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Abstract - Sustainable energy is crucial for sustainable development. Access to modern energy services is fundamental for 
human development. One fifth of people in the world still lacks of access to electricity. This is one of the major barriers to 
eliminate poverty. Throughout the world, inefficient energy use damages economic productivity and energy-related emissions 
which contributes significantly to dangerous warming of world. One of the Sustainable Development Goals (SDGs) is 
Sustainable energy for All (SE4All), which is global initiative co-chaired by the United Nations and World Bank. SE4All has 
three key development objectives for the energy sector to ensure universal access to modern energy services, double the global 
rate of improvement in energy efficiency, and double the share of renewable energy in the global energy mix by 2030. In this 
study, High and upper-middle income level countries are compared in terms of SE4All indicators covering 2012. The preferred 
method is logistic regression analysis, as a special type of regression analysis where binary dependent variable is related to a set 
of independent variables. As the dependent variable is country income levels, the independent variables are indicators of 
energy access, energy efficiency, renewable energy in our study. The logistic regression analysis is used to assess the 
association between SE4All indicators and country income levels. 
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I. INTRODUCTION 
 
Sustainable development is only possible by effective 
uses of the sustainable energy resources [1]. By the 
growing attention to importance of energy 
for economic development in the beginning of 2000, 
sustainable energy has gained priority by UN. 
Sustainable Energy for All (SE4ALL) is an initiative 
that established by UN considering three crucial 
commitments: to ensure universal access to modern 
energy services, to double the global rate of 
improvement in global energy efficiency, and to 
double the share of renewable energy in the global 
energy mix [2]. 
 
Access to energy is an important indicator of the 
country’s development level and defined as efficient 
energy supplies, such as electricity, gas, and liquid 
fuels when needs of individuals to purchase such 
supplies for their daily use. The countries with the 
highest GDPs in the world also have the highest levels 
of energy access [3]. In developing countries, growth 
in commercial energy use is closely related to growth 
in modern sectors of their economy. As a commercial 
form of energy, electricity has important role in 
economic development and the per capita electricity 
use is high in the high-income. Economic development 
also related to the industrial and service development 
and other aspects of human development like the 
diffusion of education and health services [4]. Modern 
energy services enhance agricultural and labor 
productivity as well as providing new income 
generating opportunities; it yields income and 

economic growth [5]. Access to modern energy 
requires improved technologies and financing 
instruments and resources. 
The ratio of total energy consumption to economic 
output (GDP) is the energy intensity of the economy. It 
indicates how efficient the limited energy resources are 
employed for the production of goods and services [6]. 
In general, energy efficiency represents a “win-win” 
proposition [5].  Renewable energy gains more 
importance in terms of sustainable development due to 
the increase in energy demand and exhaustion of 
non-renewable energy category. Therefore, the needs 
to achieve the sustainable development goals, 
countries consider promoting the renewable energy 
resources [7]. 
There are numbers of energy indicators that are 
relevant for sustainable development in social, 
economic and environmental dimensions [8]. These 
are able to describe the relations between energy uses, 
human and economic activities, and environmental 
impacts. They measure the amount of activity or output 
linked with energy use [9]. Vera and Langlois (2007) 
summarize the set of energy indicators for sustainable 
energy development. These indicators are proposed by 
an international partnership initiative that aims to 
provide an analytical tool for assessing current energy 
production and use patterns with the represented set of 
energy indicators [10].  The purpose of this paper is to 
compare high and upper-middle-income level 
countries in terms of SE4All for 2012. We have twenty 
indicators in three classes: energy access, energy 
efficiency and renewable energy from The World Bank 
Open Database. 
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II. METHOD 
 
The logistic regression analysis is preferred method of 
this study. Logistic regression forms a best fitting 
equation using the maximum likelihood method, which 
maximizes the probability of classifying the observed 
data into the appropriate category given the regression 
coefficients. The goal is to correctly predict the 
category of dependent variable for individual cases. To 
accomplish this goal, a model is created including all 
independent variables that are useful in predicting the 
dependent variable. The outcome of the logistic 
regression is not a prediction of a Y value, as in linear 
regression, but a probability of belonging to one of two 
conditions of Y, which can take on any value between 
0 and 1 rather than just 0 and 1 [11]. For this study, the 
dependent variable is country income level, which is a 
dichotomous variable. Country income level is coded 
as 1 for high Income countries and 0 for upper-middle 
income countries. The main purpose of this study is to 
predict probability of being high income countries in 
terms of energy access, energy efficiency, renewable 
energy- SE4All. In this study, the recent published data 
from The World Bank Open Database for SE4All for 
the year 2012 are used. The logistic regression analysis 
is performed by using SPSS package in order to predict 
probability of being high income country in terms of 
indicators given in the Table I. 

