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Abstract 
This study explores the effect of human capital on energy efficiency in a panel 
of developing countries from 1990 to 2017. Using the stochastic frontier 
model and the energy demand function, our results show that human capital 
can increase energy efficiency. Even after controlling for certain factors, the 
variable for human capital result remains unchanged. With regards to the 
controls, green innovation increased energy efficiency, while institutional 
quality showed an insignificant relation with energy efficiency. In general, the 
research results show that one essential positive externality of human capital 
development is that it promotes a greener future through energy conserva-
tion. Our findings can provide policymakers and governments with good 
reasons why more attention should be paid to human capital development to 
stimulate energy efficiency and a green future. 
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1. Introduction 

As the population of developing countries grows, energy demand will increase 
accordingly, thereby further exacerbating the climate change problem. For these 
countries, measures to address climate change and sustainability often focus on 
reducing the use of dirty energy sources such as coal and oil (Rafindadi, 2016; 
Sun et al., 2020b; Wang & Li, 2016). However, promoting and supporting green 
technological innovation, (such as smart climate infrastructure and design, and 
low-carbon and energy-efficient transportation systems) are often more sus-
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tainable; and this requires high levels of human capital development and capaci-
ty building (Yao et al., 2019). 

Human capital is regarded as the foundation of any country’s progress. The 
initiative to promote ground-breaking development falls on the shoulders of the 
human resources of a country (Sun et al., 2019). Supporting this view is the en-
dogenous growth model which emphasized that human capital accumulation 
will eventually contribute to production, which will create economic growth 
(Romer, 1990, 1994). Similarly, because of the elevated incidence of environ-
mental degradation in recent years and the consequent climate change issues, 
the role of human resources or education in combating climate change has be-
come apparent in the literature in recent years (Sarkodie et al., 2020). Therefore, 
at the micro-level, there are sherds of evidences that well-educated members of 
households are much more ecologically and energy conscious, and, as a result, 
spend less energy (Çelik & Oktay, 2019; Jin et al., 2019; Zhang & Kotani, 2012; 
Mbaka et al., 2016; Narasimha, Rao, & Reddy, 2007). Similarly, there is evidence 
that companies with well-educated, well-trained, and skilled executives and em-
ployees are much more energy efficient (Chai & Baudelaire, 2015; He & Huang, 
2020). 

However, from the macro perspective, the effect of human capital develop-
ment on energy efficiency is a bit unclear. First, there is a paucity of empirical 
research on the link between human capital and macro-energy efficiency (Sola-
rin, 2020). The second reason is that, although human capital can increase ener-
gy efficiency by stimulating energy-saving innovation, it is also possible that 
human capital will increase energy usage and reduce efficiency due to its role in 
promoting economic growth (Greening et al., 2000; Li & Lin, 2018). In addition, 
in the production process, human capital can substitute or complement other 
energy inputs economy (Carraro et al., 2014; Fan et al., 2007). 

Empirically speaking, many studies have explored the factors of energy effi-
ciency improvement, but limited number of research have studied the impact of 
human capital on improving energy efficiency, especially in developing coun-
tries. Huang et al. (2018) studied the relationship between the technology spil-
lover effect of Foreign Direct Investment (FDI) and energy intensity and estab-
lished that human capital stock has a positive influence on enhancing the posi-
tive technology spillover effect of FDI on energy intensity in terms of absorbing 
and using the technology embodied in FDI. Li et al. (2019) explored whether 
FDI will enhance the convergence of energy intensity among Chinese provinces 
and whether local characteristics will lead to such convergence. Their observa-
tion is that human capital helps to absorb foreign direct investment in advanced 
technology, which helps in reducing energy intensity. Huang and Chen (2020) 
studied the relationship between China’s domestic R&D activities, technology 
absorptive capacity and energy intensity. Their results show an increase in hu-
man capital stock reduces the negative impact on increasing energy intensity. In 
an attempt to link energy to economic progress, Pablo-Romero and Sánchez- 
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Braza (2015) observed that education could reduce energy consumption, that is, 
the more training workers receive, the more efficient the use of material capital, 
which means the less energy is used. Solarin (2020) studied the factors affecting 
energy intensity in developing countries and found that human capital develop-
ment can lead to the spread, awareness and adoption of energy-saving technolo-
gies. Sequeira and Santos (2018) explored the link between education and energy 
intensity and found that education can help reduce energy intensity. Yao et al. 
(2019) studied the impact of human capital stock on energy use in OECD coun-
tries from 1965 to 2014 and they observe that human capital stock decreases to-
tal energy usage by 15.36%. Salim et al. (2017) used China’s provincial data from 
1990 to 2010 to analyze the dynamic correlation between human capital and 
consumption of energy. They observed that for every 1% growth in human capi-
tal, energy use would decrease by 0.18% to 0.45%. Using data from the Organi-
zation for Economic Cooperation and Development (OECD) member countries 
from 1980 to 2015, Alvarado et al. (2021) studied whether economic develop-
ment and human capital reduced the consumption of non-renewable energy. 
Their findings recommend that improving human capital stock reduces nonre-
newable energy usage. 

