age of the household chief, working status, education of the household 
chief, being urban or rural, household type, and number of rooms affect household 
energy choice.

Gövdere and Can (2015) investigated the relationship between economic growth 
and energy consumption with the help of the Engle-Granger cointegration test and 
dynamic least squares method for the 1970–2014 period and reported that a 1% 
increase in energy consumption increases economic growth by 0.429% in the long 
run. They also found that a 1% increase in energy consumption increases economic 
growth by 0.599% in the short term. As a result, it was reported that the effect of 
energy consumption on economic growth was more. Arı et al. (2016) investigated 
the variables that affect the electricity consumption of households in Turkey with 
an ordered logit model. It was found in the findings that the types and quantities 
of electrically powered products, household size, income, housing type, and char-
acteristics were important factors in increasing the electricity consumption of 
households. Çağlar et  al. (2017) investigated the effects of changes in the amount 
of energy consumption per capita in the Turkish economy for the 1960–2014 period 
on real national income per capita with Zivot and Andrews (1992) structural break 
unit root test, Gregory and Hansen (1996) structural break cointegration test, DOLS, 
FMOLS, and CCR methods. As a result, they determined a cointegration between 
energy consumption and national income. Usta and Berber (2017), who investigated 
the relationships between sectoral energy consumption and economic growth, used 
Toda-Yamamoto causality analysis by considering the 1970–2012 period. As a result 
of their analysis, although bidirectional causality relations were determined between 
the energy consumption of the transportation sector and the industrial sector and 
economic growth, no causal relationship was detected between the energy consump-
tion of the agricultural sector and household sector and economic growth. Dineri 
and Çayır (2020) tested the impacts of energy consumption and human capital on 
economic growth for the EU-15 and Turkey with the AMG estimator under cross-
sectional dependence. As a result of their analysis, they reported that the increase 
in energy consumption and capital stock increased economic growth. They also 
reported that the effect of the human capital variable on economic growth was posi-
tive, but no significant relationship was detected. Turna and Ceylan (2022) analyzed 
the effects of the changes in physical capital, human capital, and energy consump-
tion factors on GDP in Turkey for the years 1965–2014 with the NARDL method. 
As a result, they reported an asymmetry relationship between physical capital and 
GDP in the long run and the short run. On the other hand, only a long-term asym-
metry relationship was detected between energy consumption and GDP. When the 
relationship between human capital and GDP was investigated, no asymmetrical 
relationships were detected between the variables. Arı (2022) investigated the effects 
of income inequalities on energy consumption in Turkey between 1989 and 2018 
with the Bayer and Hanck (2013) cointegration test. According to his findings, no 
long-term relationships were detected between income inequality and energy con-
sumption. The study also investigated the causality relationship between the vari-
ables with the Hacker and Hatemi test (2010) and found no causality relationships 
between income inequality and energy consumption. Arif et  al. (2023) discussed 
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urban electricity consumption patterns on a household basis with a questionnaire 
approach. According to their results, lifestyle, income levels, and awareness of 
energy-saving concepts affected electricity consumption patterns. Their findings 
also showed that the number of family members had no significant effects on house-
hold energy use when compared to income. Also, geographical conditions such as 
green areas and land use were physical factors that affected energy consumption.

When the international literature on energy consumption and economic growth 
was reviewed, it was found that there are many studies conducted on this subject. 
Among these, Dumitrescu and Hurlin (2012) found a unidirectional causality rela-
tionship from economic growth to energy consumption and physical capital stock, 
and from human capital to economic growth, as a result of the panel Granger cau-
sality test. Tewathia (2014) used a multivariate regression model to determine the 
variables that affect the monthly and seasonal average electricity consumption of 
households living in Delhi, India. The results showed a direct relationship between 
the average electricity consumption of the household and their monthly income, the 
number of people in the household, the number of electrical devices, and the size of 
the household’s usage area, and an opposite relationship with the education level of 
the chief of the household. Fan et al. (2015) used a multivariate regression model 
for households and various sectors in China and reported a significant relationship 
between monthly electricity consumption and the real price of electricity, climate 
conditions, and holidays.