 
Table. I Definition and classification of independent 

variables used in the model 

The data are collected from seventy-one high income 
and forty-four upper-middle income countries. Since 
the data contain many missing values, the listwise 
deletion method is preferred to handle these missing 
values. As a result of listwise deletion method, 
thirty-five high income and forty-one upper-middle 
income countries remain in the data set.  Since the 
model involves twenty independent variables as shown 
in Table I, the stepwise method of forward conditional 
is used to perform logistic regression analysis.  The 
forward conditional method is stepwise selection 
method with entry testing based on the significance of 
the score statistic, and removal testing based on the 
probability of a likelihood-ratio statistic based on 
conditional parameter estimates. 
 
As shown in Table II, it is found that logistic regression 
coefficients, standard errors, wald statistics, the 
degrees of freedom (df) associated with each variable 
statistical significance (p value) of the Wald statistic 
and odds ratio (EXP(B)).  X4, X8, X9 and X11 have 
statistically significant effects on probability of being 
high income country (each p value <0.05) as can be 
seen from the Table II. 

 
Table. II Variables in the Equation 

 
The logistic function obtained from Table II is given in 
(1) below [12].  

P(Y =1)=
exp(-12.014+0.113*x4-688*x8+0.818*x9+0.052*x11)

1+exp((-12.014+0.113*x4-.688*x8+0.818*x9+0.052*x11)
.

(1) 
An odds ratio (exp(B)) greater than 1 indicates that the 
odds of being high income country increase when the 
independent variables increase, whereas an odds ratio 
of less than 1 indicates that the odds of being high 
income country decrease when the independent 
variables increase: If you subtract 1 from the odds ratio 
and multiply by 100 (that is, (odds ratio-1) x100), this 
shows the percentage change in the odds for 1-unit 
change in the being high income country [13]. 
 
According to the Table II, for instance one unit 
increases in X8 (Energy intensity level of primary 
energy) decreases the odds of being high income 
country by 49.7% (the odds of being high income 
country is multiplied by 0.503, which is 49.7% less 
than 1). One-unit increase in X9 (Energy intensity of 
agricultural sector) results in 126.5% increase in the 
odds of being high income country. The Classification 
Table (Table III) indicates how well the model 
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correctly classifies countries.  

 
Table. III Classification Tablea 

 
It shows that the model correctly classifies thirty-four 
countries, which are upper-middle income countries 
(coded as 0), but misclassifies seven other 
upper-middle income countries  (correctly classifies 
82.9 %); whereas the model correctly classifies thirty 
countries, which are high income countries (coded as 
1), but misclassifies five other high income countries  
(correctly classifies 80. 9%). The overall “weighted” 
accuracy is 84.2 %. 
The Hosmer and Lemeshow test is used to evaluate the 
goodness-of-fit.  Since the p-value (0.875) is greater 
than alpha (0.05), the model indicates good fit. It states 
that there was no statistically significant difference 
between the observed and predicted classifications 
[14]. 

 
Step Chi-square df Sig. 

4 3.793 8 .875 

Table IV. Hosmer and Lemeshow Test 

 
CONCLUSION 
 
In this study, 2012 data, the recent published data of 
The World Bank Open Database for SE4All, are used. 
The main conclusions that can be drawn from the study 
are listed below. 
According to importance of variables, X9 (Energy 
intensity of agricultural sector), X8 (Energy intensity 
level of primary energy), X4 (% of rural population 
with access to Non-Solid Fuel) and X11 (Energy 
intensity of residential sector) effect on probability of 
being high income country, respectively. 
One-unit increase in X9, X4 and X11 result in 126.5%, 
11.9%, 5.3% increase in the odds of being high income 
country, respectively. Conversely, one unit increases in 
X8 decreases the odds of being high income country by 
49.7% 
The Classification Table (Table III) shows how many 
countries are correctly predicted, 34 countries are 
correctly predicted to be 0; 30 countries are correctly 
predicted to be 1. Table III also shows how many 

countries are not correctly predicted; seven countries 
are observed to be 0 but are predicted to be 1 
(Azerbaijan, Argentina, Belarus, Iran, Jordan, 
Lithuania and Turkey are predicted to be high income 
countries in terms of Sustainable Energy). Five 
countries are observed to be 1 but are predicted to be 0. 
(Croatia, Estonia, Korea, Malta and Oman are 
predicted to be upper income countries in terms of 
Sustainable Energy). 
Energy access and consumption are important for 
economic progress. Since energy inputs are 
insufficient, they should be used efficiently. In this 
study, we predict probability of being high income 
countries in terms of energy access, energy efficiency 
and renewable energy- SE4All. This study can be 
extended for more recent data by using different 
analytical models to find distinctive sustainable energy 
variables in terms of income level. 
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