We differ from the above studies in two aspects. For starters, they are more 
concerned with the effect of human capital on energy consumption (Alvarado et 
al., 2021; Pablo-Romero & Sánchez-Braza, 2015; Salim et al., 2017; Yao et al., 
2019) or energy intensity (Huang et al., 2018; Huang & Chen, 2020; Li et al., 
2019; Sequeira & Santos, 2018) than with the effect of human capital on energy 
efficiency. The commonly used measure in energy estimation is the energy in-
tensity measure (that is, the ratio of energy to gross domestic product (GDP)). 
As a result, energy intensity indicators are frequently mistaken for energy effi-
ciency measures. However, according to IEA (2009), using energy intensity in-
dicators as energy efficiency measurements may not be completely correct be-
cause it needs strong assumptions about efficiency-related factors. For instance, 
energy efficiency is influenced by factors unrelated to energy. Therefore, using 
energy intensity as a measure of energy efficiency could be misleading. This is 
because it ignores behavioral and structural differences between countries (such 
as technological and economic structure, demographics, lifestyle, and climatic 
conditions) (Lundgren et al., 2016). Second, in most cases, their focus is not to 
study the correlation between human capital and energy efficiency, but rather 
somewhere in-between the analysis, a human development index is introduced 
as a control variable. 

Based on the above assertion, we aim to add to the existing literature on the 
connection between human capital and energy efficiency at the macro perspec-
tive by focusing solely on 10 major energy-consuming developing countries 
around the world (i.e. China, Iran, South Africa, Nigeria, Indonesia, India, Mex-
ico, Brazil, Russia, Turkey and Ukraine). According to EIA (2007), the energy 
demand is expected to increase considerably in the coming years in developing 
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countries (i.e. from 46% to 58% between 2004 to 2040) and these countries will 
play a major role in this increase. To get rid of the concept of “grow now, clean 
up later”, it is urgent to assess what factors can improve energy efficiency in de-
veloping countries and in our case the aim is to assess the role of human capital 
on energy and environmental sustainability. Therefore, our study focuses on 
examining how important human capital is to energy efficiency improvement 
using the stochastic frontier analysis (SFA).  

In order to conduct this research, the remainder of this article is organized in 
the following manner: Section 2 presents the data and methods. Section 3 dis-
cusses the findings, and Section 4 concludes by highlighting main findings and 
providing policy recommendations. 

2. Data and Methodology 
2.1. Data 

This research collated an annual frequency data series of 10 developing countries 
spanning 1990-2017. Owing to the unavailability of data, we limit our sample to 
the following 10 energy consuming developing countries: China, Iran, South 
Africa, Nigeria, Indonesia, India, Mexico, Brazil, Russia, Turkey and Ukraine. As 
mentioned earlier, these developing countries are among the top global energy 
consumers. Additionally, compare to the other developing countries, these coun-
tries have a high stock of human capital. Therefore, these countries’ educational 
standards, as well as their labor force are superior to the other the developing 
countries. Table 1 illustrates the data used in this research, its source and the 
unit of measure. 

2.2. Methodology 

As said earlier, in this article, the stochastic frontier method is adopted to calculate  
 
Table 1. Source of data and unit of measure. 