Bernard and Kenneth (2016) found a positive relationship between total energy 
consumption and economic growth in Nigeria. In the sector-based analysis, they 
also found that the amount of energy consumed in the industry and transportation 
sectors and residences had positive effects on economic growth. Fang and Chang 
(2016), on the other hand, in their study conducted on 16 Asia Pacific countries, 
concluded that energy consumption and physical capital are much more effective 
growth determinants for the region in general. In their study on the characteris-
tics of urban household electrical energy consumption in Indonesia, Batih et al. 
(2016) found that amplifiers, television sets, refrigerators, and air conditioning 
units were the devices that had the highest potential for saving energy. Chang, 
Fang, and Hamori (2017) analyzed the relationship between energy consumption, 
human capital, and economic growth in ASEAN-5 countries. A long-term rela-
tionship was determined between 1965 and 2011 in the regression analysis and 
Johansen cointegration analysis. On the other hand, Ilesanmi and Tewari (2017) 
investigated the relationship between energy consumption, human capital invest-
ments, and economic growth in South Africa in the 1990–2015 period with error 
correction model. In the findings, they also determined that there is cointegration 
between the variables along with a bidirectional causality relationship between 
economic growth and energy consumption in the long run, and there was a one-
way causality relationship between economic growth and energy consumption to 
social and economic infrastructure investments. Inglesi-Lotz and Corral Morales 
(2017) conducted a panel data analysis that covered 21 countries with 1980–2001 
period data to investigate the relationship between secondary school enrollment 
levels to represent the energy consumption and education variable. They aimed 
to determine how the relations between these variables changed according to 



1 3

Journal of the Knowledge Economy 

the development levels of the countries by choosing 10 of the developed coun-
tries and 11 of the developing countries in the study. As a result of their analy-
sis, they found a significant long-term relationship between the cointegration test 
and energy consumption and education. Also, according to their findings, energy 
consumption increased with increasing education levels in developing countries, 
and energy consumption decreased with increasing education levels in developed 
countries. As a result of the causality test, it was found that there is a one-way 
causality relationship from the education variable to the energy consumption. 
Matthew et al. (2018) found that human capital development was not associated 
with economic growth in Nigeria for the 1981–2016 period, but electricity con-
sumption was associated with economic growth.

Ballı, Sizege, and Manga (2018) investigated the relationship between energy 
consumption and economic growth for the Commonwealth of Independent States 
by using the 1992–2013 period data and found a two-way causality relationship 
between energy consumption and economic growth, and that when energy con-
sumption increased, economic growth also increased. Chen and Fang (2018) 
investigated the relationship between economic growth, industrial energy con-
sumption, and human capital in a study conducted on 210 cities in China between 
2003 and 2012 and revealed that industrial energy consumption had a greater 
effect on economic growth than physical and human capital. It was determined 
that human capital supports economic growth more in the east of the country, 
and energy consumption contributed more to growth in the western and cen-
tral regions of the country. They also found that the causality relationship in the 
three major regions of China was from economic growth to energy consump-
tion. Regarding the period 1996–2013 in China, Dong and Hao (2018) examined 
income inequalities between rural areas and cities with a dynamic panel approach 
and reported that income inequalities reduced electricity consumption. Çalmaşur 
and Inan (2018) investigated the factors that affect household electricity con-
sumption in Turkey and how these factors affect electricity consumption. In their 
study, they used the partial proportional betting model (PPOM) and calculated 
post-estimation marginal effects. As a result, they reported that monthly income, 
number of people living in the house, housing characteristics, and technological 
devices had significant effects on electricity consumption.

Fatima et  al. (2019) investigated the relationship between renewable energy 
production, total energy use, human capital, and economic performance variables 
for the long and short term in Pakistan for the 1990–2016 period and reported a 
causal relationship between total energy use, renewable energy production, human 
capital, and economic growth. They also found that there was a causal relationship 
between human capital to renewable energy production, from renewable energy 
production and from human capital to total energy use. Yao et  al. (2019) inves-
tigated the effects of human capital on energy consumption for the 1965–2014 
period for OECD countries and reported that standard deviation reduces energy 
consumption by 15.36% and human capital created positive externalities for the 
environment. Bashir (2019) investigated the relationship between human capital, 
energy consumption,  CO2 emissions, and economic growth variables in Indo-
nesia and reported a direct causal relationship between human capital, energy 
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consumption, and per capita income to  CO2 emissions. Rahman and Velayutham 
(2020) investigated the relationship between energy consumption and renew-
able energy consumption and economic growth in five South Asian countries 
and found that both energy consumption indicators affected economic growth 
positively. The causality test results showed the existence of a causal relationship 
between economic growth to renewable energy consumption. Yılmaz and Cowley 
(2022) investigated the relationship between energy consumption and economic 
growth and found that GDP and trade openness affected electricity consumption 
positively in both the long and short run. Awaworyi Churchill et al. (2023) inves-
tigated the relationship between human capital and energy consumption in the UK 
and reported a negative relationship between total human capital and energy con-
sumption in the long run. Uslu (2018) investigated the relationship between eco-
nomic growth and energy consumption in 21 developing countries by using the 
1990–2014 period data and found that there was a two-way causality and cointe-
gration relationship between economic growth and energy consumption. They also 
found that when energy consumption increased by 1%, economic growth increased 
by 1.13%, and when economic growth increased by 1%, per capita energy con-
sumption increased by 0.45% in these countries. Koç (2020) investigated the 
effects of sectoral energy consumption on economic growth between 2010 and 
2016 in 132 countries by using panel data analysis. As a result of his analysis, a 
positive relationship was reported between energy use in transportation, industry, 
agriculture, and services sector and economic growth. In his study investigating 
the relationship between energy consumption and economic growth, Mete (2021) 
used the data of the G7 countries for the 1993–2018 period. It was determined in 
the study in which economic growth, energy consumption, greenhouse gas emis-
sions, and trade openness values were included in the analysis that energy con-
sumption, trade openness, greenhouse gas emissions, and economic growth were 
cointegrated according to the results of the cointegration analysis. Also, accord-
ing to the analyses made for the estimation of the long-term relationship, it was 
found that the independent variables affected energy consumption in the long run. 
Finally, it was determined that trade openness was statistically insignificant, and 
the increase in greenhouse gas emissions and economic growth increased energy 
consumption. To find the factors affecting household energy consumption and 
investigate the relationship between these factors in China, Guo et al. (2023) inte-
grated internet behaviors into the structural equation model, based on the data of 
the Chinese household energy consumption questionnaire. According to the find-
ings of their study, increasing the frequency of internet use reduced the positive 
effects of income on household energy consumption to some extent.

Dataset

The average schooling rates, GDP, and total energy consumption data in residences 
were discussed in the present study, in which the effects of schooling rates and 
income levels on energy consumption in residences (households) were investigated. 
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A panel data analysis was performed with the annual data of 19 OECD countries1 
for the 1990–2019 period in the study. All variables were included in the analysis by 
taking their natural logarithms. The explanations and summary statistics of the vari-
ables are given in Table 3.

The average schooling rate makes up the education indicator, which is one of the 
three main components of the Human Development Index (i.e., education, health, 
and income). The average schooling rate calculated by the United Nations Develop-
ment Program (UNDP) represents the average year in which individuals who are 
aged 25 and over receive education (UNDP, 2022). Housing sector energy consump-
tion refers to the energy consumption of households other than the energy consump-
tion in transportation (IEA, 2022). The income level variable consists of fixed prices 
and GDP in dollars.

A balanced panel dataset that consisted of 570 observations was examined 
in the study. The basic statistics of the dataset are given in Table 3. When this 
table information is evaluated, it is seen that the lowest value of the average 
schooling rate is 4.5 years, the highest value is 14.15 years, and the average is 
10.68 years for the panel. When the income level data are evaluated, it is seen 
that the lowest value is approximately 106 billion dollars, the highest value is 
approximately 11 trillion dollars, and the average for the panel, in general, is 
approximately 2 trillion dollars. It was determined based on the basic statistics 
of total energy consumption in residences that the lowest value was 16.599 PJ, 
the highest value was 11,137.29 PJ, and the average for the overall panel was 
1393.729 PJ.

Table 3  Explanations of variables and summary statistics

1 It includes household consumption, excluding fuels used for transportation. In total residential energy 
consumption, households cover various energy consumptions such as coal and coal products, crude oil, 
liquefied natural gas, petroleum products, natural gas, energy provided by nuclear power plants, renew-
able and waste energy, electrical energy, and heat energy
2 1 GWh = 0.0036 PJ

Variable names Description Data source Mean St. Dev Min Max

TECR Total energy 
consumption 
in  residences1 
(petajoule (PJ)2)

IEA (2022) 1393.729 2293.64 167.599 11,374.29

ASR Average enroll-
ment rate 
(years)

UNDP (2022) 10.689 2.060 4.528 14.151

GDP GDP at constant 
prices

World Bank 
(2022)

1.94e + 12 3.28e + 12 1.06e + 11 1.99e + 13

1 Australia, Austria, Belgium, Canada, Czech Republic, Denmark, France, Germany, Italy, Japan, South 
Korea, Mexico, Netherlands, Spain, Sweden, Switzerland Turkey, UK, USA.
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Method and Analysis Results

In the present study, the relationships between the variables were investigated by 
using the panel data analysis method. The econometric model that was created with 
the average schooling rate (ASR) as a social factor to explain the total energy con-
sumption in residences (TECR) and the GDP variables to express the income level 
as an economic factor is given below.

In Eq. 1, “i” represents cross-section units, “t” represents the time dimension, and 
“uit” refers to the error term.