Variables Acronyms Unit Source 

Gross Domestic Product GDP Constant 2010 US dollar PWT database 

Energy price EP 
Price of Crude oil in US$ per 
barrel deflated by country’s 

consumer price index 

BP statistical Review 
of World Energy 

Population density PD 
Total population  

per sq.km2 of land area 
WDI database 

Urbanization URB % of total population WDI database 

Share of service sector value SS % of GDP WDI database 

Human Capital HC Index PWT database 

Green innovation GP Patent count OECD database 

Institutional quality IQ Index EFW database 

PWT: Penn World Tables (Feenstra et al., 2015); WDI: World Development Indicator; OECD: Organiza-
tion for Economic Co-operation and Development library. 
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the total frontier energy demand function. In energy economics, energy effi-
ciency is largely viewed as using less energy input to produce greater or the same 
level of economic output. As a result, this method treats energy as a factor of 
production that is combined with other inputs to provide energy services, with 
the goal of estimating inefficiency in the utilisation of input energy as a (posi-
tive) deviation from an energy demand frontier function. Generally, the aggre-
gate energy demand for country i at a time t can be expressed as: 

( ), , ,it it it it itED f P Y X v= +                        (1) 

where itED  denotes aggregate energy demand, itY  is the real income, itP  is 
the real energy price, and itX  is a set of control variables (like level of urbani-
zation, population, industrialization or time dummies). The last term itv  cap-
tures the random noise which is assumed to be symmetrically identical and 
usually distributed with a mean of zero and variance, that is. ( )2~ 0, vv N σ . 

A Cobb–Douglas (CD) function is assumed here, as it is in most energy de-
mand models. Therefore, introducing the natural logarithm of variables as well 
as the country specific fixed effects jα , this results in the following estimable 
linear function: 

0 1 2ln , ln ln lnit it it it j itED P Y X v= α + β + β + ψ +α +            (2) 

Filippini and Hunt (2012) extended the energy demand function in Equation 
(2) by modelling “energy consumption efficiency” using the stochastic frontier 
approach. Therefore, Equation (2) is expanded with another term iu  whose 
aim is to mirror the degree of inefficiency. The term iu  is a non-negative error 
term which is often considered to have a half-normal distribution as in Aigner et 
al. (1977), that is ( )2~ 0, uu N + σ . It encapsulates inefficiency, which is how 
much more energy a country consumes beyond that which is deemed “neces-
sary’.” In other words, it indicates the shortfall of the country’s output from the 
efficient frontier. The itX  vector, in this study comprises of the effects of pop-
ulation density (PD), urbanization (URB) and value added by the service sector 
as a share of GDP (Serv). The effect of demography is captured by urban growth 
and population density. Changes in economic structure are captured by the val-
ue added by the service sector. The resulting econometric formulation can be 
stated as: 

0 1 2 3 4

5

ln , ln ln ln PD ln URB
ln Serv

it it it it it

it j it it

ED P Y
v

= α + β + β + β + β

+ β +α + +µ
        (3)  

The conventional stochastic frontier method defined in Aigner et al. (1977) 
can be used to estimate this specification. However, many scholars have made a 
criticism of this specification, that is, inefficiency iu  is simply a half-normal 
stochastic process, so the efficiency score derived from this model may not be 
meaningful. In order to alleviate this concern, here we estimate the inefficiency 
using the model suggested by Battese and Coelli (1995) which uses some addi-
tional predetermined variables in the vector iz  to estimate the average ineffi-
ciency level. Therefore, following Battese and Coelli (1995) the inefficiency term 
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itµ  in Equation (3) is adjusted to have some additional predetermined variables 
of vector iz  and a random component ( ite ): 

it it itu z e= +                          (4) 

These predetermined variables include our main variable of human capital as 
well as some control variables (that is, green technology and institutional quali-
ty). Here, we assume that the use of less energy inputs to produce a much larger 
or same level of economic output is dependent not just on the tool’s energy effi-
ciency but also the technical expertise of the labor. For example, a relatively new 
and advanced machinery operated by a skilled labor offers a smooth production 
process, which is able to offer same level of service using less energy. Therefore, 
to illustrate these parts, energy inefficiency average itu  is defined as 

HC Conit o H it c itu = β +β +β                     (5) 

where β  is the estimated parameter, HCit  is the human capital index, and 
Conit  are the control variables.  