Unit root tests should be used to examine the stationarity of the variables in panel 
data analysis, which also includes time series characteristics. However, to decide on 
the unit root test to be applied, cross-section dependency and homogeneity research 
should be done. The LM and CDLM tests were used in the present study to examine 
cross-sectional dependence, and the Swamy S test was used for homogeneity.

With the effect of especially globalization, foreign trade, etc., countries started 
to establish more relations with each other, and other countries became affected by 
a macroeconomic shock that occurred in one country. Considering this, deviant and 
inconsistent findings can be obtained as a result of the analyses made without first 
investigating whether there is a cross-sectional dependence (Menyah et  al., 2014; 
Mercan, 2014). One of the tests that examine cross-sectional dependence is the 
Lagrange multiplier (LM) test which was developed by Breusch and Pagan (1980). 
This test is used when the cross-sectional dimension N is smaller than the time 
dimension T (Yerdelen Tatoğlu, 2018). Equation 2 shows the test statistics for this 
test.

In the equation above, “ ̂�  ” refers to the correlation between residues, “T” shows 
the time dimension, and “N” denotes the cross-section dimension. The null hypothe-
sis of the test is “H0: There is no relationship between horizontal sections” (Pesaran, 
2004; Güloğlu Ivrendi, 2010).

Another test that examines the cross-sectional dependence is the CDLM test. This 
test, which was created by Pesaran (2004), is an improved version of the LM test 
and is used when T is greater than N. The null hypothesis of this test is established 
as “H0: There is no relationship between horizontal sections” (Pesaran, 2004). The 
expression of the test is included in Eq. 3.

In previous studies that were conducted by using the panel data analysis method, 
if heterogeneous slope coefficients are assumed to be homogeneous and analyses 
are performed in this way, country-specific differences are also overlooked. For this 
reason, it is necessary to determine the homogeneity of slope parameters before unit 

(1)TECRit = �
0
+ �

1
ASRit + �

2
GDPit + uit

(2)LM = T
∑N−1

i=1

∑N

j=i+1
�̂2
ij

(3)LM =

√

1

N(N − 1)
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i=1

∑N

j=i+1

(

T �̂2
ij
− 1
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root tests (Aytun & Akın, 2014). Also, if the heterogeneity is not taken into account 
in the model, results with deviations from the estimations can be obtained (Swamy, 
1970). The information obtained from the homogeneity test also enables the deter-
mination of which cointegration and estimation methods will be used. The main 
hypothesis of the S test used to examine homogeneity is that the parameters are 
homogeneous. The test statistics of this test are included in Eq. 4 (Yerdelen Tatoğlu, 
2017).

In the equation above, “ ̂�  i” denotes the EKK estimators obtained from the 
regressions for the sections, “ � *” refers to the weighted fixed effects estimator, and 
“ ̂V  i” is the variance difference between the estimators.

Table 4 shows the results of the LM and  CDLM cross-section dependency tests 
and Swamy S homogeneity tests, which are preferred because of the T (30) > N (19) 
in the dataset used.

When the information given in Table 4 is evaluated, it is seen that the probabil-
ity values are less than 0.05. In this case, null hypotheses stating that there is no 
cross-sectional dependence and that the parameters are homogeneous are rejected, 
and it is decided that all variables contain cross-sectional dependence and are not 
homogeneous.

It was decided to apply the second-generation unit root tests because the dataset 
was T > N in the study and the variables included cross-sectional dependence. Also, 
considering the heterogeneity of the variables, a stationarity study was performed 
with the PANICCA panel unit root test, which is a second-generation test and also 
allows heterogeneity. The PANICCA unit root test that was developed by Reese 
and Westerlund (2016) is based on common factor modeling. According to the null 
hypothesis of the test, the series does not contain unit roots (Reese & Westerlund, 
2016).

Before the unit root test was applied, a graphic analysis of the variables was made 
(the graphs of the variables are given in the Appendix). As a result of the graphic 
analysis, it was determined that the variables had a trendy structure. For this reason, 
especially the results of the trended models were taken into account in the unit root 
test results. The PANICCA panel unit root test is used in a balanced panel dataset. 

(4)Ŝ = X2

k(N−1)
=
∑N

i=1

(

�̂i − � ∗

)

�V̂i − 1(�̂i − � ∗)

Table 4  Cross-section dependency and homogeneity tests of variables

* indicates significant at 1% level

Testler TECR ASR GDP

Cross-section dependency tests LM Test İstatistiği
(Prob)

1226.85*
(0.000)

4240.57*
(0.000)

4682.17*
(0.000)

CDLM 57.09*
(0.000)

220.05*
(0.000)

243.93*
(0.000)

Homogeneity test S test Chi2(9)
(Prob >  chi2)

23,087.8*
(0.000)

1609*
(0.000)

25,621.9*
(0.000)
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For this reason, the observation loss of the variables after the difference-taking pro-
cess was taken into account, and the difference stability was investigated by provid-
ing a balanced panel dataset. Also, when the difference stationarity was examined, 
the differences were realized with models with stationarity constant because the 
trended structures of the variables were lost after the difference-taking process. The 
results of the panel unit root test are given in Table 5.