Numerous models could be utilized to estimate a panel data stochastic frontier 
model (Filippini et al., 2014). In this research, given that the focus is to assess the 
effect of human capital index on energy efficiency performance, a panel data 
stochastic frontier model which allows energy efficiency levels to vary over time 
and depends on a set of covariates is adopted. Therefore, this study adopts the 
true fixed effects model proposed by Greene (2005). This method can be used to 
estimate stochastic frontier models in which the efficiency level is a function of 
explanatory variables1. 

3. Results and Discussion 
Estimated Energy Demand Model 

Table 2 shows the estimated results of the aggregate energy demand model us-
ing the true fixed effect SFA methods. From the energy demand function, the 
price of energy has a significant negative impact on energy demand in model (1). 
However, after introducing the control variables in model (2)-(4), the estimated 
price coefficient change to positive. Though the results in model (2)-(4) are con-
trary to theoretical expectations, in the context of a developing economy this can 
be attributed to fuel subsidies. According to Adom et al. (2018), fossil fuel sub-
sidy reduces the price at which consumer buys fuel and therefore diminishes the 
sensitivity of consumption to price fluctuations. This outcome is similar to those 
found by Adom et al. (2018). 

However, in all three models, the estimated income elasticity is positive and 
significant. The positive effect of income demonstrates that increased incomes in 
developing economies have a larger scale effect than technical effects, which is 
similar to results of Adom et al. (2018); Sineviciene et al. (2017); Filippini and 
Zhang (2016); Sun et al. (2020a). 

Population density shows a positive and significant effect on energy demand in 

 

 

1See Greene (2005) and Filippini et al. (2014) on details on the true fixed effect method. 
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Table 2. Estimated aggregate energy demand function. 

Energy Demand Function Model (1) Model (2) Model (3) Model (4) 

lnP −0.0102* 0.0743*** 0.00780 0.0611*** 

 (0.00612) (0.0168) (0.0145) (0.0190) 

lnGDP 0.559*** 0.876*** 0.721*** 0.847*** 

 (0.0403) (0.00941) (0.114) (0.00971) 

lnPD 0.966*** −0.612*** −0.446*** −0.667*** 

 (0.103) (0.0235) (0.0355) (0.0236) 

Urb 0.00783*** −0.0385*** −0.0201 −0.0409*** 

 (0.00277) (0.00340) (0.0203) (0.00315) 

Serv −0.00879*** −0.0135*** −0.0235*** −0.0158*** 

 (0.00210) (0.00477) (0.00813) (0.00446) 

T −0.0131*** 0.0232*** 0.0173** 0.0270*** 

 (0.00206) (0.00224) (0.00694) (0.00232) 

Inefficiency Function     

lnHC −10.98*** −9.472** −13.64*** −7.780* 

 (1.783) (4.324) (3.876) (4.612) 

lnPat  −0.864**  −0.908** 

  (0.375)  (0.442) 

lnInsti   −0.979 −3.107 

   (3.396) (3.669) 

Usigma 2.080** 1.528 4.445 5.442 

 (0.924) (1.734) (4.467) (5.231) 

Vsigma −5.641*** −4.224*** −4.333*** −4.170*** 

 (0.145) (0.134) (0.443) (0.127) 

Observations 241 185 223 183 

Number of id 10 9 10 9 

Notes: Coefficient being significant at 1% is denoted as (***), 5% (**) and 10% (*). 

 

model (1) however after controlling for the effect of green innovation and gov-
ernment institution in model (2)-(4), the coefficient change to negative. That is, 
a 1% growth in population density will result in a drop of 0.44% - 0.66% in 
energy demand. According to Adom et al. (2018), people in densely populated 
areas usually use non-energy-based transportation means (e.g. bicycles) and low- 
energy transportation means (e.g. motorcycles). This supports the results of Fi-
lippini and Zhang (2016); Adom et al. (2018); Sun et al. (2020a). Urbanization 
also has a significant negative effect on energy demand in model (2)-(4), which 
endorses the findings of Keho (2016) and Adom et al. (2018). 

The share of the service sector exhibits a significant negative effect on energy 
demand in all models. The service industry consumes less energy. Therefore, 
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transforming economic structure to the service industry will reduce the total 
energy needed to carry out economic activities (Adom et al., 2018). Also, the 
time trend seems to lower energy consumption in model (1), but after introduc-
ing the control variables, the results seem to be the opposite in models (2)-(5). 
One plausible justification for this conclusion, according to Filippini and Hunt 
(2012), is that various models capture the effect of technological advances on 
energy efficiency in diverse manners (for example, through price effects, time 
trends, or inefficient terms). 