When the PANICCA panel unit root test results are interpreted, firstly, the stabil-
ity of the residues is investigated, provided that the common factor is stationary. 
In light of this, when the stationarity results for the level values are investigated, it 
is seen that the common factor of the TECR variable is stationary in the fixed and 
trend models, but the residual stationarity cannot be achieved. For this reason, it is 
decided that the level value of the TECR variable is not stationary. It was determined 
that the common factor of the ASR variable was stationary in the fixed model; it was 
not stationary in the fixed and trended model and was not stationary in the level 
values of its residuals. It was also understood that the GDP variable is not stationary 
in terms of both common factor and residual stationarity in the level value. For this 

Table 5  PANICCA panel unit root test

* and ** expressions represent statistical significance at the 1% and 5% levels, respectively. Values in paren-
theses represent probability values. The lag length was determined using the AIC information criterion

Test İstatistikleri TECR ASR GDP

I(0) Constant Common factor ADF  − 4.785*
(0.000)

 − 5.421*
(0.000)

 − 0.871
(0.342)

Constant and trend  − 5.406*
(0.000)

2.138
(0.994)

 − 1.567
(0.108)

Constant Pa 0.432
(0.667)

 − 4.948*
(0.000)

 − 0.511
(0.304)

Constant and trend  − 0.051
(0.479)

 − 0.710
(0.238)

0.829
(0.796)

Constant Pb 0.522
(0.699)

 − 2.761
(0.002)

 − 0.518
(0.302)

Constant and trend  − 0.051
(0.479)

0.646
(0.259)

0.972
(0.834)

Constant PMSB 1.143
(0.873)

 − 1.648**
(0.049)

0.180
(0.571)

Constant and trend  − 0.011
(0.495)

 − 0.573
(0.283)

1.142
(0.873)

I(1) Constant Common factor ADF  − 4.940*
(0.000)

 − 4.443*
(0.000)

 − 5.220*
(0.000)

Pa  − 50.662*
(0.000)

 − 13.883*
(0.000)

 − 2.459*
(0.007)

Pb  − 10.397*
(0.000)

 − 4.794*
(0.000)

 − 1.482*
(0.006)

PMSB  − 1.605**
(0.054)

 − 1.638*
(0.050)

 − 0.870
(0.192)
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reason, the first differences of all 3 variables were taken and their stationarities were 
investigated again. According to the findings, it was determined that all variables 
were both common factors and residuals difference stationary. As a result, the study 
continued with cointegration analyses because all three variables were difference 
stationary and were stationary at the same level.

Before the cointegration analysis was performed, cross-sectional dependence and 
homogeneity tests of the model were performed to decide which cointegration test 
to use. The results are presented in Table 6.

For the model in which the cointegration relationship was investigated, the null 
hypotheses were rejected according to the cross-sectional dependence and homoge-
neity test results, and it was decided that there was heterogeneity and cross-sectional 
dependence. Based on these results, the analyses of Pedroni (1999, 2004), Wester-
lund (2007), and Gengenbach, Urbain, and Westerlund (2016) cointegration tests, 
which are the second-generation cointegration tests and take heterogeneity into 
account, continued.

The differences from the averages of the variables are taken (with the demeaning 
process) in the second-generation Pedroni cointegration test, thus making it resistant 
to cross-section dependence. Also, the null hypothesis of this test, which provides 
different results for homogeneous and heterogeneous panels, states that there is no 
cointegration relationship (Yerdelen Tatoğlu, 2017).

Westerlund’s (2007) panel cointegration test consists of 4 panel cointegration 
tests, which are based on the error correction model. Among these tests, Pt and Pa 
statistics show the cointegration relationship based on the panel, and the cointegra-
tion relationship based on units can be tested with the Gt and Ga statistics (West-
erlund, 2007). It is recommended in this test, which can also be used under hetero-
geneity, to use bootstrap probability values and these resistive probability values in 
case of cross-sectional dependence (Chang, 2004).

Another test used to account for inter-unit correlation and heterogeneity is the 
Gengenbach, Urbain, and Westerlund (2016) (GUW) cointegration test. The signifi-
cance of Y(t − 1) is investigated in this test, which is based on the error correction 
model. The null hypotheses for these tests used in the study indicate that there is no 
cointegration relationship. The results of the tests are given in Table 7.

When the results of the cointegration test used to investigate the long-term 
relationship between the variables were investigated, it was seen that the “t” sta-
tistical values according to the Pedroni panel cointegration test were greater than 
the 1.96 t table value at the 0.05 significance level for the group statistics. In this 

Table 6  Cross-section dependency and homogeneity tests of the model

Cross-section dependency LM Test statistic 776.5
Prob value 0.000

CDLM Test statistic 19.05
Prob value 0.000

Homogeneity Swamy S Chi-square test statistic 54,282.33
Prob value 0.000
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case, the null hypothesis is rejected and it is understood that there is a cointe-
gration relationship. When the information of the Westerlund panel cointegration 
test results is evaluated, the Gt and Ga statistics results of the heterogeneity are 
investigated because of the bootstrap values of the cross-section dependence of 
the panel. The information shows that the null hypothesis was rejected because 
these probability values were less than 0.05 and there was a cointegration rela-
tionship. Based on the information on the GUW cointegration test results, it is 
shown that the null hypothesis was rejected because the probability value for 
Y(t − 1) was < 0.01 and there was a long-term relationship between the variables.

All panel cointegration test results show that there is a long-term relationship 
between the variables. In such a case, long- and short-term relationships can be 
investigated with panel error correction models. However, to decide which of the 
error correction models to use, which provides the opportunity to analyze the 
short-term and long-term relationships at the same time, it was decided to use 
the second-generation Augmented Mean Group (AMG) estimator, in line with the 
results of the cross-section dependence of this model and the determination of 
heterogeneity.

This AMG error correction model, which was developed by Bond and Eber-
hardt (2009) and Eberhardt and Teal (2010), takes into account the cross-section 
dependence and calculates by weighting the results of the panel and the coeffi-
cients for the units. This estimation method is applicable when there are problems 
stemming from error terms such as varying variance (Eberhardt and Bond, 2009). 
The equations of the AMG estimator are given below (Bond & Eberhardt, 2009, 
Eberhardt & Teal, 2010):

Table 7  Cointegration test results

* indicates significant at 1% level. In the Pedroni test, the ** expression T table values are 1.960 for the 
0.05 significance level. Bootstrap (100) was applied for the Westerlund test; the lag length was deter-
mined as 1 according to AIC

Pedroni cointegration test

Statistics t-stat Statistics t-stat
Panel v 0.204 Group rho  − 2.727**
Panel rho  − 2.737 Group PP  − 6.182**
Panel PP  − 4.553 Group ADF  − 3.463**
Panel ADF  − 2.250
Westerlund cointegration test
Statistics Test stat Z value p value Bootstrapped p value
Gt  − 3.497  − 6.921 0.000 0.010*
Ga  − 12.499  − 2.345 0.009 0.020*
Pt  − 13.864  − 6.194 0.000 0.040
Pa  − 9.599  − 2.911 0.000 0.130
Gengenbach, Urbain, and Westerlund cointegra-

tion test (GUW)
Y(t − 1) T-bar value Prob

 − 3.901  ≤ 0.01
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The AMG estimator is used in cases of cross-sectional dependence and hetero-
geneity. It is also preferred because it can calculate the individual coefficients of 
the countries in the panel as well as the cointegration coefficient of the panel. In 
addition, this test is preferred because it is a test that can be used if the cointegration 
degrees of the series are different (Eberhardt, 2012: 64).

After determining the long-term relationships between the variables with the 
cointegration test, the analysis of long-term and short-term coefficients was made 
with the AMG test. As well as the long-term coefficients, the error correction coef-
ficient  (ECTt−1), and short-term coefficients were obtained in the tests and are given 
in Table 8. When the table is investigated, it is seen that ASR had negative effects on 
TECR in the long term and GDP had a positive effect on the panel in general. Also, 
the fact that the error correction coefficient was negative (< 1 and significant) indi-
cates that the error correction mechanism is working. This means that 96% of the 
imbalances occurring in the next period are in balance. In other words, when there 
is a deviation from the balance, the balance occurs again in an average of 1.04 years. 
When the short-term coefficients were investigated, it was concluded that ASR did 
not have significant effects on TECR, while GDP had a positive effect in the short 
term.

When the short-term and long-term coefficients of the countries were investi-
gated, it was found that ASR had a significant and negative effect on TECR only 
in Austria. When the effects of GDP were investigated, it was found that they had 
positive and significant effects in Australia, Austria, Belgium, Canada, Japan, South 
Korea, Spain, and Turkey. According to the long-term coefficients according to 
countries, it was found that ASR had significant and negative effects on TECR in 
the Czech Republic, France, Germany, Sweden, and Turkey. It was also found that 
GDP had positive and significant effects on TECR in Australia, the Czech Republic, 
France, Germany, Spain, Switzerland, Turkey, England, and the USA.