In view of the focus of this research, we study the effect of human capital de-
velopment on energy efficiency in the next part of the model. Therefore, in 
model (1), we started the analysis by introducing only human capital variable in 
the inefficient function. We discovered that human capital has a significant neg-
ative effect on energy inefficiency at a significance level of 1%. Note that a nega-
tive coefficient here means that the variable reduces inefficiency items, which 
means that energy efficiency is improved. 

In the subsequent models, that is model (2)-(4), we introduced some controls 
to test the stability of the human capital results in model (1). Therefore, in model 
(2), we first control the level of innovation among countries. Even after control-
ling for this variable, the human capital coefficient is still negative, and the signi-
ficance level is 1%. When we replace innovation variables with institutional 
quality variable, the human capital coefficient is still similar to model (3). Also, 
even after adding the two variables (namely innovation and institutional quality) 
in model (4), the results of human capital are still completely consistent with 
models (1)-(3). 

The results demonstration that developing human capital enhance energy ef-
ficiency. This clarifies why countries that have access to a wide share of work-
force in skill-intensive jobs and a high level of education achieve high-income 
status and better environmental performance (Sarkodie et al., 2020; Sun et al., 
2021a). According to Sianesi and Van Reenen (2003), human capital investment 
has a multitude of beneficial externalities, which includes improved public 
health, drop in crime rates, and better social cohesiveness. Yao et al. (2019) dis-
covered that human capital creates large positive environmental externalities. As 
a result, our outcomes back up the notion that investing in human capital has a 
positive social impact while also pointing to a possible pathway for energy con-
servation that does not stifle economic progress.  

In terms of control variables, as expected, the green innovation coefficient has 
a significant negative impact on energy inefficiency, which means that the in-
crease in green innovation promotes energy efficiency. This finding is similar to 
that of Wurlod and Noailly (2018), who discovered that a 0.3% decrease in 
energy inefficiency is connected with a percentage rise in green technology. Lin 
and Moubarak (2014) and Sun et al. (2019) discovered similar results, stating 
that increasing green technology improves energy efficiency. 

However, the variable for institutional quality shows no significant effect on 
energy efficiency which contradicts those found in Sun et al. (2019) and Sun et 
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al. (2021b). Since the quality of institutions in developing countries is weak and 
relatively weaker compare to developed countries, it is understandable why the 
quality of institutions seems to contribute less to the improvement of energy ef-
ficiency. 

4. Conclusion and Policy Implication 
4.1. Main Findings 

With the stochastic energy distance frontier model, we use the Greene (2005) 
fixed effect model with a selection of some environmental factors to study the 
role of human capital on energy efficiency for a panel of developing countries 
during the period 1990-2017. The key discovery is that human capital improves 
energy efficiency, and when we control for other factors in the model, the result 
of human capital remains the same. Our results show that, for these developing 
countries, the benefits of human capital on energy efficiency come from the in-
crease in the percentage of employees with higher education. We also found that 
green innovation plays an important role in improving energy efficiency. The 
final discovery in relation to the other control variable-institutional quality, is 
that it has no effect on the energy efficiency performance for these countries. 

4.2. Policy Implications 

From a policy standpoint, energy efficiency is commonly regarded as one of the 
major policy strategies to reduce greenhouse gas emissions and global warming. 
However, improving energy efficiency at the firm and country levels remains a 
major obstacle. Our key outcome on the impact of human capital on energy effi-
ciency indicates that investing in people can help enhance energy efficiency, 
which indicates that policymakers in these developing countries should pay spe-
cial attention to investment in higher education to obtain environmental bene-
fits from higher human capital. Because green innovation can improve energy 
efficiency, the policy direction of strengthening the development and deploy-
ment of more green technologies in these countries will help achieve the envi-
ronmental security stipulated in the sustainable development goals. 

Finally, the role of institutional quality showing an insignificant relationship 
on energy efficiency suggests the institutions in the developing economies should 
be empowered and supported to act independently without any influences from 
the government. 
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