Result and Investigation

In our present day, the energy factor is considered among the most basic inputs in the 
production process to realize economic and social development. Electrical energy is 
used as one of the energy factors to determine the development levels of countries 
and evaluate their consumption levels. Electrical energy has great importance in 
every aspect of daily life and reflects the production level of countries. On the other 
hand, investments in human capital, which will ensure growth in the realization of 
economic development, also have an importance. Education expenditures are at the 

(5)ΔYit = b�ΔXit +
∑T

t=2
ctΔDt + eit ĉt = �̂t

(6)Yit = ait + b�Xit + cit + di�̂t + eit

(7)b̂AMG = N−1
∑

i

b̂i
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Table 8  AMG regression results

Error Correction
(ECTt-1)

-0.960*

(0,000)

Explanatory Short-Run Coefficients Long-Run Coefficients

Variables ASR GDP ASR GDP

Panel -0.335

(0,269)

0.449*

(0,000)

-0.245**

(0,047)

0.348*

(0,000)

Countries

Australia 0.222

(0,188)

0.806***

(0,053)

0.124

(0,434)

0.189***

(0,086)

Austria -0.449**

(0,047)

0.814**

(0,041)

0.157

(0,329)

0.151

(0,270)

Belgium 0.554

(0,606)

1.556***

(0,064)

0.010

(0,993)

-0.237

(0,650)

Canada 1.470

(0,262)

0.242**

(0,040)

-0.246

(0,517)

0.421

(0,127)

Czech Republic -0.676

(0,584)

0.417

(0,214)

-0.420***

(0,098)

0.335***

(0,099)

Denmark -0.517

(0,176)

-0.005

(0,989)

-0.272

(0,186)

0.203

(0,290)

France -0.042

(0,974)

0.374

(0,519)

-0.917*

(0,003)

1.404*

(0,000)

Germany 0.476

(0,420)

0.142

(0,676)

-0.910*

(0,000)

1.160*

(0,000)

Italy -3.960

(0,320)

-0.518

(0,267)

0.299

(0,433)

0.318

(0,380)

Japan 0.504

(0,608)

0.561***

(0,085)

-0.242

(0,490)

0.239

(0,601)

South Korea -0.018

(0,987)

1.439*

(0,001)

1.196

(0,397)

-0.010

(0,975)

Mexico 0.175

(0,247)

0.028

(0,763)

-0.065

(0,466)

0.114

(0,114)

Netherland -2.571

(0,147)

0.046

(0,918)

0.242

(0,679)

-0.357

(0,081)

Spain 0.695

(0,263)

1.189*

(0,000)

-0.202

(0,233)

0.731*

(0,000)

Sweden -0.461

(0,579)

-0.151

(0,714)

-1.101***

(0,094)

0.307

(0,112)

Switzerland -0.319

(0,536)

0.615

(0,203)

-0.678

(0,037)

0.515***

(0,063)

Turkey -0.461

(0,237)

0.690*

(0,000)

-0.694**

(0,020)

0.552**

(0,012)

England 1.244

(0,169)

0.233

(0,637)

-0.283

(0,206)

0.254***

(0,055)

USA -2.178

(0,226)

0.055

(0,945)

-0.665

(0,397)

0.335*

(0,007)

*, **, and *** expressions represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
Values in parentheses represent probability values
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forefront of human capital investments. The educational levels of people, avoiding 
unnecessary energy use, preferring energy-saving products, reducing energy con-
sumption, and raising awareness all have impacts on the energy consumption of 
households. In this respect, the effects of educational levels on energy consumption 
in residences are considered important.

The increase in the education levels of countries contributes to economic growth, 
and the income levels of individuals increase in turn. The increase in income levels 
can cause an increased energy consumption. As mentioned above, education affects 
economic growth and economic growth affects energy consumption interchange-
ably, therefore, education uses economic growth as a tool and it can be seen that it 
has effects on energy consumption in this way.

In this respect, the factors that affect the energy consumption of the households 
were investigated in the present study. For this purpose, the average schooling rate 
and income level were determined as explanatory variables. Panel data analysis was 
performed in the study by using the 1990–2019 period data of 19 OECD member 
countries. Firstly, cross-section dependence and homogeneity tests were applied in 
the analysis, and then stationarity was investigated with the PANICCA panel unit 
root test, which is a second-generation unit root test. After the variables were deter-
mined as “difference stationery,” the analyses were continued with the second-gen-
eration cointegration tests Pedroni (1999, 2004), Westerlund (2007), and Gengen-
bach, Urbain, and Westerlund (2016). As a result of these tests, it was found that the 
variables act together in the long run. Finally, the long- and short-run coefficients 
were estimated by using the Extended Average Group (AMG) estimator.

It was determined that there is no significant effect of ASR on TECR in the short 
term on a panel basis, but GDP has a positive impact in this regard. Also, when 
these positive effects of GDP are investigated in more detail, it is seen that the short-
term effect is higher than the long-term effect (0.44 > 0.34). On the other hand, it 
was also determined that the error correction mechanism also works, in other words, 
when deviations from the balance occur, the balance can occur again.

Some of the findings obtained as a result of the study are compatible with expecta-
tions. A positive relationship has been determined between income level and energy 
consumption in households. This situation is consistent with expectations. Because as 
individuals’ incomes increase, their consumption of energy products and many areas 
increases. However, the results obtained regarding the schooling rate are not compati-
ble with expectations. As a result of the study, it was determined that there was a long-
term positive relationship between schooling rate and energy consumption in house-
holds. However, expectations are that as individuals’ level of education increases, they 
will become more aware of energy consumption and reduce their energy consump-
tion. The results obtained from this study are consistent with Cayla et al. (2011) and 
Guo et al. (2023) studies. These studies also found that increases in household income 
and education level increase energy consumption. On the other hand, Jakuˇcionyte-
Skodien and Liobikiene (2023) revealed in their study that the education level and 
income level have a reducing effect on electricity consumption in households.

The positive effects of GDP on TECR in the short and long term mean that 
with the increase in household income, they increase the amount of energy used in 
houses. It is also understood that the increase in income is immediately reflected in 
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the energy consumption in the houses and the energy consumption increases at a 
higher rate depending on the income increase in the short term. When the effects 
of ASR on TECR are investigated, the lack of a significant effect in the short term 
occurs because the outputs associated with schooling cannot be obtained in the short 
term, but the schooling activities are completed and the outputs can be obtained in 
the long term after a certain period. Because educational activities cover a certain 
process, the expected effects at the end of this process become more evident in the 
long term rather than the short term. For this reason, the effects of ASR on TECR 
become significant in the long run. Also, the negative determination of this effect in 
the long term shows that individuals reduce energy consumption in households in 
the presence of increased schooling rates. In this way, it is ensured that individuals 
become conscious of energy consumption and consume less energy in individual 
households with education. However, the results also show that the long-term effects 
of ASR on decreasing TECR are smaller than the effect of GDP on increasing TECR 
(0.24 < 0.44). In other words, it is seen that educational activities that are not effec-
tive in the short term are less effective than the income variable in the long term.

Conclusion and Policy Recommendations

All these findings show that the income factor is important in the energy consumption of 
individuals in households, but it is also understood that individuals can be conscious of 
energy consumption with educational activities. It is important to determine how energy 
consumption in houses increases when faced with income increase and to perform poli-
cies for these areas, especially in countries with foreign dependence on energy. Because 
in this way, it will become possible to reduce energy demand in energy consumption 
areas with high-income sensitivity and educational activities and energy-saving technol-
ogies in the identified areas. For this reason, the implementation of policies that harmo-
nize the economic power and education levels of individuals with technological devel-
opments by policymakers will allow energy consumption to be reduced and used more 
efficiently, both individually at the micro level and the macro level for the country.

The long-term positive impact of both income level and schooling rate on house-
hold energy consumption has an important place in the policies to be implemented, 
as stated above. In addition, regions with high energy consumption should be deter-
mined by the state and the use of home appliances with high energy efficiency in 
households in these regions should be encouraged. On the other hand, it should be 
taken into consideration that women take a more active role in energy consumption 
in households. In addition, the number of individuals living in households, their age 
ranges, education levels, and gender status should also be taken into consideration in 
policies aimed at ensuring energy savings.

There were some limitations while carrying out this study. In the study, data for 
the period 1990–2019 was available, but the time dimension of the data set could not 
be expanded further. While examining the factors affecting household energy con-
sumption, a research was conducted within the framework of individuals’ income 
levels and education levels. This study should be expanded by examining other fac-
tors that will affect household energy consumption. In addition, characteristics of 
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the household such as size, gender status, and age ranges need to be considered in 
research. On the other hand, in this study, a research was conducted on the country 
group using panel data analysis. Carrying out this issue on a country-specific basis 
in other studies will contribute to the literature. In this way, more accurate policies 
can be produced by taking into account the specific situations of the countries.
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